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Replacing � shing vessels 
with new and more e�  cient 
constructions is not possi-

ble due to European Commission 
regulations. Fishermen can reduce 
fuel consumption only by reduc-
ing � shing vessels energy usage. 
� e total amount of energy used by 
a � shing vessel will vary depend-
ing on the size (and engineering) 
of the vessel, weather conditions, 
type and size of � shing gears, loca-
tion, skill, and knowledge. Fur-
thermore, similar � shing vessels 
could have di� erent energy usage, 
due to di� erent engineering solu-
tions such as di� erent hull design 
and propulsion systems, di� erent 
propeller types and sizes, di� erent 
techniques and tactics. To achieve 
energy saving on existing � shing 
vessels a methodical approach is 
necessary.

Start by defi ning the 
energy profi le

First of all, it is necessary to de� ne 
the energy pro� le of the vessel. 
Once the energy pro� le is de� ned 
it is possible to state how energy 
(and the fuel) is used and heavy 
energy users can be identi� ed. For 
these energy users technological 
improvements can be discussed 
and solutions proposed. � ese 
solutions must also be evaluated 
from an economic point of view 
with a business plan, taking into 

account economic savings and 
investment costs. � e energy pro-
� le is de� ned through an energy 
audit, an engineering test for the 
monitoring of energy usage dur-
ing normal � shing activities. 

� e � shing technology unit of 
the National Research Institute 
(CNR – ISMAR) of Ancona, Italy, is 
deeply involved in energy saving 
in � sheries. An energy audit tem-
plate was conceived and applied 
to some � shing vessels. � e main 
goal is to de� ne the energy pro-
� les of the central Adriatic � sh-
ing � eet as a baseline for further 
analysis, aimed mainly at � nding 
and evaluating improvements.

� e energy audit is organized in 
few steps. A preliminary interview 
of � shermen is necessary to col-
lect information about vessel size, 
power, propulsion system, target 
species, activities, crew, machin-
ery on board etc. A measurement 
kit is prepared according to the 
vessel characteristics. During 
 normal � shing activities energy 
users are monitored with data col-
lection software that controls and 
synchronises the data acquired. It 
is also necessary to write a regis-
try event to relate speci� c energy 
usage to a particular event (sail-
ing, trawling, hauling, search-
ing phases). � e data acquired 
is processed to de� ne the energy 

 consumption and the energy pro-
� le of the vessel. � e energy pro� le 
is de� ned using two energy per-
formance indicators. With these 
indicators it is possible to evalu-
ate future improvements on the 
energy usage. 

Four Adriatic 
vessels participate 

in investigation

From January to June 2011 four 
vessels were audited for energy 
use representing the main � eet 
sectors in the Adriatic coast � sh-
ery of the Marche Region. Two 

vessels are involved in bottom 
trawling and other two in pelagic 
pair-boat trawling, with the latter 
belonging to two di� erent pair 
trawlers. Table 1 shows the main 
characteristics of the � shing ves-
sels monitored. 

During the energy audits four 
parameters were measured: the 
fuel consumption, the power 
required for the propulsion, the 
hydraulic power used by rope 
winch and net winch, electric 
power used by electric uses such 
as water pumps for main deck, 
light, hotel etc. During the � shing 

  Energy audits on board fi shing vessels

Energy profi ling can lead to reduced 
fuel consumption
The current situation in the fi shing industry is very problematic due to several factors. Overfi shing and the economic crisis affect 
revenues, while the obsolescence of fi shing vessels and their high fuel consumption combined with the continuous rise in fuel prices 
increase management costs. For many fi shermen the trade is not profi table at the moment. Due to the impossibility of infl uencing 
the market, fi shermen can only try to reduce the costs of their activities, mainly by cutting fuel consumption.

Figure 1. Torque meter and RPM counter for shaft power measure: the 
straing gauge applied on the propeller shaft (top left) is connected to 
the transmitter (top right); the receiver (bottom right) is connected to 
the laptop with an RS 232 cable.
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cruise a GPS data logger measured 
speed, course, and position of the 
vessels. � e fuel consumption 
was measured using two portable 
ultrasonic � ow meters for measur-
ing of the fuel � ow rate to and from 
the main diesel engine. Each � ow 
meter uses two sensors working as 
sound transmitters and receivers. 
Sensors receive the sonic impulse 
at di� erent time due to the fact that 
one sonic impulse is counter � ow. 
� is di� erence is directly related to 
the � ow rate. 

