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Naast de nauwkeurigheid werd ook de datahoeveelheid en continuïteit geëvalueerd. Dit gebeurde door de 
tijdsintervallen tussen opeenvolgende datapunten te analyseren om na te gaan of de data consistent 
doorstroomt. Hieruit bleek dat 2024 de beste periode is voor analyse. Na een grondige datakwaliteitsanalyse 
werden echter voor enkele vaartuigen (bijna) geen trips meer behouden voor de analyse. Tabel 2-2 geeft weer 
hoeveel trips er per vaartuig behouden werden, evenals het gemiddeld verbruik per vangsteenheid. 

 

Tabel 2-1: De beschikbare VISTools-parameters per deelnemend vaartuig. 

ID Weegschaal Motorgegevens Brandstofverbruik GPS Speedlog Propeller Trekkracht 

1 2024-2025 
 

2024-2025 2022-2025 
   

2 2023-2025 
 

2022-2025 2022-2025 
  

2022-2025 

3 
 

2023-2025 2022-2025 2022-2025 
  

2022-2025 

4 2022-2025 2023-2025 2022-2025 2022-2025 
  

2022-2024 

5 2022-2025 2023-2025 2022-2025 2022-2025 
  

2022-2025 

7 
  

2023-2025 2023-2025 
  

2023-2025 

10 2023-2025 
 

2023-2025 2023-2025 
  

2023-2025 

11 2023-2025 
 

2023-2025 2023-2025 
  

2023-2025 

12 2023-2025 
 

2023-2025 2023-2025 
  

2023-2025 

13 
  

2023-2025 2023-2025 
  

2023-2025 

17 2023-2025 
 

2024-2025 2023-2025 
  

2023-2025 

19 2023-2025 
 

2024-2025 2023-2025 
  

2023-2025 

22 
  

2023-2025 2023-2025 
  

2023-2025 

24 2023-2025 
 

2024-2025 2023-2025 
  

2023-2025 

25 Onjuist 2023-2025 2023-2025 2023-2025 2024-2025 2025 2023-2025 

26 2024-2025 
 

2023-2025 2023-2025 
  

2023-2025 

29 2024-2025 
  

2023-2025 2023-2024 
  

31 2025 
 

2024-2025 2024-2025 
  

2024-2025 

35 2024-2025 
 

2023-2025 2023-2025 
  

2023-2025 

37 2024-2025 
 

2023-2025 2023-2025 
  

2023-2025 
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Tabel 2-2: De gemiddelden van het verbruik per vangsteenheid van de deelnemende vaartuigen. 

Vaartuig Aantal trips 
in VISTools 

in 2024 

Aantal trips 
gehouden 

voor analyse 

Liter diesel 
per kilogram 

vangst tijdens 
slepen 

Liter diesel per 
kilogram vangst 
tijdens slepen en 

stomen 

Liter diesel per 
kilogram vangst 

tijdens alle 
activiteiten 

1 106 101 1,73 1,98 1,98 

2 34 31 2,23 2,67 2,7 

3 44 0 - - - 

4 35 17 1,5 1,68 1,7 

5 38 35 1,44 1,67 1,69 

7 40 0 - - - 

10 51 3 0,82 1,3 1,35 

11 29 13 2,06 2,24 2,27 

12 27 23 1,17 1,42 1,46 

13 42 0 - - - 

17 42 35 0,92 1,08 1,11 

19 50 26 2,19 2,64 2,69 

22 37 0 - - - 

24 30 0 - - - 

25 41 0 - - - 

26 32 31 1,92 2,29 2,34 

29 43 0 - - - 

31 21 0 - - - 

35 39 34 1,62 2,01 2,04 

37 12 0 - - - 
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2.2.2 Extra dataverzameling 
2.2.2.1 VISTools Analytics webapp 
In DigiVloot werd bepaald welke informatie de reders dienen in te geven in de VISTools-webapp zodat de 
analyses goed en volledig kunnen worden uitgevoerd. Hierbij gaat het over aanvullende informatie op 
tripniveau, zoals vistuigconfiguratie, evenals onderhoudswerken. In Vissersvaartuig van de Toekomst werd 
gekeken of deze informatie volstaat voor de betreffende analyses. Dit bleek voldoende te zijn. 

2.2.2.2 Technische fiches 
In verschillende stappen van dit project zijn vaartuiggegevens nodig zoals motorvermogen, rompvorm, 
enzovoort. Deze informatie wordt door de scheepswerven doorgegeven aan de UGent. De beschikbare 
technische gegevens van de deelnemende vaartuigen worden weergegeven in Tabel 2-3.  
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Tabel 2-3: De technische parameters van de deelnemende vaartuigen. 

Vaartuig LOA 
(length 
over 
all, m) 

LPP  
(lengte 
tussen de 
loodlijnen, 
m) 

Breedte 
(m) 

Mid-
scheepse 
diepgang 
(m) 

Langs-
scheepse 
oppervlakte 
(m²) 

Dwars-
scheepse 
oppervlakte 
(m²) 

Bruto-
tonnage 

Vermogen 
(kW) 

Bouwjaar Dreg Borden-
visserij 
(demersaal) 

Borden-
visserij 
(mix) 

Flyshoot Boomkor 
(garnaal) 

Boomkor 
(demersaal) 

