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1.  RATIONALE: THE PROPULSION SYSTEM ONBOARD FISHING VESSELS 
Typical propulsion system on board fishing vessels (Figure 1) consists of a high speed marine diesel 

engine (1) that, through a reduction gear (4), drives the intermediate shaft (5). Generally a fixed 

pitch propeller (7) produces the required thrust for the different fishing phases, running at 

different speed. The power take-off forward is used for other energy users, such as hydraulic or 

electric users. Unless using a controllable pitch propeller, the requested propeller rpm is 

obtainable only controlling the engine revolution speed. Since the different power requirements 

occur in the whole fishing trip and the design of a fixed pitch propeller could be optimized only for 

one operating condition, at least one of the two different fishing  phases, imposes a not efficient 

operating point to the engine. 

 

Figure 1. Standard propulsion system of a fishing vessel: 1) diesel engine, 2) flywheel, 3) coupling 

flange, 4) reduction gear, 5) intermediate shaft, 6) stern tube, 7) fixed pitch propeller; 8) Power take-

off forward. 

1.1 Main engine 

The power installed onboard fishing vessel depends on the total amount of power needed to carry 

out fishing activities, mainly referred to sailing and trawling. Depending on the power required to 

reach the design speed it is necessary to install a total amount of power on the basis of the overall 

propulsion system efficiency.   

For fishing vessels of small and medium size, the choice now lies with high speed turbocharged 

four-stroke diesel engines, for a power range extending from a few tens to a thousand kW. The 

major advantages of this engines are the economy and operational reliability, with an overall 

efficiency of about 45% - 50% (ration between mechanical power delivered over the thermal 

power provided by the fuel consumed). Slow speed diesel engines could be characterized by 

higher efficiency but in many cases the minimum power size is over the right size for fishing 

vessels (more than 1300 kW)  
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1.2 Reduction gear box 

The reduction gear box is the device responsible for putting the propeller in the conditions of 

using the power delivered by the propulsion motor. It simply changes the values of torque and 

rotational speed, without absorbing any significant amount of power (typical efficiency: 95% - 

98%).  

1.3 Propeller  

The propeller is the devoted device which produces the requested thrust, depending on the speed 

or drag to be obtained. The propulsion system of a fishing vessel typically consists of a diesel 

engine driving a fixed blade propeller which exhibits its best efficiency only at its designed point. 

Therefore, the efficiency of a fixed blade propeller (with fixed pitch), designed for steaming 

optimal performance, will drop when trawling. The vice versa is as well true. 

 

Figure 2. Typical propeller efficiency diagram. Depending on the propeller pitch, efficiency vary in a 

wide range of values. The efficiency is represented against the speed, expressed in fractions of the 

vessel design speed.  

In Figure 2 the red line is referred to a propeller suitable for high speeds, (for sailing) while the 

green line is better for low speeds and high thrust requests (for trawling). It is possible to note that 

the maximum of each curve corresponds to a different speed. This means that it is not possible for 

a fixed pitch propeller to maintain high performances in so different conditions such as trawling 
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and sailing. Typical efficiency wide in a range of 50% - 60% but for small variation from the optimal 

speed, efficiency decreases sensibly.  

1.4 Propulsion system efficiency chain  

The propulsion system efficiency chain is below illustrated:  

                          

Where     is the engine efficiency,     is the reduction gear efficiency,       is the hull efficiency 

and       the propeller efficiency. In most cases it is possible to consider almost 1 hull and 

reduction gear efficiency, so that the previous equation becomes: 

              

As we can see, overall efficiency is mainly influenced by engine and propeller efficiency. Typical 

efficiency range for fishing vessel is around 50% – 60%. This means that only 50% - 60% of the 

power input provided by fuel is suitable as mechanical power for the propulsion when propulsion 

system is working in optimal condition. Out of this condition the efficiency can decrease by 50%, 

mainly due to propeller performance characteristics. So that, in order to maintain high propulsion 

system performances, thus obtaining great fuel savings, any improvement must be coordinated 

and taking into account other propulsion system devices.  

2. CONTRIBUTION OF NEWER ENGINES FOR FUEL SAVING IN FISHERIES 
Comparing the actual state of the art of marine diesel engines with those installed 20 years ago 

(the average life of a good and well maintained engine) many improvements were achieved to 

reduce specific fuel consumption (the amount of fuel needed to produce the same power) and 

GHG and NOx emissions, mainly due to the introduction of turbocharged with intercooler engines 

and electronic management. Comparing some datasheet, it is possible to estimate a reduction in 

specific fuel consumption of about 10%, of new engines. It is important to note that the fuel 

consumption mentioned is referred to brake Power, which means the theoretical power delivered 

by the main engine during tests.  

Nevertheless, engines manufacturers interviewed declared that changing an old engine with a new 

one is not an action rising to fuel saving. Other needs can make mandatory the engine 

replacement, such as rising in management costs wasteful lube oil expenditure, losses in cylinders 

pressure, any time the refitting cost is too much compared with the replacement.  

