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ANALYSIS OF ENERGY USE IN ITALIAN FISHING 
VESSELS

A. SALA, E. NOTTI, G. BUGLIONI 
Consiglio Nazionale delle Ricerche, Istituto di Scienze Marine, (CNR-ISMAR), 
2, Largo Fiera della Pesca, Ancona, 60125, Italy 

Abstract
Recent oil price increases have brought renewed attention to energy-saving 
methods in the fishing industry. Due to the European commission restrictions on 
new constructions, the major opportunities for reducing fuel consumption are 
chiefly related to improving vessel operation rather than commissioning new en-
ergy saving vessels. Large number of fishing vessels is not efficient usually be-
cause of outdated technology. Fuel efficiency directly affects emissions causing 
pollution by affecting the amount of fuel used. In the current experiment some 
fishing vessels, representing the various fleet sectors of the Italian fisheries, 
were selected for the fuel efficiency audit. The vessels were divided on the basis 
of type of fisheries and vessel size. An energy audit template was developed to 
assess the main vessel and equipment features: engine usage, trip scheduling, 
propeller, etc. Onsite visual inspections were performed during the audit. during 
the fishing cruises a data acquisition system allowed to record and diagnose the 
vessels work parameters, offering a real-time dynamics. Subsequently detailed 
analysis of energy usage was carried out. In order to assess the energy perform-
ance, two energy indicators were proposed: energy consumption indicator (ECI 
[kJ/(GT·kn)]) and the fuel consumption indicator (FCI [l/(h·GT·kn)])  

Keywords
energy audit, fuel comsumption, efficiency, vessel monitoring system (VMS), 
Mediterranean fisheries 

Introduction 
With the costs of operating a fishing enterprise rising steadily over the past dec-
ade, particularly for trawlers, it is crucial for fishermen to find ways to save on 
fuel in every possible way (Fiorentini et al., 2004; Messina and Notti, 2007). 
The amount of energy used by a fishing vessel will vary depending on the size 
(and engineering) of the vessel, weather, fishing gear, location, skill and knowl-
edge. Due to the high fuel consumption in combination with high fuel prices, the 
trawlers are not profitable and viable anymore (Thomas et al, 2009). Improving 
the fishing vessel’s efficiency at acceptable levels calls for technological inter-
ventions, mainly aimed at reducing the fuel consumption. The propulsion sys-
tems employed by most of fishing vessels are based on conventional fixed pitch 
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propellers driven, through a reduction gear, by four-stroke medium-high speed 
diesel engines. The convenience of diesel oil, as energy source, is due to it hav-
ing a high volumetric energy density and being liquid that is safe to handle, easy 
distribute and store. Energy efficiency has a direct impact on business operating 
costs and affects the bottom line of every business, in particular for fishing. Pro-
duction and use of energy also has a significant impact on the environment. En-
ergy use is not only an economical issue but also environmental conservation is-
sue. The combustion of fossil fuels for these activities produces emissions of 
various greenhouse gases including carbon dioxide (CO2), carbon monoxide 
(CO), oxides of nitrogen (NOx), sulphur dioxide (SO2), and non-methane vola-
tile organic compounds (NMVOCs). The main goal of the Kyoto Protocol is to 
achieve sustainable management of natural resources in order to reduce the 
emissions of greenhouse gases, in particular to reduce the emissions of carbon 
dioxide (CO2) from fossil fuel combustion. Energy auditing are currently used 
by land-based businesses, industries and households to investigate energy use 
and to identify opportunities for cost-effective in the use of energy (Parente et 
al., 2008; Thomas et al., 2009). The primary goal of this work is to generate an 
energy audit system for fishing vessels.  

Materials and methods 

Vessels monitored and on-site investigations 
The current study has been mainly conducted for research purpose to investigate 
energy use and to identify opportunities for improving effectiveness in the use of 
energy. Six vessels were selected for the energy efficiency audits representing 
the main fleet sectors throughout the Adriatic coast fishery of the Marche Re-
gion. Three vessels were involved in bottom trawling and other three in pelagic 
pair-boat trawling, with the latter belonging to two different pair trawlers. Table 
1 shows the main characteristics of the fishing vessels monitored. Following the 
determination of the vessels to be analyzed, an energy audit template was devel-
oped to assess all the main features of the vessels (engine, propeller and gear 
characteristics, hull type and design, etc.). On-site vessel investigations for a de-
tailed analysis of energy usage were made during typical commercial round 
trips, which for a trawlers consists of several fishing operations (steaming, 
trawling, sailing, etc.). 
 