1 21 19 6 2,6 - - 78 202 2021 x 
   

x x 

2 38 33 9 - - - 385 959 1999 
     

x 

3 38 36 9 3,8 64 204 385 749 2020 
     

x 

4 38 36 9 3,8 64 204 385 749 2020 
     

x 

5 38 36 9 3,8 64 204 385 749 2019 
     

x 

7 34 30 8 - - - 273 750 1991 
      

10 22 22 6 2,2 - - 100 221 1987 
 

x x 
  

x 

11 35 31 9 3,6 - - 284 707 1984 
     

x 

12 35 32 8 3,9 61 157 322 989 2019 
 

x 
   

x 

13 38 33 9 3,6 59 169 386 905 1999 
     

x 

17 38 33 9 3,9 59 170 325 749 1992 
     

x 

19 38 33 9 3,9 59 171 388 957 1999 
     

x 

22 38 34 9 - - - 396 942 1994 
     

x 

24 36 33 8 - - - 351 942 1999 
     

x 

25 38 34 9 3,8 59 174 384 960 2021 
     

x 

26 33 29 8 3,1 42 116 251 706 1981 
     

x 

29 28 24 8 3,3 51 124 265 578 2011 
 

x 
 

x 
  

31 38 33 9 3,8 60 184 389 749 2001 
     

x 

35 39 34 8 3,8 53 163 372 959 1989 
     

x 

37 38 33 9 3,7 - - 388 960 1996 
     

x 
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Trends in snelheid 

De snelheid over de grond en deze door water werden vergeleken binnen en tussen de verschillende groepen. 
De snelheid door water werd berekend door deze over de grond te corrigeren met de stroming. Tijdens het 
slepen houden schippers een constante snelheid over de grond aan. Tijdens het stomen behouden ze een 
constant motorvermogen en dus een ongeveer constante snelheid door water. 

De vaartuigen in groep 1 vissen aan een lagere snelheid (gemiddelden tussen 2,8 en 3,7 knopen over de grond) in 
vergelijking met de andere groepen (gemiddelden tussen 3 en 6 knopen over de grond). De snelheid hangt bij 
alle groepen af van het vistuig en de daarmee gelinkte doelsoort. Met de sumwing en V-netten wordt aanzienlijk 
sneller gevist.  

Doordat schippers een constant motorvermogen aanhouden tijdens stomen, varieert de snelheid over de grond 
aanzienlijk door de invloed van de stroming (vooral in het Engels Kanaal). Deze variatie is voornamelijk 
zichtbaar in groep 1.  

Trends in brandstofverbruik 

Het brandstofverbruik werd uitgedrukt in liter per uur. Tijdens slepen is het verbruik bij groep 1 beduidend 
lager dan de andere groepen. Dit komt omdat deze vaartuigen kleiner zijn. Vaartuig 1 vist meestal rond 45 L/h; 
bij vaartuig 10 is dit 75 L/h. Er zijn verschillende operationele snelheden waarneembaar voor verschillende type 
visserijen.  

In groep 2 worden vaak twee pieken in verbruik waargenomen: een piek bij lager verbruik bij ideale 
omstandigheden en een piek bij hoger verbruik bij vissen in tegenstroming. Oudere vaartuigen (7, 26 en 35) 
verbruiken relatief meer brandstof, zelfs als ze kleiner zijn. De gemiddelden in brandstofverbruik tijdens vissen 
in groep 2 variëren van 120 L/h tot 190 L/h (uitzondering in de groep). 

De vaartuigen van groep 3 hebben een aanzienlijk hoger brandstofverbruik tijdens slepen dan groep 2, ondanks 
vergelijkbare afmetingen. Dit komt omdat deze vaartuigen een minder gunstige rompvorm (hogere 
blokcoëfficiënt) hebben. De meest voorkomende verbruiken variëren van 150 L/h tot 200 L/h. 

Het brandstofverbruik tijdens stomen bevat veel variatie binnen dezelfde vaartuigen. Groep 1 heeft het laagste 
verbruik tijdens stomen (gemiddelden rond 40 L/h en 70 L/h), gevolgd door groep 2 (gemiddelden tussen 100 
en 140 L/h). Groep 3 bevat de grootste verbruikers tijdens stomen (gemiddelden tussen 120 en 170 L/h).  

Verband tussen beide trends 

De vergelijking van het gemiddeld brandstofverbruik met de gemiddelde sleepsnelheid bevestigt dat een hogere 
snelheid door water leidt tot een hoger brandstofverbruik. De relatie is echter niet eenduidig lineair omdat 
meerdere factoren het verbruik sterk beïnvloeden naast vaarsnelheid. De eerste belangrijke factor is de 
datakwaliteit en het verschil in datahoeveelheid per vaartuig. Een ander deel van de variatie wordt verklaard 
door de verschillen in de grootte van het vaartuig en type visserij. Scheepsontwerp en leeftijd zijn minstens 
even bepalend als snelheid. Vaartuigen met een hogere blokcoëfficiënt, vaak oudere vaartuigen, vertonen 
namelijk een duidelijk hoger brandstofverbruik dan (vaak recentere) schepen met een meer geoptimaliseerde 
rompvorm met vergelijkbare afmetingen en snelheden. Dit verklaart mede waarom vaartuigen uit groep 3 
systematisch hoger scoren dan vaartuigen uit groep 2, ondanks gelijkaardige dimensies. Tot slot hebben 
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operationele omstandigheden zoals stroming en vistuig een invloed op het brandstofverbruik (dit zien we in 
de dubbele pieken, zowel stroming als techniek zorgt daarvoor). De volgende sectie gaat hier verder op in. 

Snelheid is dus een belangrijke, maar niet dominante parameter. Brandstofverbruik is het resultaat van een 
combinatie van snelheid, scheepsontwerp, leeftijd, motorvermogen, vistuig en omgevingscondities.  

2.2.3.3 Invloed van externe factoren op brandstofverbruik 
Een meer gedetailleerde analyse werd uitgevoerd om de invloeden van verschillende externe factoren op het 
brandstofverbruik te bepalen. De uitgebreide analyse zit bijgevoegd in hoofdstuk 7 van Bijlage A. Er was veel 
goede data van vaartuig 4 en deze wordt hier als voorbeeld weergegeven. 