Advantages in fuel savings could be achieved when the engine replacement is done from the point 

of view of the overall propulsion system. It is important to select an engine with torque and 

rotational speed which allow the propeller to guarantee maximum performance.  
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During last decades, speaking on engine replacements, power installed onboard has increased due 

to the fact that fishermen were sure about the more power installed onboard the bigger the net 

they can drag and the higher speed during sailing. It is a double error. First of all it is not true 

because the total amount of power usable depends on the power usage capability of the 

propeller, for the trawling phase, while the maximum speed obtainable during sailing depends on 

hull characteristics, especially for displacement hulls (Messina and Notti, 2007). Furthermore the 

bigger the engine, the higher the fuel consumption.  

The aim of the engine replacement should be the reduction of power installed, selecting an engine 

suitable for the existing reduction gear and propeller or including the propeller and the reduction 

gear into the refitting.  

2.1 Diesel electric propulsion system 

The diesel electric propulsion system could be suitable, especially for big trawlers. In this 

configuration the thermal engine provide the required power working at optimal conditions while 

the electronic part of the propulsion system share the power delivered by the thermal engine, 

depending on the needs. Recent developments in such a propulsion system foresee a storage of 

part of the power produced in many array battery. This amount of power is available when the 

vessel is approaching the harbor or  during “light” working phases. This solution comes from light 

duty ships and to provide a solution for pollution reduction. As an example, a Rolls Royce solution 

is illustrated below. 

 

Figure 3.  Rolls Royce Propulsion system layout.  

Compared to the traditional propulsion system, with a main engine coupled with the propeller 

through a reduction gear, also a shaft power generator is coupled to the main engine through the 

reduction gear, while few auxiliary power engines are installed for electric power generation. An 

electronic control system manage the total amount of power requested and the best configuration 
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for the minimization of the fuel consumption. The HSG (hybrid shaft generator) system is actually 

an advanced power electric system for conditioning the power coming from a shaft generator so 

that the switchboard see a constant voltage and frequency, and the correct phase angle to match 

other generator sets running in parallel. This opens the way for much more flexible uses of engine 

and propeller speed variations to maximize both propeller and engine efficiencies by running them 

at their design points. Doing so also helps to reduce exhaust CO2 and NOx emissions.  

The HSG drive supplies fixed frequency to the switchboard even when engine rpm varies. It also 

allows SG to operate in parallel with auxiliary gensets. The shaft generator can function either as a 

generator or as a motor.  The HSG allows the propulsion system to be optimized, reducing fuel 

consumption and emissions in all modes. The aim of this new system is to expand the range of 

efficiency of the main engine and the propeller. Several configurations are available, depending on 

the power request. So that The HSG concept is suitable for offshore, merchant and fishing vessels. 

(more info at http://www.rolls-royce.com/marine/ship_design_systems/prop_sys/hsg/)  

Another hybrid diesel electric solution were analyzed in a pilot project (Notti et al, 2011), through 

a technical feasibility of a new propulsion system architecture, studied in 2008 through a research 

funded by the European Community (EC Regulation 2792/99, Article 17 - Innovative measures. 

n.27/IM/06 Project). In the propulsion system herein proposed, the overall power required by the 

vessel is subdivided in multiple power units, each one obtained by coupling a diesel engine with a 

permanent magnet brushless electric generator, while the propeller is coupled with an electric 

motor. Through an electronic management system, it is possible to maintain one or more power 

units at different operating points to guarantee the minimum overall fuel consumption. In this 

study two power units have been considered. Many load tests have been done on a marine diesel 

engine, to evaluate its fuel consumption, torque and power delivered against the revolution 

speed. An algorithm to control the power units have been obtained from experimental data. The 

carried tests demonstrated the so conceived propulsion system as really reliable. A fuel saving of 

up to 15% was achieved with a power units equipped with a 257 kW @ 3800 rpm diesel engine. 

The proposed propulsion system could be useful both in new vessel and for a re-dumping of 

existing vessels. Further advantages are related to the possibility to avoid propeller shaft and 

reduction gear, then reducing weights, noise and pollution. 

http://www.rolls-royce.com/marine/ship_design_systems/prop_sys/hsg/
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Figure 4. Hybrid diesel electric propulsion system layout. Power units (1, 2) are obtained by coupling a 

diesel engine and a permanent magnet synchronous electric generator. Each power unit is managed by 

one inverter which is connected to the electronic part of the system through a bus DC. The DC bus 

provides the continuous power flow from power units to the electronic part. In the electronic part, one 

inverter per power unit drains the electric power to the electric engine. The electric engine, through a 

reduction gear if needed or directly coupled, moves the propeller on the basis of the input by the 

power management system. 

3. SOME DEVICES TO OBTAIN POWER SAVING ONBOARD FISHING 

VESSELS 
It is necessary start to think on how to reduce the power demand instead of how to reduce the 

fuel consumption of the power installed. Some devices can decrease the amount of power 

needed, maintaining vessel performances. 