 
 
 
 
 

DEMAT ´11 METHODS AND CONCEPTS FOR ENERGY REDUCTION

298



Table 1 
Main characteristics of the monitored fishing vessels. LOA: length overall; LPP: 
length between perpendiculars; B: maximum beam; GT: gross register tonnage; 
PB: engine brake power; D: diameter of the propeller. OTB: bottom otter 
trawler; PTM: midwater pair trawler. 

  LOA LPP B GT PB D 
  [m] [m] [m] [-] [kW] [m] 
OTB1 21.50 17.02 5.72 82 478 1.78 
PTM1 28.60 21.20 6.85 99 940 2.18 

OTB2 22.80 19.58 6.21 91 574 1.80 
PTM2 28.95 24.32 6.86 138 940 2.20 

OTB3 21.50 17.02 5.72 82 478 1.78 
PTM3 26.5 21.46 6.80 96 870 2.20 

 

Energy performance indicators 
Overall energy consumption is the result of complex web of issue affecting each 
fishing business. All these aspects interact in term of costs and benefits to the 
viability and profitability of the business. In order to obtain a broad picture of 
the operation’s outputs and energy input, the audit process can evaluate the 
energy consumption of vessels. The audit can determine also whether energy use 
is reasonable or excessive among fishing vessels. In order to assess the energy 
performance, two customized energy indicators were defined and calculated. 
The first is an energy consumption indicator, named ECI ([kJ/(GT·kn)]), which 
is the overall energy used every 5 seconds, on the basis of the acquisition system 
setup, standardized for the gross tonnage and the speed of the vessel. The second 
is a fuel consumption indicator, named FCI ([l/(h·GT·kn)]), which is the fuel 
consumption standardized for the gross tonnage and the speed of the vessel. The 
values of energy performance indicators, ECI and FCI, in steaming and trawling 
condition are summed. Evaluating and ranking the energy performance of 
fishing vessels is useful for research purposes. 

Data collection and metering devices
The data collection system was conceived at CNR-ISMAR of Ancona (Italy) 
and consist of a hydraulic and electric power analyzer, a shaft power meter, two 
load cells for drag resistance, two flow meters for fuel consumption and a GPS 
data logger. The instruments were linked by RS232/485 serial ports to a per-
sonal computer, which automatically control data acquisition and provide the 
correct functioning of the system in real time through an appropriately devel-
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oped program. The hydraulic and electric power analyzer consists of a sensor 
array that provides flow and pressure signals, and two clamp-on ammeters for 
measuring the real supply from the alternator connected with the main diesel en-
gine. The shaft power meter has a battery powered shaft-mounted strain gauge, 
which utilizes a short range radio transmission for data (torque and rotational 
speed) transfer from the rotating shaft to a data recorder. The shaft-mounted 
strain gauge was powered by a 1600 mAh 4.8V NiMH battery pack and it is re-
movable for a quick replacement and charging. The battery pack can give to the 
transducer a run time of approximately four weeks. Shaft rotational speed is 
measured by the recorder, which has an optical proximity sensor, giving a signal 
of one pulse per shaft revolution. In order to determine the effective fuel con-
sumption in real-time, two portable ultrasonic flow meters were installed to 
evaluate the flow inlet and outlet of the main Diesel engine. The ultrasonic flow 
meter consists of one transmitter and two sensors (Fig. 1). The transmitter is 
used both to control the sensors and to prepare, process and evaluate the measur-
ing signals, and to convert the signals to a desired output variable. The sensors 
work as sound transmitters and sound receivers and have been arranged for 
measurement via two traverses as in Fig. 1. 
 

 
 

Figure 1 
Portable ultrasonic flow meter system (right) with two acoustic sensors (a, b) for 
measuring the volume flow (Q=v·A) of the fluid from the pipe cross-sectional 
area (A) and the flow velocity (v) obtained by the transit time difference (|t=ta-
tb; |t~v). Mounting arrangement (left) for measurement via two traverses. The 
measuring system calculates the volume flow of the fluid from the measured 
transit time difference and the pipe cross-sectional area. In addition to measuring 
the transit time difference, the system simultaneously measures the sound veloc-
ity of the fluid. This additional measured variable can be used to distinguish dif-
ferent fluids or as a measure of product quality. Two electronic load cells were 
used to measure the warp loads during fishing operations. After shooting, load 
cells were mounted on the warps in order to measure the total gear drag resis-
tance.  
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Machinery room’s layout
The engine room is the heart of the ship providing mechanical, hydraulic and 
electrical power for the entire vessel (Fig.  2). Generally is located aft ship and 
contains the main diesel engine coupled to a fixed pitch propeller through a re-
duction gearbox with inverter. Electrical generators, hydraulic pumps and other 
machineries are connected to fore engine power take-off (Fig. 3). 

