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Abstract — At least since we learned to admit that the oil reserves 

of the world are limited, improving energy efficiency has been 
regarded important. Recently the climate-abusing effects of 
exhaust gases from combustion processes have been increasingly 

focused. This is underlining the importance of improving the 
energy efficiency in all sectors presently depending on the use of 
internal combustion engines, among which we find modern 

fisheries. Actual fishing fleet is most cases not efficient because of 
outdated technology. Over the years the energy efficiency of the 
ship goes down due to obsolescence, while that of the state of the 

art rises. Maintaining an adequate level of energy efficiency 
requires a continuous monitoring of the energy profile of the 
vessel. In this way any causes of energy inefficiency can be 

identified, being able to act on them promptly and effectively. A 
proper system of energy consumption monitoring is therefore 
essential for maintaining high energy efficiency. Energy usage 

could be investigated using different approaches. Using an 
appropriate fuel consumption monitoring system it is possible to 
evaluate the energy performance of fishing vessel under different 

operating conditions. Once energy consumption has been related 
to each operating condition, fishermen can minimize fuel 
consumption. Energy efficiency investigation could be deeply 

carried out through an energy audit which allows to obtain an 
extensive energy profile of the fishing vessel monitored. With an 
energy audit it is possible to measure the energy consumption of 

each energy user, among which the propulsion system, the 
electric and the hydraulic users. For each energy user, 
suggestions to improve energy efficiency can be proposed to 

fishermen. 
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I.  INTRODUCTION 

There is no question fuel consumption in fisheries can be 

reduced and should be a directive to do so from the fisheries 

regulators. There are new technologies and products available 

that reduce fuel consumption [1] and lower exhaust emissions. 

Furthermore, some experiment [2] results demonstrated that a 

fuel savings of up to 15% could be obtained by reducing the 

steaming speed of half a knot A fuel reduction of just 15% 

would be millions of gallons saved putting money back into 

the fisherman’s pocket. Fishing vessels can be inefficient for a 

number of reasons. One of the most common reasons is that 

usually fishing vessels are of outdated technology, so that 

energy intense.  The prospect of sustained high fuel prices has 

provoked widespread interest in finding energy efficiency 

strategies to mitigate the overall impact to the fishing sector. 

Energy efficiency is a result of a methodological approach. [3] 

The cornerstone of this methodological approach lies in a 

continuous monitoring of energy performance of the vessel. 

As a result, heavy energy users are identified and suggestions 

for recover energy efficiency can be proposed to the 

fisherman. [4] Through business plan the energy profile of the 

vessel is evaluated to understand if the proper profitability 

level is maintained or not. So, improving efficiency drives the 

economics on sustainability and requires getting the same, or 

better result using less. At a fundamental level, profitability is 

the sister to environmental sustainability: as in “if it pays it 

stays”, if adopting a solution reduces fuel consumption, so that 

running costs, it will be adopted. Energy use is not only an 

economical issue but also environmental conservation issue. 

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 volatile 

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. With a periodical 

investigation it is possible to identify increasing in energy 

(fuel) consumption, reacting immediately to solve as soon as 

possible. Following past experience on energy monitoring 

systems onboard fishing vessels [5] an energy audit tool were 

conceived at CNR – ISMAR of Ancona. Few Energy Audit 

were carried out since 2010 onboard pelagic pair trawlers and 

bottom otter trawlers. Energy audit is a systematic approach to 

evaluate energy consumption in fisheries.  



II. MATERIALS AND METHODS 

A. 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. Eight vessels 

were selected for tests, representing the main fleet sectors 

throughout the Adriatic coast fishery of the Marche Region. 

Four vessels were involved in bottom trawling and other four 

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. 

 

TABLE 1. MAIN CHARACTERISTICS OF MONITORED FISHING VESSELS. LOA: 

LENGTH OVERALL; LPP: LENGTH BETWEEN PERPENDICULARS; B: 

BEAM; GT: GROSS REGISTER TONNAGE; PB: ENGINE BRAKE 

POWER; D: PROPELLER DIAMETER. OTB: BOTTOM OTTER 

TRAWLER; PTM: MIDWATER PAIR TRAWLER  (*) AND (**)  

REPRESENT THE SAME VESSEL AUDITED IN DIFFERENT SEA 

CONDITIONS 

 

 

Following the determination of the vessels to be analyzed, an 

energy audit template was developed 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, searching, etc.). 

