
1043

Sustainable Maritime Transportation and Exploitation of Sea Resources – Rizzuto & Guedes Soares (eds)
© 2012 Taylor & Francis Group, London, ISBN 978-0-415-62081-9

E-Audit: Energy use in Italian fishing vessels
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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 oppor-
tunities for reducing fuel consumption are chiefly related to improving vessel operation rather than com-
missioning new energy saving vessels. Large number of fishing vessels is not efficient usually because 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outdated technology.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 performance, two energy indicators were proposed: energy consumption 
indicator (ECI [kJ/(GT ⋅ kn)]) and the fuel consumption indicator (FCI [l/(h ⋅ GT ⋅ kn)]).

including carbon dioxide (CO2), carbon monoxide 
(CO), oxides of nitrogen (NOx), sulphur dioxide 
(SO2), and non-methane volatile organic com-
pounds (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 opportuni-
ties 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.

2 MATERIALS AND METHODS

2.1 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. Four vessels were selected for 
the energy efficiency audits representing the main 
fleet sectors throughout the Adriatic coast fishery 
of the Marche Region. Two vessels were involved in 
bottom trawling and other two in pelagic pair-boat 
trawling, with the latter belonging to two different 
pair trawlers. Table 1 shows the main characteris-
tics of the fishing vessels monitored.

1 INTRODUCTION

With the costs of operating a fishing enterprise 
rising steadily over the past decade, 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 knowledge. 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 interventions, mainly aimed 
at reducing the fuel consumption. The propulsion 
systems employed by most of fishing vessels are 
based on conventional fixed pitch propellers driven, 
through a reduction gear, by four-stroke medium-
high speed diesel engines. The convenience of die-
sel oil, as energy source, is due to it having 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 oper-
ating costs and affects the bottom line of every 
business, in particular for fishing. Production and 
use of energy also has a significant impact on the 
environment. Energy use is not only an economi-
cal issue but also environmental conservation issue. 
The combustion of fossil fuels for these activities 
produces emissions of various greenhouse gases 
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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 detailed analysis of energy usage were made 
during typical commercial round trips, which for 
a trawlers consists of several fishing operations 
(steaming, trawling, sailing, etc.).

2.2 Energy performance indicators

Overall energy consumption is the result of com-
plex 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 rea-
sonable 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.

2.3 Data collection and metering devices

The data collection system was conceived at CNR-
ISMAR of Ancona (Italy) and consist of a hydrau-
lic 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 personal computer, which automatically 
control data acquisition and provide the correct 
functioning of the system in real time through an 
appropriately developed 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 engine. 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 4.8 V NiMH battery pack and it is 
removable 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 consumption in real-time, two 
portable ultrasonic flow meters were installed to 
evaluate the flow inlet and outlet of the main Die-
sel engine. The ultrasonic flow meter consists of 
one transmitter and two sensors (Figure 1). The 
transmitter is used both to control the sensors and 
to prepare, process and evaluate the measuring sig-
nals, 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 Figure 1.

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 
velocity of the fluid. This additional measured 

Table 1. Main characteristics of the monitored fishing 
vessels. LOA: length overall; LPP: length between perpen-
diculars; 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 

[m]
LPP 

[m]
B 
[m]

GT 
[-]

PB

[kW]
D
[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

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 (Δt = ta− tb; Δt∼v). Mounting arrangement 
(left) for measurement via two traverses.
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variable can be used to distinguish different fluids 
or as a measure of product quality. Two electronic 
load cells were used to measure the warp loads dur-
ing fishing operations. After shooting, load cells 
were mounted on the warps in order to measure 
the total gear drag resistance.

2.4 Machinery room’s layout

The engine room is the heart of the ship provid-
ing mechanical, hydraulic and electrical power for 
the entire vessel (Figure 2). Generally is located aft 
ship and contains the main diesel engine coupled 
to a fixed pitch propeller through a reduction gear-
box with inverter. Electrical generators, hydraulic 
pumps and other machineries are connected to 
fore engine power take-off  (Figure 2).

3 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. Figure 3 and Table 2 show the 
higher power-demanding of a pelagic trawler dur-
ing 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 propeller system. In 
general during trawling the two pelagic vessels had 
higher fuel consumption rates (105–126 l/h) than 
bottom trawlers (60–65 l/h).

The parameters recorded during the sail-
ing phase are displayed in Figure 4. Afterwards, 

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: hydrau-
lic and electric power analyzer.
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Figure 3. Energy consumption index ECI during the 
trawling phase. Fuel consumption index FCI, power 
delivered PD and fuel consumption FC are displayed ver-
sus total towing force TTF. OTB: bottom otter trawler; 
PTM: midwater pair trawler.

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 



1046

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 is followed by the pelagic trawler PTM2, 
which has 5.42 and 256.4 for ECI and FCI, respec-
tively. The high values of both ECI and FCI for the 
two pelagic trawlers PTM1 and PTM2 (Table 4) 
allowed a low energy performance characteriza-
tion of this fisheries, even if  the ranks of ECI and 
FCI are not consistent throughout the two pelagic 
trawlers.

Table 3. Estimated values at 10 kn of vessel speed: 
power delivered PD, fuel consumption FC, energy con-
sumption index ECI and fuel consumption index FCI 
during the sailing phase. OTB: bottom otter trawler; 
PTM: midwater pair trawler.

PD
[kW]

FC
[l/h]

ECI
[kJ/(GT⋅kn)]

FCI
[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

Table 4. Energy consumption index ECI, fuel con-
sumption index FCI and their respective ranking for 
each monitored vessel. OTB: bottom otter trawler; PTM: 
midwater pair trawler.

ECI
[kJ/(GT⋅kn)] Rank

FCI 
[l/(h⋅GT⋅kn)] Rank

OTB1 5.42 1 256.4 2

PTM1 6.75 4 341.4 4

OTB2 6.66 3 244.1 1

PTM2 6.55 2 268.1 3
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Figure 4. Energy consumption index ECI during the 
sailing phase, fuel consumption index FCI, power deliv-
ered PD and fuel consumption FC are displayed versus 
vessel speed VS. OTB: bottom otter trawler; PTM: mid-
water pair trawler.

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

VS
[kn]

PD
[kW]

FC
[l/h]

TTF
[kg]

ECI [kJ/
(GT⋅kn)]

FCI [l/
(h⋅GT⋅kn)]

OTB1 3.81 248 59.8 3994 4.08 191.9

0.21 26 3.5 186 0.45 12.6

PTM1 4.28 391 104.8 5693 4.82 245.5

0.18 30 8.1 293 0.30 17.4

OTB2 3.82 332 64.1 3776 5.15 184.4

0.09 11 4.9 270 0.20 14.7

PTM2 4.42 620 126.1 7225 5.14 206.8

0.17 21 2.6 184 0.28 10.2

trawlers (around 55 l/h) is due to higher vessel- and 
engine-size (Table 3).

Table 4 reports the ranks of the vessels moni-
tored in terms of the energetic indicators ECI and 



1047

4 CONCLUSIONS

This paper reports on the development of an 
energy audit system for fishing vessels. The new 
energy auditing system was set up for research pur-
pose in order to evaluate the energy performance 
of fishing vessels under different operating condi-
tions 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 unex-
ploited potential for fuel savings. For example, the 
energy performance indicators have shown large 
differences in fuel consumption within each fish-
ery, in the future it is worth further analyzing the 
possibilities of changing some of the least efficient 
vessels, in particular, relating to the propulsion sys-
tem 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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