Figure 2 
Typical engine room layout and location of the metering devices used during the 
current energy audit study PC: shaft power meter system with laptop and GPS 
device; FDL: ultrasonic flow meter systems; HE: hydraulic and electric  power 
analyzer. 

Results
The performance of monitored vessels was evaluated during typical daily fishing 
trip. This allowed for a full characterization of an average trip for each vessel. 
Fig. 3 and Table 2 show the higher power-demanding of a pelagic trawler during 
towing operations. Vessel PTM1 has the same engine power of PTM2 but it 
tows a smaller pelagic trawl net. In particular, the mean total towing force is 
around 7200 kgf and 5700 kgf respectively for PMT2 and PTM1. While bottom 
trawlers OTB1 and OTB2 have similar towing forces (around 3800 – 4000 kgf).  
The higher delivered power (PD) might be caused by the efficiency of the pro-
peller system. In general during trawling the three pelagic vessels had higher 
fuel consumption rates (105-126 l/h) than bottom trawlers (60-65 l/h). The pa-
rameters recorded during the sailing phase are displayed in Fig. 4. Afterwards, 
regression analysis of sailing data at different speed have been carried out and a 
comparison at 10 kn is reported in Table 3. Higher energy use of pelagic vessels 
(85-95 l/h) compared to bottom trawlers (around 55 l/h) is due to higher vessel- 
and engine-size (Table 3). Table 4 reports the ranks of the vessels monitored in 
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terms of the energetic indicators ECI and FCI. OTB1 has the lowest ECI value 
(5.42 kJ/(GT·kn)) while it has a second rank for the FCI (256.4 l/(h·GT·kn)). 
OTB2 has the lowest FCI (244.1 l/(h·GT·kn)) while it has the third rank for FCI 
(6.66 kJ/(GT·kn)). OTB1 has 5.42 and 256.4 for ECI and FCI, respectively, and 
it is followed by the pelagic trawler PTM2 (ECI=6.55; FCI=268.1, see Table 4). 
The high values of both ECI and FCI for the three pelagic trawlers PTM1, 
PTM2 and PTM3 (Table 4) allowed a low energy performance characterization 
of this fisheries, even if the ranks of ECI and FCI are not consistent throughout 
the two pelagic trawlers. Due to the high flow speed in the fuel supply circuit of 
the main engine of PTM3, fuel consumption and FCI indicators vary in a fairly 
wide range, although the average value is consistent with the other vessels.  
 

Table 2 
Mean (in bold) and standard deviation (in italics) of vessel speed VS, power de-
livered PD, fuel consumption FC, total towing force TTF, energy consumption 
index ECI and fuel consumption index FCI during trawling. OTB: bottom otter 
trawler; PTM: midwater pair trawler. 

VS PD FC TTF ECI FCI
[kn] [kW] [l/h] [kg] [kJ/(GT·kn)] [l/(h·GT·kn)]

OTB1 3.81 248.3 59.8 3994 4.08 191.9
0.21 26.0 3.5 186 0.45 12.6

PTM1 3.80 341.9 91.7 4983 4.22 245.5
1.40 132.2 35.5 1902 1.62 17.4

OTB2 2.52 219.3 40.6 2250 3.39 163.2
1.82 158.6 30.9 1881 2.46 58.0

PTM2 4.42 620.4 126.1 7218 5.13 206.8
0.22 20.5 2.6 299 0.32 10.2

OTB3 3.68 280.9 59.6 3814 4.71 198.0
0.34 39.2 11.0 509 0.42 29.7

PTM3 4.84 390.8 126.6 5260 4.49 272.4
0.10 9.3 14.6 309 0.14 31.7  
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Table 3 
Estimated values at 10 kn of vessel speed: power delivered PD, fuel consump-
tion FC, energy consumption index ECI and fuel consumption index FCI during 
the sailing phase. OTB: bottom otter trawler; PTM: midwater pair trawler. 

PD FC ECI FCI
[kW] [l/h] [kJ/(GT·kn)] [l/(h·GT·kn)]

OTB1 217 54.1 1.33 64.5

PTM1 366 94.0 1.93 95.9

OTB2 268 55.4 1.51 59.7

PTM2 378 84.5 1.41 61.3

OTB3 429 72.4 2.57 88.1

PTM3 300 78.9 1.70 117.8  
 
 
 
 

Table 4
Energy consumption index ECI, fuel consumption index FCI and their respec-
tive ranking for each monitored vessel. OTB: bottom otter trawler; PTM: mid-
water pair trawler. 