B. Energy performance indicators 

In order to assess the energy performance of the fishing 

vessels, two Energy Performance Indicators were defined and 

calculated. The Energy Consumption Indicator, ECI 

([kJ/(kW·kn)]), which is the energy used every 5 seconds, on 

the basis of the acquisition system setup, standardized for the 

engine brake power (PB) and vessel speed. The second is the 

Fuel Consumption Indicator, named FCI ([l/(kW·h·kn)]), which 

is the fuel consumption standardized for the engine brake 

power (PB) and vessel speed. The values of energy 

performance indicators, ECI and FCI, in steaming and trawling 

conditions were compared among vessels monitored. 

Evaluating and ranking the energy performance of fishing 

vessels is useful for research purposes and to highlight possible 

suggestions to further investigate vessels. The most efficient 

vessel is characterized by high energy performance indicators, 

both in trawling and sailing conditions.  

C. Energy Audit Framework 

The energy audit is organized in few steps: 

1. A preliminary interview to fishermen is necessary to 

collect information about vessel characteristics such as 

size, power installed onboard, propulsion system 

characteristics, target species, activities, crew, machinery 

on board etc.  

2. Measurement kit is prepared according to the vessel 

characteristics.  

3. Participating to the fishing cruise, during the normal 

fishing activities, energy users are monitored with a data 

collection software. A registry event is written to relate 

specific energy usage to different events (sailing, trawling, 

hauling, searching phases).  

4. Data acquired are elaborated to define the energy 

consumption and the energetic profile of the vessel.  

5. Energy profile is defined using Energy Performance 

Indicators.  

D. Machinery room’s layout  

Generally located aft ship, engine room (Figure 1). contains 

the main diesel engine coupled to a fixed pitch propeller 

through a reduction gearbox. Electrical generators, hydraulic 

pumps and other machineries are connected to fore engine 

power take-off. In Figure 1 the measurement kit is showed.  

 

 

Figure 1. Engine room layout with measurement kit 

mounted. 

E. 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 personal computer, which automatically control data 

acquisition and provide the correct functioning of the system 

in real time through an appropriately developed program. In 

order to determine the effective fuel consumption in real-time, 

two portable ultrasonic flow meters were installed to evaluate 

LOA LPP B GRT PB D

[m] [m] [m] [GT] [kW] [m]

OTB1(*) 21.5 17.0 5.7 82 478 1.78

PTM1 28.6 21.2 6.9 99 940 2.18

OTB2(**) 22.8 19.6 6.2 91 574 1.80

PTM2 29.0 24.3 6.9 138 940 2.20

OTB3(*) 21.5 17.0 5.7 82 478 1.78

PTM3 26.5 21.5 6.8 96 870 2.20

OTB4(**) 22.8 19.6 6.2 91 574 1.80

PTM4 25.5 20.1 6.6 132 772 2.00



the flow inlet and outlet of the main Diesel engine, consisting 

in one transmitter and two sensors (Figure 2). The sensors 

work as sound transmitters and sound receivers and have been 

arranged for measurement via two traverses as in Figure 2. 

The power delivered from the main engine to the propeller for 

the propulsive 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 transfer  

(torque and rotational speed) from the rotating shaft to a data 

recorder. Shaft rotational speed is measured by the recorder, 

through an optical proximity sensor (Figure 4). The hydraulic 

and electric power analyzer (Figure 5 and Figure 6) consists of 

a sensor array that provides flow and pressure from the 

hydraulic pipe line (Figure 5), and two clamp-on ammeters 

(Figure 6) for measuring the real electric power supply from 

the alternator connected with the main diesel engine. Both 

hydraulic and electric power data acquisition are carried out 

with the same data taker (Figure 6). Two electronic load cells 

are 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 resistance (Figure 7).  

 

 

 
Figure 2.  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. 

 

 

 
Figure 3.  Portable ultrasonic flow meter system with two acoustic sensors 

applied to fuel pipe.  

 
Figure 4.  Torque meter and RPM counter for shaft power measure: the strain 

gauge applied on the propeller shaft (upward on the left) is 

connected to the transmitter (upward on the right); the receiver 

(below, on the right) is connected to the laptop trough an RS 232 
cable. 

