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Abstract—In this paper a review of some improvements is 
proposed for trawlers propulsion systems. Basically, fishing 
activity is characterized by two different operative conditions: 
sailing and trawling. The technical solutions herein proposed can 
be adopted in new or in existing vessels. The propulsion system 
efficiency is mainly influenced by propeller and main engine 
efficiency. Engine and propeller must be coordinated through the 
reduction gear in such a way that optimum conditions are 
reached both for sailing and trawling phases. Typically, a free 
fixed pitch propeller is used for propulsion system in Italian 
fishing vessels. For a given propeller thrust and operating 
condition, a two-speed reduction gear box can be adopted to 
perform each fishing phase without overloading the main engine 
and saving fuel. Bollard pull tests demonstrated that using a 
ducted propeller, thrust is increased up to 25%, if compared with 
a conventional propeller with same diameter and pitch. Main 
engine efficiency can be improved using a new hybrid diesel-
electric propulsion system. In the propulsion system herein 
proposed, the overall power required by the vessel can be 
subdivided in multiple power units, each one obtained 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 power units at different operating points and guarantee 
the minimum overall fuel consumption. Tests demonstrated a fuel 
saving up to 15%. One characteristic of this abovementioned 
improvements is that they could be applied contemporary in the 
same fishing vessel, adding each benefit in propulsion system 
efficiency. 

Keywords; energy saving, fisheries, propulsion, hybrid diesel 
electric, fuel saving, energy efficiency 

I.  INTRODUCTION 

The high fuel consumption of many important fisheries 

constitutes a major constraint to their economic viability, 

represents a significant source of greenhouse gas emissions, 

impacts the marine environments, through excessive removals 

of ecologically and economically valuable species and also by 

direct contact with critical habitats [1]. 

The “fuel crisis regulation” introduced funding for 

decommissioning and investments onboard fishing vessels to 

respond increases in fuel prices (EC N. 744/2008). Many 

initiatives and experimentations were carried out to find 

substitutes of fossil fuels. Nevertheless, fossil fuels remains the 

most used energy source because of his low €/kWh price, 

compared with other alternative energy sources. On the other 

hand, overfishing situation do not allow fishermen to make full 

use of their fishing vessels and so reducing the revenue/cost 

ratio. Operating a sensible reduction in fuel usage this ratio can 

rise up. Most of European fishing vessels are of outdated 

technology and so characterized by a low energy efficiency 

level. A monitoring system to constantly take under control 

fuel consumption represent the step zero for an energy saving 

strategy [2]. Some energy audit [3] shown that fishing vessel 

energy efficiency is generally affected by a low efficiency of 

the propulsion system, mainly due to prime mover and 

propeller efficiency. Considering as a baseline typical 

propulsion system layout, where a diesel engine moves a fixed 

pitch propeller through a reduction gear with, important 

reduction in fuel consumption can be achieved improving 

propulsion system efficiency.   