Invloed van snelheid 

Door een deel van de data te bekijken waarbij de windsnelheid, golfhoogtes en stroming verwaarloosbaar zijn, 
wordt de invloed van snelheid duidelijk. Snelheid over de grond is gelijkaardig aan snelheid door water bij lage 
stroming. Er is al een significante stijging in brandstofverbruik bij kleine snelheidsstijgingen (niet lineair) tijdens 
vissen (zie Figuur 2-1). Tijdens stomen was er te weinig goede data in voorgenoemde condities.  

 

Figuur 2-1: Het verband tussen het brandstofverbruik (y-as) en de snelheid over de grond (x-as) bij 
verwaarloosbare windsnelheid, golfhoogtes en stroming. De data is uitsluitend afkomstig van vaartuig 4. 

 

Invloed van stroming 

Bij een sterkere tegenstroom moet een hoger toerental, en dus een hogere snelheid door water, worden 
aangehouden om een gelijke snelheid over de grond te houden. Bij een positieve stroming is dit omgekeerd. 
Tijdens slepen streeft de schipper naar een constante snelheid over de grond, ongeacht de stroming. Door de 
sleepdata te selecteren waarbij de windsnelheid en golfhoogte verwaarloosbaar zijn, kan de invloed van 
stroming goed worden geanalyseerd. Figuur 2-2 (links) toont duidelijk aan dat, hoe hoger de tegenstroming 
tijdens vissen en dus hoe hoger de snelheid door water is, hoe meer brandstof er wordt verbruikt. Het verbruik 
stoot op een maximum van 175 L/h (maximumcapaciteit van de motor van vaartuig 4).  
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Tijdens stomen streeft de schipper naar een constant toerental, waardoor de stroming minder invloed heeft. 
Bij hogere tegenstroming zal de schipper namelijk aan een lagere snelheid over de grond varen om het 
toerental constant te houden. 

 

Figuur 2-2: Het verband tussen brandstofverbruik (y-as) en stroming en snelheid door water (x-assen) bij 
verwaarloosbare windsnelheden en golfhoogtes. Een negatieve stroming betekent tegenstroming en 
omgekeerd. De data bij slepen heeft een quasi constante snelheid over de grond. De data bij stomen is bij een 
quasi constant toerental. De data is uitsluitend afkomstig van vaartuig 4. 

Invloed van wind 

Er is niet voldoende data waar er veel variatie in de windsterkte is terwijl de stroming en golven 
verwaarloosbaar zijn. Wind en golven zijn dan ook sterk met elkaar verbonden. De invloed van wind op het 
brandstofverbruik wordt via verschillende grafieken geanalyseerd (zie hoofdstuk 7 van Bijlage A), waarvan de 
duidelijkste hieronder wordt weergegeven. Figuur 2-3 bevat een deel van de data van vaartuig 4. Tijdens vissen 
heeft deze data hoofdzakelijk éénzelfde snelheid door water en toch een grote variatie in brandstofverbruik. 
De kleurschaal maakt duidelijk dat een groot deel van deze variatie wordt verklaard door de relatieve 
windsnelheid: sterkere tegenwind leidt tot een hoger brandstofverbruik. Het effect van stroming is wel 
beduidend hoger dan deze van wind. Tijdens stomen is een minder duidelijke trend zichtbaar. 
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Figuur 2-3: Het verband tussen brandstofverbruik (y-as) en snelheid door water (x-as), gekleurd met de relatieve 
windsnelheid. De data is uitsluitend afkomstig van vaartuig 4. 

Invloed van golven 

Wind en golfhoogte zijn sterk gecorreleerd. Dit is dan ook zichtbaar in de data. Tijdens vissen is het effect van 
golfhoogte gelijkaardig met deze van wind. Als de golfrichting gelijk is aan deze van het vaartuig, verlaagt het 
brandstofverbruik, en omgekeerd. Tijdens stomen wordt opnieuw een vast toerental aangehouden en is het 
effect moeilijker te analyseren. Bijlage A (hoofdstuk 7) gaat verder in op de invloed van golven op het 
brandstofverbruik. 

Invloed van seizoenen 

De data werd opgesplitst in de vier jaargetijden. De maximale stroomsnelheden in het Engels Kanaal, en dus 
het effect daarvan op het verbruik, zijn gedurende het hele jaar ongeveer constant. De maximale golfhoogte 
en windsnelheid zijn dan weer lager tussen april en september (zie Figuur 7-16 in Bijlage A.). 

Invloed van vistuig 

Tenslotte werd de invloed van het vistuig, en dus de netkrachten, geanalyseerd. Een netkracht is de kracht van 
de weerstand die het net ondervindt wanneer er gevist wordt. De totale netkrachten zijn dan de som van beide 
netkrachten (stuurboord en bakboord).  

Tijdens het vissen, wanneer gestreefd wordt naar een constante snelheid over de grond, varieert het toerental 
mee met de schommelingen in weerstand. Als het net meer weerstand ondervindt, stijgt het toerental en dus 
het brandstofverbruik om deze snelheid aan te houden. Figuur 2-4 (linksboven) toont dat grotere netkrachten 
samengaan met een groter brandstofverbruik. Opmerkelijk is de zone van hoog brandstofverbruik (170 L/h) en 
relatief lage netkrachten (<10.000 kg). De subfiguur rechtsboven maakt duidelijk dat deze zone datapunten zijn 
met een hoge snelheid door water. In dat geval is het dus de snelheid die het hoge brandstofverbruik verklaart, 
en niet de netkrachten. De onderste subfiguur toont aan dat ook bij éénzelfde snelheid door water, er een 
relatie bestaat tussen de netkrachten en het brandstofverbruik. 
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Figuur 2-4: [linksboven] Het verband tussen brandstofverbruik (y-as) en netkrachten (x-as), gekleurd met aantal 
datapunten. [rechtsboven] Het verband tussen brandstofverbruik (y-as) en netkrachten (x-as), gekleurd met 
snelheid door water. [linksonder] Het verband tussen brandstofverbruik (y-as) en snelheid door water (x-as), 
gekleurd met netkrachten. De data is uitsluitend afkomstig van vaartuig 4. 