� e power delivered from the 
main engine to the propeller for 
the propulsion thrust is measured 
with a shaft power meter which 
has a battery powered shaft-
mounted strain gauge. It utilizes a 
short range radio transmission for 
data (torque and rotational speed) 
transfer from the rotating shaft to 
a data recorder. Shaft rotational 
speed is measured by the recorder, 
which has an optical proximity 
sensor (Figure 1). � e hydraulic 
and electric power analyzer (Fig-
ure 2) consists of a sensor array 
that provides � ow and pressure 
from the hydraulic pipe line, and 
two clamp-on ammeters for meas-
uring the real electric power sup-
ply from the alternator connected 
with the main diesel engine. 

Electronic load cells were used to 
measure the warp loads during 
� shing operations. After shooting, 
load cells were mounted on the 
warps in order to measure the total 
gear drag resistance. A personal 

Table 1. Main characteristics of the monitored fi shing vessels
LOA LPP B GT PB D
(m) (m) (m) (-) (kW) (m)

OTB1 21.5 17.02 5.72 82 478 1.78

PTM1 28.6 21.2 6.85 99 940 2.18

OTB2 22.8 19.58 6.21 91 574 1.8

PTM2 28.95 24.32 6.86 138 940 2.2

Table 2. Average values in one hour of trawling
VS PD FC TTF ECI FCI
(kn) (kW) (l/h) (kg) (kJ/(GT*kn)) (l/(h*GT*kn))

OTB1 3.8 248 60 3994 4.08 192

PTM1 4.3 391 105 5693 4.82 246

OTB2 3.8 333 64 3802 5.16 183

PTM2 4.4 620 126 7225 5.14 207

In order to assess the energy 
performance of each � shing ves-
sel investigated, two customized 
energy indicators were de� ned 
and calculated. � e � rst is an 
energy consumption indicator, 
named ECI (kJ/(GT*kn)), which is 
the overall energy used standard-
ized for the gross tonnage and the 
speed. � e second is a fuel con-
sumption indicator, named FCI 
(l/(h*GT*kn)), which is the fuel 
consumption standardized for 
the gross tonnage and the speed. 
Energy performance indicators, 
ECI and FCI, are de� ned both for 
steaming and trawling phases.

Bottom trawlers more 
effi cient than pelagic 

trawlers when trawling

� e performance of the moni-
tored vessels was evaluated dur-
ing typical daily � shing trips. Table 
2 shows the average values of the 
parameters obtained, in one hour 
of trawling. Pelagic trawlers are 
more energy intense than bottom 
trawlers during trawling phases, 
due to di� erent gear size (higher 

gear drag) and to di� erent tech-
niques (higher trawling speed). 
As a result pelagic trawlers have 
the highest power delivered and 
the most fuel consumption. � e 
parameters recorded during the 
sailing phase are shown in Table 3 
(average values of one hour of 
sailing phase). � e parameters 
of sailing phases are obtained 
through a regression analysis and 
evaluated at 10 kn.

Higher fuel consumption for the 
pelagic vessels (85-95 l/h) com-
pared to bottom trawlers (around 
55 l/h) is due to higher vessel 
and engine-size. Pelagic trawlers 
are con� rmed as more energy 
intense than bottom trawlers. � e 
two pelagic trawlers had much 
the same power delivered and 
fuel consumption while in the 
trawling phase the pelagic trawler 
2 has more power request than 
pelagic trawler 1, due to a di� er-
ent propeller design and gear size. 

A ranking for the four vessels 
monitored is obtained summing 
the indicators of both the  trawling 

computer automatically controls 
data acquisition and provide the 
correct functioning of the system 
in real time through appropriately 
developed software. � e engine 
room is the heart of the ship pro-
viding mechanical, hydraulic and 
electrical power for the entire ves-
sel. Generally is located aft of the 
ship and contains the main diesel 
engine coupled to a � xed pitch 
propeller through a reduction 
gearbox with inverter. Electrical 
generators, hydraulic pumps, and 
other machinery are connected to 
the engine.