Fishing activity is characterized by two basically different 

fishing conditions, corresponding to sailing and trawling 

phases. Engine and propeller must be coordinated through the 

reduction gear in such a way that optimal conditions are 

reached for both sailing and trawling phases. In many 

propulsion systems, propeller is designed to absorb the 

maximum power delivered by the main engine during sailing, 

obtaining the vessel reach the maximum speed. With a fixed 

pitch propeller, efficiency decrease during trawling as the 

advance coefficient is less for trawling condition and the 

diameter over pitch curve of that propeller decrease rapidly 

with the advance coefficient. Furthermore the main engine 

could be overloaded during trawling due to the high gear drag 

resistance. If the propeller is designed for trawling, the 



propeller efficiency is better at towing speed, but will not be 

able to absorb all the power delivered by the main engine and 

the maximum speed will be not achieved. Using a 2-speed 

reduction gear it is possible for the main engine to provide the 

requested power to the propeller under the thermally 

overloaded limit. Changing reduction ratio from sailing to 

trawling phase the propeller, running at different rotational 

speeds for the same engine speed, can provide the requested 

thrust at an acceptable efficiency level. Especially for heavy 

loaded propellers, used for example in tug boats and bottom 

trawlers, propeller efficiency can be improved also using 

ducted propeller. Even if nozzle could increase overall 

appendage resistance during sailing, thrust is increased with a 

ducted propeller instead of a conventional propeller with same 

diameter and pitch. So, being constant the thrust required to 

tow the fishing gear, less power is required by the main engine 

and up to 20% in fuel saving can be achieved. The overall main 

engine efficiency can be improved with a new hybrid diesel 

electric propulsion system [4], conceived as a prototypal study 

in the Electrical Engineering Faculty of the Bologna University 

in 2008 [5]. Starting by the power requested by a vessel for 

sailing and trawling, the overall power installed can be 

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 refitting of existing vessels. 

Further advantages are related to the possibility to avoid 

propeller shaft and reduction gear, then reducing weights, noise 

and pollution. 

II. TWO-SPEED REDUCTION GEAR BOX 

The propeller must provide the required thrust to ensure the 

fishing vessel reach the design speed. In agreement with Reso 

and Amici [2], fishing activity, especially for trawlers, is 

characterized by two different resistance curves, related to 

sailing and trawling. In Figure 1 sailing and trawling phases of a 

30 m Loa trawler are represented in terms of specific resistance 

against specific vessel speed. As the propulsion system must 

provide the required thrust for a wide range of vessel speed, 

main engine will work at different operating points and thermal 

loads, due to the fixed propeller pitch and reduction gear ratio. 

 

 

FIGURE 1.  RESISTANCE CURVE DURING TRAWLING AND SAILING. THE 

RESISTANCE R OVER THE MAXIMUM RESISTANCE R* IS 

VARIABLE WITH THE SPEED V OVER THE DESIGN SPEED V*. 

There are basically three ways to design a suitable 1 – speed 

fixed pitch propeller: 

1. Designing the propeller for the sailing phase, so that 

the trawler will reach the design speed while the 

capability to provide the suitable thrust during 

trawling will depend from the torque characteristics of 

the main engine. 

2. Designing the propeller for the trawling phase, so that 

the engine will provide the maximum torque at 

trawling speed but the vessel will not reach high 

speeds during sailing 

3. Choosing a propeller design setup between setup a) 

and b) and, especially if no power reserve is not 

provisioned, at least in one of the two phases, main 

engine will run near its thermal performance limit. 

Two 30 m Loa (length overall) trawlers “sisters” (TABLE 1), 

equipped with a main engine of about 493 kW @ 1800 RPM 

and an high screw fixed pitch propeller with a 1,8 m of 

diameter and P/D (pitch over the diameter) were compared 

during sailing and fishing operations. Vessel A mounted 1 – 

speed reduction gear with a 6 reduction ratio R, while the 

vessel B mounted a 2-speed reduction gear with 5.18 reduction 

ratio R for sailing and 6.3 for fishing. 

TABLE 1. OPERATING CONDITIONS COMPARISON BETWEEN TWO 

“TWIN” VESSELS, A AND B, DURING SAILING AND TRAWLING. 
VESSEL SPEED (VS), ENGINE SPEED (N) GAS TEMPERATURE 

(T) AND, ONLY FOR FISHING, TOTAL TOWING FORCE (TTF) 

ARE EXPRESED. AT DIFFERENT REDUCTION RATIO (R), 
VESSEL B MAIN ENGINE OPERATES UNDER THE THERMAL 

LIMIT IN BOTH PHASES. 
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Trawler A mounted single speed reduction gear, with a 

reduction ratio R of 6, while the trawler B, equipped with a 2-

speed reduction gear, for sailing used a 5.18 reduction ratio. 