Bijlage A (hoofdstuk 7) gaat verder in op de invloed van netkrachten op het brandstofverbruik. Zo wordt ook 
de vergelijking gemaakt tussen de boomkor met sumwing en rolsloffen bij vaartuig 35. De sumwing heeft in 
theorie minder weerstand en dus lagere netkrachten. Het vaartuig sleept echter sneller met de sumwing, 
waardoor de netkrachten bij beide vistuigen gelijk zijn (Figuur 2-5), resulterend in een zelfs hoger verbruik met 
de sumwing dan met rolsloffen (Figuur 2-6). 
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Figuur 2-5: Het verband tussen netkrachten (y-as) en snelheid door water (x-as) bij vaartuig 35 dat zowel met 
rolsloffen vist (links) als met de sumwing (rechts). 

 

 

Figuur 2-6: Het verband tussen brandstofverbruik (y-as) en snelheid door water (x-as) bij vaartuig 35 dat zowel 
met rolsloffen vist (links) als met de sumwing (rechts). 

Het is moeilijk om de gemeten netkrachten rechtstreeks te koppelen aan andere parameters. Om de invloed 
van het vistuig op het brandstofverbruik correct te beoordelen, is het nodig om ook de hoeveelheid vis in het 
net te kunnen afleiden. Een diepgaandere analyse is daarom aangewezen: het vistuig modelleren in dynamische 
en flexibele netmodellen, waarbij interacties met waterstroming, zeebodem en het materiaalgedrag van de 
netten wordt meegenomen. 
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Het brandstofverbruik werd gemodelleerd voor vaartuig 3, 4, 5 en 25 omdat voor deze vaartuigen de juiste 
data beschikbaar was. Het gemodelleerde verbruik werd vergeleken met de data om de accuraatheid van het 
model te testen. De modellen presteren in het algemeen goed, mits een aangepaste SFC-waarde en goede 
kwaliteit van de invoergegevens. Het model is dus correct opgebouwd, maar is gevoelig voor de gekozen 
motorparameters en onzekerheden in, voornamelijk, de netkrachten als input. 

2.2.3.5 Ingesteldheid/gedrag van de reder 
In juli 2020 werd de Z.483 van rederij Natalie (NV) omgenummerd naar Z.48 en verkocht aan rederij Aegir (BV). 
Door de VISTools-data te vergelijken tussen beide periodes kan het effect van een nieuwe reder bij dit vaartuig 
worden bepaald. Er bleek echter onvoldoende data van deze Z.48 om de analyse te kunnen uitvoeren.  
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Beschikbaarheid 

Biobrandstoffen (hernieuwbare dieselvarianten en biomethaan) kunnen vandaag al in meerdere havens worden 
gebunkerd. Hernieuwbare dieselvarianten en biomethaan zijn momenteel het meest beschikbaar, gevolgd door 
biomethanol. E-fuels zijn voorlopig nog zeer schaars. Er wordt verwacht dat het aanbod van e-fuels zal 
toenemen tussen 2030 en 2040, maar dat de vraag nog sterker zal stijgen. Dit tekort zou verder oplopen tussen 
2040 en 2050. De vraag-aanbodverhouding van biobrandstoffen is momenteel stabieler en zal naar verwachting 
zo blijven. De beschikbaarheid van e-fuels in de toekomst is daardoor erg onzeker. De batterij-optie is moeilijk 
te beoordelen: hoewel elektriciteit aan wal al op veel locaties beschikbaar is en dit ook zo verwacht wordt te 
blijven, is het nog onduidelijk welk aandeel daarvan uit groene energie bestaat. 

Haveninfrastructuur 

Grote havens bieden een ruimer aanbod aan alternatieve brandstoffen dan kleinere havens. De beschikbaarheid 
werd beoordeeld op basis van de havens die het vaakst worden gebruikt door VISTools-vaartuigen. 
Hernieuwbare dieselvarianten zijn het best beschikbaar in de voor de Belgische visserij relevante havens, 
gevolgd door biomethaan. Deze brandstoffen zijn onder meer beschikbaar in Le Havre, Harlingen en Zeebrugge. 
Daarnaast bestaan er plannen voor de productie van e-methanol en de uitrol van OPS (onshore power supply) 
in het havengebied van Le Havre. Methaan wordt wereldwijd momenteel in meer havens gebunkerd dan 
methanol, maar vereist aanzienlijk grotere infrastructuurinvesteringen. Dit komt doordat methaan voor 
maritiem gebruik meestal wordt opgeslagen als vloeibaar cryogeen gas (LNG). Bunkering van ammoniak en 
waterstof bevindt zich nog in een vroeg stadium. Grote containerhavens zoals Rotterdam en Antwerpen 
beschikken reeds over deze brandstoffen.  