 

 

 
Figure 5.   Hydraulic power analyzer (on the top) and data taker (on the 

bottom)  

 

 

 

Figure 6.  Clamp-on ammeter for electric power 

 

 

 

Figure 7.  Load cells for gear drag measurement 

 

 
 



III.   RESULTS 

A. Fishing phase 

In order to compare propulsion systems of vessels monitored 

following result are referred to energy performance indicators 

calculated taking into account only the propulsion system 

energy request, considering that,  past experiences [6] have 

shown that electric and hydraulic users have not much 

influence. During fishing operations (TABLE 2), average values 

of energetic parameters were calculated. During tests fishing 

vessels carried out many hauls in different conditions, such as 

sea current in different sea positions, different wind direction. 

So that, for each vessel, energetic parameters reported, related 

to different hauls, (Figure 8) vary in a wide range of towing 

force (TTF), except for OTB2, which made just one haul 

during the monitored trip. Higher power demand and fuel 

consumption of  pelagic vessels (PTM), compared to bottom 

trawlers OTB) is due to higher vessel speed during trawling 

(VS) and gear drag. Vessel PTM1 has the same engine brake 

power (PB) of PTM2 but it tows a smaller pelagic trawl net. In 

particular, the mean total towing force (TTF) is around 5660 

kgf and 5800 kgf respectively for PMT1 and PTM2. While 

bottom trawlers OTB1 and OTB2 have similar towing forces 

(around 4000 – 4100 kgf), the higher delivered power (PD) for 

OBT2 might be caused by a different propulsion system 

efficiency and different towing speed (VS). During trawling, 

pelagic vessels had higher fuel consumption rates (70-125 l/h) 

than bottom trawlers (60-80 l/h). Bottom trawlers have higher 

ECI and FCI than pelagic trawlers and this indicates that they 

are more efficient during trawling. 
 

TABLE 2.  AVERAGE VESSEL SPEED (VS), POWER DELIVERED (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. 

 

 
Figure 8.  Energetic parameters during trawling phase: Power delivered (PD), 

fuel consumption (FC) energy consumption index (ECI), fuel 

consumption index (FCI) are displayed versus total 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) 

 

VS PD FC TTF ECI FCI

[kn] [kW] [l/h] [kg] [kJ/(kW·kn)] [l/(h·kW·kn)]

OTB1 3.79 248.65 59.94 3997 0.69 3.32

PTM1 4.26 378.21 70.71 5549 0.47 1.76

OTB2 3.97 369.92 72.72 4045 0.81 3.16

PTM2 4.43 614.82 124.88 5768 0.74 3.01

OTB3 3.72 292.17 63.29 3824 0.83 3.56

PTM3 4.82 391.18 118.77 5255 0.47 2.84

OTB4 3.76 309.53 73.62 3990 0.71 3.36

PTM4 4.21 334.51 95.10 5669 0.52 2.93
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B. Sailing phase 

To analyze sailing phases, data recorded during tests have 

been processed in a speed range typical for sailing, (7–12 kn). 

Parameters recorded trends during sailing phases are displayed 

in Figure 9. During sailing the power demanding for PTM and 

OTB trawlers is almost the same. Fuel consumption for OTB 

trawlers is not so variable with the sailing speed, except for 

OTB3. PTM1 and PTM2 have different fuel consumption 

during sailing maybe due to a different propeller pitch. 

Through regression analysis of sailing data, a comparison at 

10 kn is reported in TABLE 3. Energy Consumption Indicator 

comparison during sailing shows that OTB2 and OTB3 are 

very influenced by sailing speed because of the power demand 

during sailing. Pelagic vessels have a lower ECI because of 

the higher power installed. As the Fuel Consumption Indicator 

(FCI) during sailing (Figure 9) for pelagic trawlers is lower  

than FCI for bottom trawlers, maybe pelagic trawlers are over 

dimensioned in terms of power installed. TABLE 4 reports the 

ranks of the vessels monitored on the basis of Energy 

Performance Indicators and their ratio ECI/FCI. The more this 

ratio is high, the more the vessel is efficient. PTM1 and PTM2 

obtained the best result considering both phases. PTM3 and 

PTM4 obtained the lowest result.   
 

TABLE 3.  ESTIMATED VALUES AT 10 KN OF VESSEL SPEED: POWER 

DELIVERED (PD), FUEL CONSUMPTION (FC), ENERGY 

CONSUMPTION INDEX (ECI) AND FUEL CONSUMPTION INDEX (FCI) 

DURING THE SAILING PHASE. OTB: BOTTOM OTTER TRAWLER; 
PTM: MIDWATER PAIR TRAWLER. 