Running engines at maximum driving power trawlers A 

reached a lower speed than trawler B due to the different 

design of the propeller. Comparing gas temperatures T, trawler 

A were overloaded while trawler B were under nominal 

capacity (T = 410°C). during this test also the fuel consumption 

were measured and a 17% of fuel saving were obtained for 

trawler B. During trawling (TABLE 1) trawler A reached a 2.5 

kn speed with the main engine running at 1450 RPM and a 

total towing force (TTF) of about 6 tons. In this conditions the 

main engine were overloaded as the gas temperature reached 

435 °C. the trawler B, changing reduction ratio from 5.2 to 6.3, 

reached a 5 kn towing speed with the main engine running at 

optimal speed and not overloaded (T 400 °C), obtaining a 7 t 

total towing force (TTF). 

III. DUCTED PROPELLER 

For value more than 30 of propeller load parameter BP below 

defined: 

    
  √  

  
      (1) 

 

where N is the propeller revolution speed in rpm, PD is the 

shaft power in HP, VA is the advance speed in knots, it could 

be useful to adopt a nozzle for that propeller can be obtained. 

Especially for heavy loaded propeller such as in trawlers or 

tugboats, where BP may vary between 100 - 190, adopting a 

nozzle can be suitable to reduce power demand and fuel 

consumption, for the same thrust. In TABLE 2, on the basis of 

open propeller diagrams, the comparison between power 

requested PD by two B 4-70 series propellers with same 

diameter (D = 2 m) and pitch over diameter (P/D = 0.8) for the 

same thrust shows a reduction in the power requested PD of 

about 25% and an average reduction of 20% in all the range of 

thrust for the propeller with a 19a NACA profile nozzle. 

Looking at the ratio between power requested by free and 

ducted propeller, the more the thrust increases, the less the PD 

for the ducted propeller instead of the open propeller. This 

solution could be suitable for existing vessels even if a 

reduction of the propeller diameter is needed due to the nozzle 

size. In TABLE 3 the comparison between power requested PD 

by two propellers with different diameter and same pitch over 

diameter (P/D = 0.8) for the same thrust shows that with a 25% 

of reduction in propeller diameter, the power requested by the 

ducted propeller is less than the power requested by the 

conventional propeller about 6% in all the range of thrust, even 

if in bibliography [7] the more the diameter is big the less the 

power requested for the same thrust. Some bollard pull tests on 

a bottom trawler, showed improvements in propeller thrust 

(TABLE 4). The advantages of a ducted propeller lie mainly in 

the possibility of realizing, 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. 

 

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). FOR THE SAME THRUS (T) THE DUCTED PROPELLER 

REQUIRES LESS POWER (PD) THAN THE OPEN PROPELLER. 
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. 

 

TABLE 3.  COMPARISON OF TWO PROPELLERS, AN OPEN B 4-70 

PROPELLER WITH 2 M DIAMETER (D) AND A B 4 – 70 

DUCTED IN NOZZLE 19A PROPELLER WITH A 1.5 M DIAMETER 

(D); BOTH PROPELLERS HAVE A 0.8 PITCH OVER DIAMETER 

RATIO (P/D). FOR THE SAME THRUST (T) ALMOST THE SAME 

POWER (PD) IS REQUIRED BY THE TWO PROPELLERS, EVEN IF 

THE DUCTED PROPELLER REQUIRES A LITTLE BIT LESS 

POWER. 

 

TABLE 4. BOLLARD PULL TEST COMPARISON FOR A BOTTOM TRAWLER 

THAT CHANGED AN OPEN PROPELLER WITH A DUCTED IN 

NOZZLE PROPELLER WITH SAME DIAMETER. FOR EACH 

PROPELLERS REVS (N) THRUST (T) FOR OPEN AND DUCTED 

PROPELLER, TOGHETHER WITH POWER DELIVERED (PD) AND 

THRUST OVER POWER DELIVERED RATIO (T/PD) ARE 

REPRESENTED. 