OPEX: Productiekost brandstof 

De productiekosten op lange termijn werden voorspeld (p. 19 in 0). Hieruit blijkt dat hernieuwbare brandstoffen 
een competitief voordeel kunnen behalen indien een koolstoftaks op diesel wordt ingevoerd. De huidige situatie 
werd geanalyseerd op 13/10/2025. Conventionele LSFO (mariene diesel) blijft het goedkoopst. B100 (biodiesel) is 
duidelijk duurder dan LSFO, maar wordt in EU-havens door ETS/FuelEU (Europese beleidsinstrumenten die de 
uitstoot van broeikasgassen in de maritieme sector moeten verminderen) en nationale incentives relatief 
competitiever. LBM (liquid biomethane) behoort tot de duurdere opties, met prijzen die sterk variëren 
afhankelijk van het motortype (Otto- versus dieselcyclus) en de meegenomen beleidskosten. In het algemeen 
zorgt EU-regelgeving (ETS/FuelEU) ervoor dat de effectieve bunkerprijs van fossiele brandstoffen stijgt, 
waardoor biobrandstoffen relatief aantrekkelijker worden. Gasvormige alternatieven zoals LBM blijven 
gemiddeld het hoogste kostenniveau behouden.  

OPEX: Motorefficiëntie 

Voor HVO kan dezelfde motor gebruikt worden als voor diesel (4-stroke medium-speed compression-
ignition engine). Deze motor heeft een BTE (brake thermal efficiency, geeft aan hoe effectief een 
verbrandingsmotor de chemische energie uit brandstof omzet in bruikbare mechanische arbeid) van 42-
43%. Methanol, methaan en waterstof vereisen een dual-fuel motor, met mogelijk een lagere BTE. Ammoniak is 
moeilijk te ontsteken en brandt traag, waardoor de efficiëntie daar nog lager ligt. Elektromotoren hebben een 
efficiëntie van minstens 90%, dus zijn de beste kandidaat op vlak van motorefficiëntie.   
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Veiligheid 

De veiligheid aan boord en tijdens bunkeren van deze energiedragers wordt vergeleken op basis van NFPA 704, 
het systeem voor identificatie van gevaren voor hulpdiensten. Hierbij zijn alleen de blauwe ruit 
(gezondheidsgevaar) en de rode ruit (brandbaarheid) relevant: hoe hoger het cijfer, hoe groter het potentiële 
risico.  

Tabel 2-6: De veiligheid van verschillende brandstoffen op basis van de NFPA 704- methode. 

 

Bovendien wordt de veiligheid voor aquatisch leven in rekening genomen. Brandstoflekken of -
morsingen kunnen een groot risico vormen voor het aquatisch leven. De gasvormige brandstoffen zijn lichter 
dan lucht dus dispergeren snel, maar de vloeibare brandstoffen kunnen wel in het water terecht komen. 
Methanol is minder giftig dan diesel terwijl ammoniak giftiger is.  

 

2.3.3.2 Case study: retrofit naar een methanol/diesel-systeem 
De matrix (Tabel 2-5) toont aan dat hernieuwbare dieselvarianten en (bio-)methanol de beste brandstoffen zijn 
met een toepassing in de Belgische visserij. Voor HVO en FAME zijn maar beperkte aanpassingen nodig aan de 
motor; voor methanol zijn wel significante aanpassingen nodig. Voor de nabije toekomst is de combinatie van 
methanol en diesel interessanter dan enkel methanol. Daarom werd onderzocht wat het praktisch betekent om 
een vissersvaartuig te laten werken op een dual-fuel technologie met een methanol en diesel als brandstoffen. 

Aangezien methanol niet vanzelf ontbrandt in een klassieke dieselmotor, is altijd een kleine hoeveelheid diesel 
nodig om de verbranding te starten. De eenvoudigste retrofit-oplossing is de PFI-methode (Port Fuel Injection, 
zie Figuur 2-7). Daarbij wordt methanol in het inlaatspruitstuk geïnjecteerd. Diesel wordt rechtstreeks in de 
cilinder geïnjecteerd als ontstekingsbrandstof. Dit vergt beperkte aanpassingen aan de motor en heeft als extra 
voordeel dat de motor ook nog steeds kan draaien op 100 % diesel. Een vergelijking van het toerental en de 
belasting van een representatief VISTools-vaartuig (vaartuig 4) met het typische werkingsgebied van een 
PFI dual-fuelmotor maakt duidelijk dat deze retrofit-oplossing geschikt is voor een typisch groot vaartuig in de 
Belgische vloot. 0 beschrijft dit in detail. 
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Figuur 2-7: de Port Fuel Injection (PFI) technologie. 

 

Als de tank in vaartuig 4 een PFI dual-fueltank zou zijn die voor dezelfde autonomie zorgt, zou een 
methanolfractie tussen 40% en 70% mogelijk zijn. Het tankvolume zou daarbij 60% stijgen. De diesel- en 
methanoltanks zouden respectievelijk 40 m3 en 107 m3 zijn. Dit zorgt voor een totaal volume van 147 m3 in 
vergelijking met het originele tankvolume van 91.9 m3. Het vaartuig kan er even ver en lang mee varen. De 
jaarlijkse CO2-reductie zou 856 ton CO2 zijn (56%).  

Tabel 2-7: De inhoud van de diesel- en methanoltank in de PFI toepassing op vaartuig 4 in vergelijking met de 
huidige dieseltank van vaartuig 4. 

Dieselmotor tankgrootte (m3) PFI methanol/diesel dual-fueltoepassing tankgrootte (m3) 

Diesel tank Methanol tank 

91,9 40 107 
 

2.3.3.3 Vergelijking methanol/diesel-systeem met andere alternatieven 
Deze methanol/diesel-oplossing werd bovendien vergeleken met twee andere opties: een waterstof/diesel dual-
fuelsysteem en een batterij-elektrisch systeem.   