ECI FCI
[kJ/(GT·kn)] [l/(h·GT·kn)]

OTB1 5.42 1 256.4 2

PTM1 6.15 5 341.4 5

OTB2 4.90 3 223.0 1

PTM2 6.55 4 268.1 3

OTB3 7.28 6 286.1 4

PTM3 6.19 2 390.2 6

Rank Rank
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Figure 3 
Energy consumption index ECI during the trawling phase. Fuel consumption in-
dex FCI, power delivered PD and fuel consumption FC are displayed versus to-
tal towing force TTF. OTB: bottom otter trawler; PTM: midwater pair trawler. 
(For interpretation of the references to color in this figure legend, the reader is 
referred to the PDF version of the paper). 
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Figure 4 
Energy consumption index ECI during the sailing phase, fuel consumption index 
FCI, power delivered PD and fuel consumption FC are displayed versus vessel 
speed VS. OTB: bottom otter trawler; PTM: midwater pair trawler.  
(For interpretation of the references to color in this figure legend, the reader is 
referred to the PDF version of the paper). 

Conclusions
This paper reports on the development of an energy audit system for fishing ves-
sels. The new energy auditing system was set up for research purpose in order to 
evaluate the energy performance of fishing vessels under different operating 
conditions as well as to identify the flow and the amount of energy supplied.  
In agreement with Prat et al. (2008) and Sala et al. (2009; 2011), it appears that 
there is an unexploited potential for fuel savings. For example, the energy per-
formance indicators have shown large differences in fuel consumption within 
each fishery, in the future it is worth further analyzing the possibilities of chang-
ing some of the least efficient vessels, in particular, relating to the propulsion 
system and the propeller design. The information provided in the current paper 
might suggest several ways for achieving fuel-use reductions: such as technical 
improvements in the efficiency of ship engines, substitution of fishing gear 
types, and innovation and research into better fishing practices.  
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Abstract
Due to the poor state of the fishery resources, trawlers are not profitable as they 
use to be. One way of improving their profitability is to reduce operational costs, 
especially by reducing fuel consumption. A number of fishing vessels is not 
efficient usually because of their outdated technology. Due to the European 
Commission restraints to new constructions, the major opportunities for 
reducing fuel consumption are chiefly related to an improvement of the vessel’s 
propulsion systems. A technical feasibility of a new propulsion system 
architecture have been 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. Trough 
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. 

Keywords
Energy saving, fisheries, hybrid diesel electric propulsion system, fuel saving, 
GHG reduction 
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Introduction 
Since the 1970s oil crisis, attention has been given to energy saving in trawlers, 
especially to hull resistance (Kasper, 1983) and propulsion systems. Generally, 
the propulsion system of a trawler consists of a medium or high speed diesel 
engine, dimensioned to allow the ship to reach the maximum speed while 
delivering its maximum power at the maximum revolution speed.  
During trawling, the main engine runs at low revolution speed, delivering less 
power than required when cruising. Time spent fishing is a larger amount than 
the time spent sailing to and from fishing grounds. So, the main engine mostly 
runs partially loaded and does not efficiently work in terms of specific fuel 
consumption. Should it possible to mechanically separate the main engine from 
the propeller, diesel engine would be able to run at optimal speed, while 
propeller receives the suitable torque and rpm to generate the required thrust. 
This is the main goal of the typical hybrid propulsion system.  
The hybrid system herein proposed, has two power generation units, coupling a 
diesel engine to an electric brushless synchro generator, with variable speed. 
However, more power units will be installed, depending on the power needed. 
With the electric power produced trough the power generator units, an electric 
engine, coupled to the propeller, produces the mechanical power required for 
propulsion with appropriate torque and rpm. On the basis of the power required 
by the propeller, the electronic management system coordinates the power units 
by imposing on each of them an operating point that minimizes the overall 
specific fuel consumption. The main goal of this propulsion system architecture 
is that the electronic management system is able to evaluate the optimal 
operating point of the power units installed related to the power request.  
The most effective actions to reduce fuel consumption are focused on hull 
design (bulbous bow, high hydrodynamic efficiency) and propeller design 
(controllable pitch propeller, ducted propeller, Grim wheel etc) (Messina and 
Notti, 2007). Nevertheless, some of them cannot be made on an existing vessel. 
An important feature of this system is the possibility of a “re-dumping” of 
existing fishing vessel’s propulsion system. 
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Materials and methods 

Propulsion system architecture
Typical propulsion system (Fig. 1) on board of fishing vessels consists of a high 
speed marine diesel engine (1) that, trough 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 
blade propeller could be optimized only for one operative condition, at least one 
of the two different phases, trawling or sailing, 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) stuffing box, 7) 
stuffing box bulkhead, 8) stern tube, 9) propeller. 