 

 

T (kg) Ratio

B 4-70       

(D = 2.0 m)

B 4-70/19a         

(D = 2.0 m)

4000 204 172 84%

5000 276 227 82%

6000 355 285 80%

7000 440 346 79%

8000 530 411 78%

9000 625 480 77%

10000 726 551 76%

PD (kW)

T (kg) Ratio

B 4-70       

(D = 2.0 m)

B 4-70/19a         

(D = 1.50 m)

4000 204 199 98%

5000 276 265 96%

6000 355 337 95%

7000 440 414 94%

8000 530 495 93%

9000 625 580 93%

10000 726 669 92%

PD (kW)

N

[rpm]

Free Ducted Free Ducted Free Ducted

385 3380 4240 180 170 18.8 24.9

400 3640 4600 200 192 18.2 24.0

415 3920 4950 225 215 17.4 23.0

T/PD

[kgf] [HP] [kgf/HP]

T PD



IV. HYBRID DIESEL ELECTRIC PROPULSION 

SYSTEM 

Typical propulsion system on board of fishing vessels (Figure 

2) 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 (9) produces the required 

thrust for the different fishing phases, running at different 

speed. 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 fishing condition, at 

least one of the two different phases, imposes a not efficient 

operating point to the engine. 

 

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

flywheel, 3) coupling flange, 4) reduction gear, 5) intermediate 

shaft, 6) stuffing box, 7) stuffing box bulkhead, 8) stern tube, 9) 

propeller. 

Compared to typical diesel propulsion systems, the proposed 

hybrid Diesel-Electric propulsion system Figure 3. consists of 

one or more power units (1 and 2) constituted by a diesel 

engine connected to a brushless permanent magnet 

synchronous generator (3) [8]. Each power unit is connected to 

an inverter which converts line voltage AC into DC. The DC 

bus of the power units are the inputs of the multilevel converter 

(4). A power management system, trough the converter, is able 

to manage in a flexible way the power units and to stabilize 

each of them at an optimal operation point. The propeller is 

driven through a gearbox, or by direct drive, from a brushless 

electric motor (5) sized for maximum power from the power 

units installed. 

 

Figure 3.  Hybrid diesel electric propulsion system layout. The system herein 

proposed has two power units, a diesel engine and a permanent 

magnet synchronous electric generator. Any power unit is managed 

by the inverter which is connected to the electronic part of the 

system through a bus DC. In the electronic part of the system, one 

inverter per power unit receives power from his powert unit and 

transfers the power to the electric engine. The electric engine 

moves the propeller providing the request power on the basis of the 

input by the power management system. 

A. Electric generator 

The electric generator is a brushless type with variable speed. It 

is driven by the diesel engine and produces electric power, 

starting from mechanical power. The electric generator is a 

brushless type with variable speed. It is driven by the diesel 

engine and produces electric power, starting from mechanical 

power. The brushless generator is able to manage the diesel 

engine torque by controlling and setting the tension output 

generated.    

B. Electric engine 

The brushless electric engine is a synchronous engine in which 

the excitation is achieved by permanent magnets on the rotor. 

The stator coil is a three-phase symmetrical. The power of the 

brushless electric engine has to maintain the two fields of 

excitement and armor out of phase with each other. If the phase 

shift is 90° there is the condition of maximum ratio Nm/A, and 

reproduces what happens in the engine continuously. 

Obviously the motor is brushless too, so it is possible to use an 

inverter capable of providing the appropriate voltage to the 

motor to keep the fields in quadrature. All this is achieved 

using a feedback control on the rotatory axis and a sensor for 

measuring the angular position of the rotor, as the encoder. 

C. Bus DC 

Each power units is connected to a bus in continuous, 

consisting of a capacitors bank, which constitutes the input of 

the multilevel inverter. The DC bus has a key role in the 

propulsion system, namely to maintain the balance between the 

power required by the propeller and groups that generated by 

power units (diesel – generator brushless). The control of the 

DC bus voltage allows to generate the reference power that 

each diesel engine has to generate, so that the balance of power 

is effectively maintained. 