Behoud van autonomie 

Bij behoud van autonomie, dus wanneer het vaartuig even lang en ver zou moeten kunnen varen, verandert 
de tankgrootte. De waterstof/dieseltanks vereisen daarbij een volume van 452 m3 en het batterij -elektrisch 
systeem een volume van 4800 m3 (zie Figuur 2-8). Beide opties zijn dus praktisch niet mogelijk bij behoud van 
autonomie.  
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Behoud van tankvolume 

Ten slotte werd de autonomie van de verschillende systemen vergeleken. Wanneer de vier systemen een volume 
van 91.9 m3 zouden hebben, kan het vaartuig met haar dieselmotor 26 dagen varen. Bij het methanol/diesel-
systeem, waterstof/diesel-systeem en batterij-elektrisch systeem is dit respectievelijk 16; 5 en 0,5 dagen (zie 
Figuur 2-9). Met een gemiddelde duur van een visreis van ongeveer 8 à 9 dagen is het methanol/dieselsysteem 
voldoende voor twee reizen. Het waterstof/diesel-systeem komt daarentegen tekort en het batterij-elektrisch 
systeem is ruim onvoldoende.  

 

Figuur 2-8: De vereiste tankvolumes voor de verschillende brandstofsystemen met behoud van autonomie. 

 

 

Figuur 2-9: De autonomie voor de verschillende brandstofsystemen met behoud van tankvolume. 
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2.3.3.4 Conclusie analyse alternatieve brandstoffen 
Het methanol/diesel dual-fuelsysteem is de enige retrofit-oplossing voor een klassieke grote Belgische kotter 
die voldoende autonomie behoudt, binnen de bestaande ruimte past en een significante CO2-reductie 
oplevert. Voor alle Belgische vissersschepen, ook de kustvloot, zijn batterijen onvoldoende omdat hun 
energiedichtheid te laag is.  

Biobrandstoffen zijn vandaag al beschikbaar, kunnen vaak zonder grote aanpassingen worden gebruikt en 
bieden op korte termijn de grootste CO2-reductie, maar zijn wel nog duurder dan fossiele brandstoffen. E-
brandstoffen geproduceerd met groene elektriciteit zijn op lange termijn beter schaalbaar, maar momenteel 
nog duur, schaars en technisch veeleisend.  
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2.7 WP 6 - COMMUNICATIE 

2.7.1 Eindrapport 
De resultaten van de verschillende partijen werden samengevoegd in dit geïntegreerde rapport.  

2.7.2 Kenniskringen en stuurgroepen 
Aan de start van de analyse van alternatieve brandstoffen vond een kenniskring plaats. De lijst van genodigden 

bestond uit reders, BFPO, Anglo Belgian Corporation, OVIS, Provincie West-Vlaanderen en alle projectpartners. 

Op deze kenniskring lichtte UGent-MT de voorkennis over de beschikbare alternatieve brandstoffen toe en was 

er ruimte voor vragen, ideeën en bezwaren.  

Tijdens het project vonden er drie stuurgroepen plaats: één bij de start, één rond het midden en één op het 

einde van het project. De stuurgroepverslagen zijn toegevoegd in Bijlage E. 

2.8 WP 7 - ROADMAP 

Dit project is de basis voor de effectieve energietransitie in de Belgische visserij. Tijdens en na het project 

werd/wordt steeds ingezet op het creëren van een vervolgtraject. In hoofdstuk 3 worden de verdere 

onderzoeksnoden en vervolgprojecten concreet toegelicht.  
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3 ROADMAP EN TOEKOMSTPERSPECTIEF 
3.1  VERDERE ONDERZOEKSNODEN 

De verdere ontwikkeling van brandstofonderzoek vraagt bijkomende dataverzameling en technische verfijning 

om de betrouwbaarheid en toepasbaarheid van de analyses verder te vergroten. Voor bepaalde vaartuigen 

waren momenteel slechts een beperkt aantal trips beschikbaar, waardoor het moeilijk is om 

langetermijneffecten, zoals seizoensinvloeden, nauwkeurig te analyseren. Aangezien VISTools-data continu 

wordt verzameld en het systeem verder wordt geoptimaliseerd, zal de kwaliteit en beschikbaarheid van data in 

de toekomst verbeteren. Dit creëert mogelijkheden voor meer diepgaande analyses en nauwkeurigere 

modellering. Een algemene en langdurige stabiliteit van VISTools is hierbij van groot belang. 

Stroming heeft een grote invloed op het verbruik. Het is interessant om te onderzoeken of reders hier al dan 

niet al veel rekening mee houden, en of digitale tools hen zouden kunnen helpen met de trips en slepen plannen 

volgens de stroming. 

Daarnaast blijkt dat bepaalde technische parameters, zoals de Specific Fuel Consumption (SFC) en de open 

water efficiency, een belangrijke invloed hebben op de modelresultaten. Momenteel wordt hiervoor deels 

gewerkt met standaard- of berekende waarden, terwijl werkelijke meetwaarden noodzakelijk zijn om de 

modellen verder te verfijnen en betrouwbaarder te maken. 