Software developed 
in-house

� e data acquisition software con-
ceived at CNR – ISMAR, Ancona, 
is useful for the synchronisation 
of data from di� erent instruments, 
to control the correct functioning 
of the acquisition and the instru-
ments. � e software output is a 
series of strings of data every � ve 
seconds. So every � ve seconds 
it is possible to know the overall 
energy consumption of the vessel.

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 pelagic pair trawler.

VS: vessel speed; PD: power delivered; TTF: total trawling force; ECI: energy consumption index; FCI: fuel consumption index
OTB: bottom otter trawler; PTM: midwater pelagic pair trawler
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and sailing phases. � e energy 
performance indicators have 
shown large di� erences in fuel 
consumption within each � shery. 
Bottom trawlers have the best 
performances in energy usage 
and fuel consumption. 

Fishers keen to test 
improvements

As a reaction to the energy audits 
and results obtained the � sher-
men decided to implement some 
improvements. In pelagic trawler 
2 the � sher decided to change 
the propeller with another of the 
same diameter and lower pitch 
to increase the propulsion sys-
tem e�  ciency during the trawl-
ing phase. In the bottom trawler 2 
the � sher decided to control and 
modify his � shing gear due to the 
fact that the drag resistance meas-
ured was too low for his expe-
rience. He also found that the 
ropes were not the same length. 
Both pelagic trawler 2 and bottom 
trawler 2 want to repeat the audit 
once the � sheries re-open, to eva-
luate the e� ect of their actions. 

All the � shermen decided to 
reduce steaming speed once they 
saw how much the e� ective fuel 
consumption responds to small 
reductions in the speed, mainly 
during sailing phases. A � sher-
man asked for an energy audit to 
decide if it was better for his activ-
ity to use an auxiliary engine, or a 
hydraulic power generator, cou-
pled to the main engine, to run an 
alternator for electric power. 

It is important for � shermen to 
know their � shing vessels’ energy 
pro� les. Usually � shing vessels are 
not e�  cient because of outdated 
technology. By de� ning a base-
line it is possible to evaluate and 
verify improvements in the energy 
usage. Today � shermen only can 
reduce energy usage because 
there is no possibility to invest 
in modern vessels, due to Euro-
pean Commission restrictions 
and to the costs. At the same time, 
new IMO regulations demand a 
smaller carbon footprint, so � sher-
men must modernise their vessels. 
It is clear that saving is the key to 
maintain acceptable pro� tability 

in � sheries. An energy saving strat-
egy is necessary and an energy 
audit is the tool to � nd areas where 
improvements can be made.

Table 3. Estimated values at 10 knots of vessel speed
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

Table 4. Ranking of vessels monitored
ECI Rank FCI Rank
(kJ/(GT*kn)) (l/(h*GT*kn))

OTB1 5.42 1 256.37 2

PTM1 6.75 4 341.40 4

OTB2 6.66 3 242.56 1

PTM2 6.55 2 268.07 3

Results suggest 
greater fuel effi ciency 

is realistic

These results suggest several 
ways for achieving fuel-use 
reductions, such as technical 
improvements in the efficiency 
of the propulsion system, in par-
ticular in the engines and the 
propeller, substitution of fish-
ing gear types, and innovation 
and research into better fishing 
practices. Fishers must also pay 
attention to the surroundings, 
reducing speed in rough sea 
conditions. Other systems that 
use energy (hydraulics and elec-
trical systems) do not seem to 
have much influence on energy 
consumption compared with 
propulsion systems.

E. Notti, A. Sala, G. Buglioni
National Research Council – 
Institute of Marine Research 
(CNR-ISMAR)
60125 Ancona, Italy

Figure 2. Hydraulic power analyser (above) and clamp-on ammeter 
for electric power (below).

PD: power delivered; FC: fuel consumption; ECI: energy consumption index; FCI: fuel consumption index
OTB: bottom otter trawler; PTM: midwater pelagic pair trawler.

ECI: energy consumption index; FCI: fuel consumption index 
OTB: bottom otter trawler; PTM: midwater pelagic pair trawler.
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