 

Figure 4.  Bus DC. Depending on the power requested by the electric engine, 

the bus DC modifies the output tension (Vdc) of the electric power 

unit electric generator 1, in such a way that the power delivered by 

power unit 1 (Pgen1) is always more than the power requested by 

the inverter H (PinvH). 

The DC bus is the interface from electrical power units and 

propeller drive system. The capacitor is charged to a voltage 

that depends on the difference between the current flowing 

from the generator and the one that flows to the inverter. 

Likewise, the energy stored in the capacitor is the integral of 

the difference between the two powers incoming and outgoing: 



  ∫(           )         (2)  

where E is the energy stored in the capacitor, obtained from the 

difference between the power generated by the diesel engine, 

Pgen1 and the power delivered from the inverter devoted, 

PinvH. 

D. .Multilevel converter 

Efficiency is one of the major factors in a designed power 

converter [8]. The multilevel converter has a three-phase 

inverter for each power units. Its function is to receive 

information on the required power from the electric motor that 

drives the propeller and to "control" the operation of power 

units so that they are delivering all the operative power   in a 

condition suitable for all power units involved. 

E. Working system 

The electronic power management system can administrate the 

power units on the basis of the characteristics of the power 

unit’s diesel engines. So that, diesel engines must be 

preliminary tested. Torque, delivered power and specific fuel 

consumption are recorded at different engine loads against 

revolution speed. The experimental data allow to create a map 

of the specific consumption against the delivered power, the 

torque and the revolution speed. This map of specific fuel 

consumption, allows to derive the performance of the diesel 

engine depending on the output power. Test results of a diesel 

engine of 257 kW @ 3800 rpm are shown in Figure 5. Each 

point on the map in Figure 5 corresponds to a specific 

consumption value, referring to a pair of values of torque and 

revolution speed. The area in the center of the map represents 

the lowest specific consumption with 210 g/kWh. The lower 

area of the graph and areas above the central zone are of low 

efficiency. Iso-power black curves represent fraction of the 

nominal power. The relation between specific fuel 

consumption and power delivered has been obtained (Figure 

6) shows the minimum specific fuel consumption of the diesel 

engine for any output power in optimal operating conditions. 

The power output is expressed in terms of fraction of the 

nominal power. It can be noted that the best operating 

condition for the engine tested is around 0.4 p.u., 

corresponding to an output of 100 kW. This result is 

confirmed in Figure 5 where the area with minimum specific 

fuel consumption is crossed by the 0.4 p.u. curve. 

To obtain the minimum overall fuel consumption each diesel 

engine must run as much as possible in a range of speed of 

0.73 – 0.8 referred to the maximum speed (2774 – 3040 rpm), 

while the torque must be of 0.4 – 0.55 of the maximum (1976 

– 2230 Nm). Power management system controls power units 

in order to determine how much power each one must provide. 

Figure 6 represents the lowest specific fuel consumption 

obtainable against power requested. Known the power request, 

the subdivision of this power among power units is operated 

by a variable parameter k, called "Power Sharing coefficient". 

 

 

Figure 5. Fuel consumption map of the 257 kW engine tested (For 

interpretation of the references to color in this figure legend, the 

reader is referred to the PDF version of the paper). Each point 

representsa specific fuel consumption value on the basis of the 

engine speed and the torque (which are represented as a part of 

their maxima), iso-power curves (black lines) represents the 

nominal power delivered (expressed as a part of the maximum 

power.  

 

Figure 6. Specific fuel consumption against power delivered expressed as a 

fraction of the nominal power. In order to relate specific fuel 

consumption and power delivered by the diesel engines, data 

represented in the map of Figure 5 are processed. For any power 

delivered by the diesel engines preliminary studied, the minimum 

overal specific fuel consumption is obtained. 