Ook de weerstand veroorzaakt door het vistuig speelt een cruciale rol in het brandstofverbruik. Om hier beter 

inzicht in te verkrijgen, is bijkomend onderzoek nodig naar de krachten die optreden tussen vistuig en 

zeebodem, zoals de wrijvingskracht van de bodem en de hoek tussen kabel en bodem. Dergelijke metingen 

kunnen bijdragen aan een nauwkeurigere inschatting van de energieverliezen tijdens het vissen. Binnen ILVO 

loopt reeds onderzoek naar vistuigen met minder bodemberoering. Aangezien een lagere weerstand niet alleen 

de impact op de bodem vermindert, maar ook leidt tot een lager brandstofverbruik, staan beide onderzoeken 

niet los van elkaar. Deze optimalisaties moeten verder worden doorgezet. Modellering biedt hierbij belangrijke 

voordelen, omdat nieuwe concepten en aanpassingen eerst digitaal geëvalueerd kunnen worden voordat ze in 

de praktijk getest worden. Daarbij is het essentieel om alle relevante aspecten in rekening te brengen, en niet 

enkel het net zelf. Ook de interactie met de bodem en mogelijke optimalisaties aan de boomconstructie, zoals 

gewichtsreductie, verdienen aandacht.  

Verder was op moment van de datakwaliteitsanalyse slechts data beschikbaar van één torsiemeter, waarvan de 

nauwkeurigheid onvoldoende bleek om bruikbare conclusies te trekken. Meer accurate torsiemetingen kunnen 
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in de toekomst waardevolle informatie opleveren over de mechanische efficiëntie van vaartuigen en 

aandrijfsystemen. 

Tot slot dienen ook alternatieve brandstoffen verder geconcretiseerd te worden. In deze studie werd slechts 

één relatief nieuw en groot vaartuig onderzocht. Om een representatief beeld van de energietransitie binnen 

de sector te verkrijgen, moeten bijkomende analyses uitgevoerd worden voor andere types vaartuigen, zoals 

kustvaartuigen, eurokotters en oudere grote vaartuigen. Daarnaast is er nood aan een Total Cost of Ownership 

(TCO)-tool die de langetermijnkosten van verschillende brandstof- en technologieopties kan inschatten voor 

uiteenlopende operationele situaties. 

Op basis van de bevindingen in dit project worden de prioritaire onderzoeksnoden als volgt gerangschikt; 

Hoge prioriteit 

- Vistuigweerstand en bodemweerstand kennen/modelleren 
- Concrete brandstoftransitie per vaartuigtype uitwerken met een ontwikkeling van een TCO-tool om de 

bijhorende kosten te simuleren. 
- Datastabiliteit VISTools 

Gemiddelde prioriteit 

- Werkelijke motorparameters (SFC en open water efficiency) kennen 

Lage prioriteit 

- Torsiemetingen (worden verplicht in 2028): Lage onderzoeksprioriteit, maar beleidsmatig urgent: 
torsiemeters worden verplicht in 2028 en er is nood aan duidelijke kalibratie-eisen en testprotocollen 
vóór die verplichting ingaat. 

- Stromingsgestuurde tripplanning als dit relevant blijkt in vergelijking met de andere 
optimalisatiebeslissingen die moeten genomen worden.  

3.2 VERVOLG- EN GERELATEERDE PROJECTEN 

Gedurende het project werd al gewerkt aan een vervolgtraject. Zo werd eerst het projectvoorstel EFISHTEK 
ingediend. Dit Horizon-project zou gaan over de energietransitie in Europa, waar de Belgische boomkorvisserij 
via een case study een grote rol in zou spelen. Op basis van deze case zou onder meer een TCO-tool worden 
ontwikkeld om de kosten van de energietransitie per vaartuig mee te simuleren. Het project werd echter 
afgekeurd.  

Bovendien dienden zowel UGent-MT als UGent-TT een projectvoorstel in bij OVIS. UGent-MT schreef DigiNet, 
waarin verder wordt gegaan op het onderzoeken van de netkrachten en hun invloed op het verbruik. UGent-
TT schreef het project SUFFIX, waarin met concrete cases de transitie naar alternatieve brandstoffen voor 
enkele vaartuigen zou worden uitgewerkt. Beide projecten werden echter ook niet goedgekeurd. Onderstaande 
projecten zijn wel bezig of zitten in de pijplijn.  
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NOMENCLATURE 

Greek letters 
Symbol Description  Dimension  
�Ù ���•�‰�Ž�‡���„�‡�–�™�‡�‡�•���–�Š�‡���•�Š�‹�’�ï�•���Š�‡�ƒ�†�‹�•�‰���ƒ�•�†���‹�•�…�‹�†�‡�•�–���”�‡�‰�—�Ž�ƒ�”���™�ƒ�˜�‡�• deg. 

�Ú�Ö Current direction  deg. 

�Ú�Ð�Í  True wind direction deg. 

�Þ�º  Wave amplitude m 

�ß�Á Hull efficiency - 

�ß�È Open water efficiency - 

�ß�Ë Relative Rotative Efficiency - 

�ß�Ì Mechanical efficiency - 
�ß�Í  Total propulsive efficiency - 
�ä Mean value - 
�2 ���Š�‹�’�ï�•���Š�‡�ƒ�†�‹�•�‰ deg. 
�é Water density kg/m³  
�é�Ù�è�Ø�ß Fuel density kg/m³  
�ê Standard deviation - 
�E�k  Mean wave direction deg. 