 

 

TABLE 4.  ENERGY CONSUMPTION INDEX ECI, FUEL CONSUMPTION INDEX FCI 

AND THEIR RESPECTIVE RANKING FOR EACH MONITORED VESSEL. 

OTB: BOTTOM OTTER TRAWLER; PTM: MIDWATER PAIR TRAWLER. 

 

 
Figure 9.  Energetic parameters during sailing phase: Power delivered (PD), 

fuel consumption (FC) energy consumption index (ECI), fuel 

consumption index (FCI), 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) 

VS PD FC ECI FCI

[kn] [kW] [l/h] [kJ/(kW·kn)] [l/(h·kW·kn)]

OTB1 10.00 256.96 67.55 0.22 1.45

PTM1 10.00 338.56 71.40 0.20 1.00

OTB2 10.00 395.37 82.95 0.32 1.56

PTM2 10.00 400.42 84.88 0.21 0.88

OTB3 10.00 367.43 72.46 0.28 1.36

PTM3 10.00 290.60 115.52 0.16 1.32

OTB4 10.00 276.94 63.34 0.15 1.01

PTM4 10.00 234.29 59.24 0.15 0.87

ECI FCI ECI/FCI Rank ECI FCI ECI/FCI Rank

OTB1 0.69 3.32 0.21 6 0.22 1.45 0.15 6

PTM1 0.47 1.76 0.27 1 0.20 1.00 0.20 3

OTB2 0.81 3.16 0.25 2 0.32 1.56 0.21 4

PTM2 0.74 3.01 0.25 3 0.21 0.88 0.24 2

OTB3 0.83 3.56 0.23 4 0.28 1.36 0.21 1

PTM3 0.47 2.84 0.16 8 0.16 1.32 0.12 8

OTB4 0.71 3.36 0.21 5 0.15 1.01 0.15 5

PTM4 0.52 2.93 0.18 7 0.15 0.87 0.17 7
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IV. 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 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. [7] and Sala et al. 

[8], it appears that there is an unexploited potential for fuel 

savings. The energy performance indicators have shown 

differences in fuel consumption for the same power delivered. 

This difference must suggest to further investigate propulsion 

systems to improve their performances. Furthermore other 

improvements for achieving fuel-use reductions such as 

technical improvements engines and the propeller, substitution 

of fishing gear types, and innovation and research into better 

fishing practices can be considered. Fishermen have also to pay 

attention to courses, reducing speed with rough sea conditions. 

In the future it is worth further analyzing the possibilities of 

changing some of the least efficient vessels, in particular, 

relating to the propulsion system and the propeller design. As a 

reaction to the energy audits and results obtained, fishermen 

were influenced and decided to act some improvements. 

fisherman of the PTM2, decided to change propeller with 

another of same diameter and lower pitch to increase the 

propulsion system efficiency during trawling phase. Fisherman 

of the OTB2 decided to control and modify his fishing gear due 

to the fact that the drag resistance measured was too low for his 

experience. He found also that the ropes were not at the same 

length.  Fishermen of PTM2 and OTB2 asked for a repetition 

of the audit, to evaluate the effect of their actions and changes. 

All the fishermen decided to reduce steaming speed once they 

have seen how much the effective fuel consumption is sensible 

to small reductions in vessel speed, mainly during sailing 

phases. Another fisherman asked for an energy audit to decide 

if it is better for his activity to use an auxiliary engine, or an 

hydraulic power generator coupled to the main engine, to run 

an alternator for electric power generation. It is important for 

fishermen to know their fishing vessel energetic profile. 

Usually fishing vessels are not efficient because of outdated 

technology. Through an Energy Audit a baseline is defined and 

it is possible to evaluate and verify improvements in the energy 

usage. Actually fishermen only can reduce energy usage to 

maintain or increase their profitability, because there is no 

possibility at the moment to renew fleets, due to European 

Commission restrictions and to the high costs for new vessels, 

if compared to actual revenues. At the same time, new IMO 

regulations impose less carbon footprint, so fishermen must 

modernize their vessels. It is clear that fuel saving is the key to 

maintain acceptable profitability in fisheries. An energy saving 

strategy is necessary and an energy audit is the tool to find 

areas where improvements are useful. 
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