F. Power Sharing Coefficient  

The subdivision of this power among power units is operated 

by a variable parameter k, called "Power Sharing coefficient" 

(Figure 7). Relating Power Sharing coefficient k to the 

required power, Power sharing coefficient trend is obtained 

against power required. In Figure 8, when k = 0 only one 

power unit is running; when k = 0.5, both units deliver the 

same power. 

 

 

Figure 7.  Power sharing coefficient. On the basis of the power requested by 

the propeller (Pprop), the power that must be provided to the 

electric engine (Pgen) is obtained, taking into account the propeller 

efficiency η. For each power requested, taking into account the 

relation between the specific fuel consumption and the power 

delivered (Figure 6), the power management system will manage 

the sharing of the power from the power units through a Power 

sharing coefficient K. 



 

Figure 8.  Power Sharing coefficient trend. Data obtained from diesel engine 

tests must be processed in such a way that the sharing of power 

corresponds to the minimum overall specific fuel consumption.  

In  there are three areas in which k is kept equal to around 0.5:  

 The first zone, about 60 kW, is only transitional. 

 The second zone, between 160 and 210 kW, the 

diesel engine has low consumption if maintained at 

about 100 kW; 

 The third area is related to the maximum power 

request. 

G. Start up 

A system of assigned size, configured with two power units is 

analyzed from start up to maximum power. The diagram in 

Figure 9 shows three curves. Two of them describe the trend of 

the output power from the two power units, the third is the 

trend of their sum. From time t = 0 s to time t = 16 s only one 

unit (Power unit 2) is active and then the Power unit 1 and the 

Total power coincide. After t = 16 s, Power unit 1 has reached 

its optimal condition (100 kW = 0.4 p.u.), so the Power unit 1 

starts. The Total power curve branch off from Power unit 2 

curve. Increasing power to be delivered up to the maximum, 

power units will run at their maximum. 

 

Figure 9. Hybrid system startup. (For interpretation of the references 

to color in this figure legend, the reader is referred to the 

PDF version of the paper). 

V. DISCUSSION  

Any possibility to increase the energy efficiency could make 

the difference between positive or negative economic balance. 

Many fishing vessels propulsion systems with fixed pitch 

propellers are obsolete and energy-intense. Improvements 

could be achieved with technologies like controllable pitch 

propellers, bulbous bows [10] and ducted propellers and multi 

speed reduction gears. Also innovations such as the herein 

reviewed hybrid diesel electric propulsion system can 

contribute to the reduction in fuel consumption. Many of the 

above mentioned technical solution are well known as well as 

their possible contribution to the fuel saving. Furthermore 

continuously increasing in fuel prices must renew attention to 

any considerable technical change and improvement. Despite 

this logical conclusion, Italian fishermen are not interested in 

such “new” technologies, probably due to a suspicion and a 

tradition issue. It is important to note that the more the fuel 

price increase, the more the profitability increase adopting 

improvements even if they could be expensive. Many 

technological solution herein reviewed are validated by 

experimental tests. Relating to the hybrid propulsion system, 

prototypal tests carried out have demonstrated the validity of 

the proposed hybrid propulsion system, from a technical point 

of view. A fuel saving up to 10% was experimentally achieved 

during laboratory tests. Now it is necessary to continue tests 

onboard a commercial fishing vessels for tests at sea and 

evaluating also overall costs of this system, elaborating a 

business plan. A propulsion system consisting of few power 

units suggests further advantages. First of all it is possible to 

include in the total amount of power installed the auxiliary 

power generator, usually of low efficiency. Shaft and 

reduction gear are lacking then reducing weights and 

maintenance costs. Furthermore, even if a power unit would 

be damaged, others will warrant a minimum thrust. Noise, 

pollution and vibration can be reduced. Weights onboard 

could also organized in a better way, improving sea keeping 

and stability. 
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