Compared to typical diesel propulsion systems, the proposed hybrid Diesel-
Electric propulsion system Fig. 2 consists of one or more power units (1 and 2) 
constituted by a diesel engine  connected to a brushless permanent magnet 
synchronous generator (3) (Rossi et al. 2008a; 2008b). 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 a 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. 
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Figure 2 
Hybrid propulsion system. 

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. 
Thanks to its ability to, the brushless generator is able to manage the diesel 
engine torque by controlling and setting the tension output generated.   

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. 

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.  
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Figure 3 
Bus DC. 

 
The role of the DC bus, then, is to interface the electrical power units with the 
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: 

E = �(Pgen1 – PinvH)dt (1) 

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. 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. 

Multilevel converter 
Efficiency is one of the major factors in a designed power converter (Faiz et al, 
1999) 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. 
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Results 

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 Fig. 4. 
 

 

Figure 4 
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 on the map in Fig. 4 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. By 
the processed data, the relation between specific fuel consumption and power 
delivered has been obtained (Fig. 5). 

210 g/kWh 

255 g/kWh 

235 g/kWh 
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Fig. 5 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 Fig. 4 where the area with 
minimum specific fuel consumption is crossed by the 0.4 p.u. curve. So that, to 
obtain the minimum fuel consumption for each engine, 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 the power 
units in order to determine how much power each of them must provide. For 
each power request, Fig. 5 represents the lowest specific fuel consumption 
obtainable. 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 against power developed expressed as a fraction of the 
nominal power. 
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Figure 6 
Power sharing coefficient.  

Through a series of algorithms relating Power Sharing coefficient k to the 
required power, Power sharing coefficient trend is obtained against power 
required. K values range between 0 and 0.5. When k = 0 only one power unit is 
running; when k = 0.5, both units deliver the same power. In Fig. 7 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, as we have seen in Fig. 4 
and in Fig. 5. 

� The third area is related to the maximum power request. 
 
 

 

Figure 7 
Power Sharing coefficient trend. 
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An example will clarify the operating principle of the system set out above.  
A system composed of two power units, each one equipped with a 257 kW 
diesel engine, must deliver 200 kW. Each power unit could supply the requested 
power with a specific fuel consumption of 230 g/kWh. Each diesel engine, at the 
minimum specific fuel consumption operating point, provides 100 kW with a 
specific fuel consumption of 210 g/kWh. So both engines will be used, each 
delivering 100 kW. As a result, the total power has been delivered, under 
optimal conditions with a 10% of fuel saved. 

Start up 
To better understand the power management, a system of assigned size, 
configured with two power units is analyzed from start up to maximum power. 
The diagram in Fig. 8 shows three curves. Two of them describe the trend of the 
output power from the two power units, while the third is the trend of their sum. 
From time t = 0 s to time t = 16 s only one unit (Power unit 1) 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 2 starts. The Total power curve branch off from Power 
unit 1 curve. Increasing power to be delivered up to the maximum, power units 
will run at their maximum. 
  
 

 

Figure 8 
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). 

 

METHODS AND CONCEPTS FOR ENERGY REDUCTION DEMAT ´11

339



Discussion  
Due to the actual economical crisis, 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 and ducted propellers etc. The 
study proposed demonstrated the technical feasibility of a new propulsion 
system concept. The innovation of the system herein proposed lies in few power 
units instead of a single main engine. Moreover, the power management sets 
power units at optimal operating point in every fishing activity. A fuel saving up 
to 10% was experimentally achieved. Supposing a daily consumption of 1000 
l/day (tipical fuel consumption of a 35 m LOA pair trawl fishing vessel), four 
days per week and four week per month, theoretically the fuel consumption can 
be reduced of about 1600 l/month, corresponding to 1120 €/month, at a rate of 
0,70 €/l. The yearly economic saving will reach about 11000 €/year. Due to the 
continuous rising up of the fuel price, the more the fuel price increase the more 
the fuel saving obtained will be useful.  
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. 

Future work 
Prototypal tests carried out have demonstrated the validity of the proposed 
hybrid propulsion system, from a technical point of view. 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. 
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