3.1 Bulbous bow  

A bulbous bow, whether incorporated into the vessel when constructed or as a retrofit, will reduce 

fuel consumption 12% to 15%. The reduced fuel consumption will provide greater range or a slightly 

higher speed for the same power applied. The greatest amount of benefit will be at the high end of the 

semi-displacement speed range, reducing as your speed decreases ( 

Table 1).  

At low speed (around 6 knots and lower) the bulb will even cause an increase in drag because of 

its greater wetted surface area. At a low speed the added power consumption is negligible and 

generally little time is spent in this speed range. 
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Figure 5. Bulbous bow of a fishing vessel. 

 

Table 1. Effective (PE) and delivered (PD) powers for both basic (1) and bulbous bow form (2) at speeds 

(V) 

 

In addition, you will find increased sea keeping ability due to dampening of the pitching motion. 

When charging into head seas there is the chance of slamming the bulb on the troughs, but this is 

limited to a very narrow range of wave train and heading. A slight change in direction and/or 

speed will cure this ill-effect. 

3.2 Ducted propellers 

A “ducted” propeller is fitted around with a ring-shaped hydrodynamic profile.  For a trawler, the 

use of a ducted propeller is power-saving (Messina and Notti, 2007). Due to its smaller diameter, if 

compared with a  conventional propeller, it could be installed also on already existing trawlers. 

V 

[knots] 

PE [HP] PD [HP] 

1 2 % 1 2 % 

5 10 12 + 20.00  23 19 - 21.00 

6 18 21 + 16.70 37 32 - 15.62 

7 30 33 + 10.00 59 53 - 11.32 

8 50 46 - 8.70 93 85 - 9.41 

9 77 67 - 14.92 137 125 - 9.60 

10 112 97 - 15.46 197 170 - 15.88 

11 179 169 - 5.91 299 260 - 15.00 

12 343 321 - 6.85 543 492 - 10.36 

13 674 582 - 15.80 1109 967 - 14.68 

14 1203 1112 - 8.18 2153 1931 - 11.50 
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Comparative tests demonstrated the advantages of a ducted propeller which lie mainly in the 

possibility to realize, for the same power, greater thrusts than those generated by conventional 

propellers. For the same reason, the same thrust required can be achieved with less engine power 

and thus less fuel consumption. 

 

Figure 6. Ducted propeller. 

Table 2. Comparison of the power delivered (PD) between a B 4-70 open propeller and a B 4-70 ducted 

in nozzle 19a NACA profile propeller; both propellers with a 2 m diameter (D) and 0.8 pitch over 

diameter ratio (P/D).  
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As illustrated in Table 2, for the same thrust (T) ducted propeller requires less power (PD). Looking 

at the ratio between open propeller and ducted propeller power delivered (PD) the reduction in 

power demand is almost 20% in all the range of thrust considered (Notti and Sala, 2012). 

3.3 Grim wheel 

A Grim wheel is placed in the propeller slipstream and can freely running, working as a water-

turbine, powered by the propeller wake. Its diameter is about 20% larger than the propeller.  

 

Figure 7. Grim wheel applied to a controllable pitch propeller. The Grim wheel is a free running 

propeller which operates as a stator, increasing propeller counter pressure thus the propeller 

efficiency. 

The power saving is about 5 to 12%. A Grim wheel could be applied either to new or to already 

existing propellers proper room is available. Higher fuel savings could be obtained when a Grim 

wheel is used in association with heavily loaded propeller. 

3.1 Slowly running propellers 

Such propellers give an improved propulsive efficiency by increasing the amount of water through 

the propeller disc. The same thrust could be produced with less engine power by reducing rpm 

and increasing propeller diameter. The diagram of Figure 8 shows, for a B 3.50 series propeller, 

how much power is requested at different propeller diameters, for a thrust of 6000 kg. Increasing 

propeller diameter from 1.45 to 1.85 m (just 40 cm more) the power saving for the same thrust is 

about 20% (from 550 to 450 kW).  
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Figure 8. Relation between powers (PD), revolutions (N) and propeller diameters (D) to give the 

same thrust for a B 3.50 series propeller with P/D = 0.8. 

CONCLUSION 

New engines are more fuel efficient than older engines mainly thanks to improvements in fuel 

combustions, turbocharging and electronic management for fuel ignition into cylinders. 

Nevertheless, a fuel saving strategy based only on an engine replacement is just theoretical as the 

propulsion system could not take advantage of such a saving. Thinking about changing the main 

engine, the best strategy is to reduce to find a way to reduce fuel consumption. But it is necessary 

first of all to reduce devices and users power demand. Many of them are already existing and 

“historically steady”.  

Furthermore, for European Fisheries, according to art. 25 par. 3 of the EC Reg. 1198/2006, “the 

new engine can be funded as long as a 20% of reduction in power installed”.   

Important savings could be obtainable finding the way to improve the capability of the propulsion 

system to use the power delivered by the main engine rather than installing a huge amount of 

power, not use in most cases. 
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