 
 
 
Latin letters 
Symbol Description  Dimension  
�#�ë Frontal windage area m² 
�#�ì  Lateral windage area m² 
�$ Breadth m 
�%�º�Ð  Non-dimensional added wave resistance - 
�%�» Block coefficient - 
�%�ã Prismatic coefficient - 
�%�1�) Course over ground deg. 
�& Propeller diameter m 
�'  Directional wave spectrum - 
�(�% Fuel consumption (in litres per hour)  l/h  
�(�å Froude number - 
�)�6 Gross tonnage - 
�*�Ô Apparent wave height m 
�*�æ Significant wave height m 
J Advance coefficient - 
�-�Ê Torque coefficient - 
�- �Í  Thrust coefficient - 
�.�È�º Length over all m 
�.�ã�ã Length between perpendiculars m 
�.�Å�¾ Distance from bow to 95% of the maximum beam on the waterline m 
�J Propeller frequency of revolution  RPM (or rps)  
�J�æ Engine shaft speed RPM (or rps) 
�2�» Brake power kW 
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Symbol Description  Dimension  
�2�¾ Effective power kW 
�2�Ì Shaft power kW 
�3 Propeller torque kNm 
�4�º�º  Added wind resistance kN 
�4�º�Ð  Added wave resistance kN 
�4�¼�Ð Calm water resistance kN 
�4�¿�À Added resistance due to fishing gear kN 
�4�Í  Total resistance kN 
�4�ê�Ô�é�Ø Transfer function mean wave resistance in regular waves - 
   
   
�5�1�) Measured speed over ground m/s  
�5�6�9 Measured speed through water m/s  
�6 Propeller thrust kN 
�6�º  Draft aft m 
�6�¿ Draft fore m 
�6�Æ Draft midship (moulded) m 
�6�ã Wave peak period s 
�Q Longitudinal ship velocity m/s  
�Q�4 Eastward current velocity m/s  
�Q�4�Ð Eastward wind velocity m/s  
�Q�Ö ���‘�•�‰�‹�–�—�†�‹�•�ƒ�Ž���…�—�”�”�‡�•�–���˜�‡�Ž�‘�…�‹�–�›���‹�•���•�Š�‹�’�ï�•���…�‘�‘�”�†�‹�•�ƒ�–�‡�•���•�›�•�–�‡�• m/s  
�Q�Ð�Ë Longitudinal component of apparent wind speed m/s  
�Q�Ð�Ë Longitudinal component of the true wind speed m/s  
�R�4 Northward current velocity  m/s  
�R�4�È  Northward wind velocity  m/s  
�8�Ô Advance speed m/s  
�R�Ö ���ƒ�–�‡�”�ƒ�Ž���…�—�”�”�‡�•�–���˜�‡�Ž�‘�…�‹�–�›���‹�•���•�Š�‹�’�ï�•���…�‘�‘�”�†�‹�•�ƒ�–�‡�•���•�›�•�–�‡�• m/s  
�8�Ö ���—�”�”�‡�•�–���˜�‡�Ž�‘�…�‹�–�›���ƒ�Ž�‘�•�‰���•�Š�‹�’�ï�•���†�‹�”�‡�…�–�‹�‘�• m/s  
�8�¿ Current (flow) velocity  m/s  
�8�æ ���Š�‹�’�ï�•���Ž�‘�•�‰�‹�–�—�†�‹�•�ƒ�Ž���•�’�‡�‡�†���–�Š�”�‘�—�‰�Š���™�ƒ�–�‡�” m/s  
�R�Ð�Ë Lateral component of apparent wind speed m/s  
�8�Ð�Ë Apparent wind velocity  m/s  
�8�Ð�Í  True wind velocity m/s  
�S Wake fraction - 
�: �ê�Ü�á�× Longitudinal wind force N 
�;�ê�Ü�á�× Lateral wind force N 
�0�ê�Ü�á�× Yaw wind moment Nm 

 
Statistical operations 
Symbol Description  
�T�§ Mean of a parameter x 

�T
ä Median of a parameter x 
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1 EXTENDED SUMMARY 

1.1 Objectives 

The Belgian beam trawl fleet faces significant pressure due to volatile fossil fuel prices and tightening European 
sustainability regulations. Given the sector's high energy intensity, the project "Vissersvaartuig van de toekomst" 
was established to design a new generation of vessels with reduced energy demands and alternative propulsion 
systems. UGent-SMT processed and analyzed data recorded between 2023 and 2025 from sensors onboard 20 
vessels via the VISTools platform managed by ILVO combined with data provided by three shipyards. Using the 
VISTools data and in collaboration with the shipyards, key parameters influencing fuel consumption drivers, 
ranging from environmental factors (waves, wind) to operational variables (speed, gear), were analyzed and 
modelled in order to formulate possible quick wins and recommendations for further research. 
 

1.2 Data quality, pre -processing and identification of activities  

A  MATLAB-based workflow was developed to process the large amount of data that was collected from 20 
Belgian beam trawlers (19 from the large fleet and 1 from the small fleet). (Bossuyt, 2024)Pre-processing 
algorithms were developed to synchronize all sensor inputs to a common 10-second sampling rate and to 
implement an automated filter to detect and remove "frozen" sensor values (i.e. where malfunctioning 
equipment repeats the last valid measurement). The reconstruction of data gaps exceeding 15 seconds was not 
allowed in order to prevent analytical bias. These pre-processed data were used for a detailed analysis of trends, 
but for 1) key analytics and for 2) numerical modelling and the analysis of factors influencing fuel consumption, 
additional pre-processing techniques were  developed and applied: 

1. Key analytics: rigorous quality control discarding any data containing more than 10% missing values, 
linear interpolation only for gaps under five minutes to prevent systemic bias; 

2. Numerical modelling & factors influencing fuel consumption: straight navigation and steady state 
segments only with a low pass filter on fuel consumption). 
 

Raw data were grouped into five distinct operational activities (fishing, steaming, hauling, hoteling and washing) 
with an activity identification algorithm, mainly used in this study to analyze separately steaming, fishing and 
other activities. However, the evaluation revealed that the performance of the algorithm is highly dependent on 
the availability of haul and traction (i.e. rope length) data. Therefore, adaptive refinements were implemented 
depending on the available data. 
For two vessels (vessels 25 and 29), an additional quality check was conducted by comparing GPS Speed Over 
Ground against Doppler measurements and Copernicus (CMEMS) hindcast data. Small offsets were identified in 
Doppler sensors installed on these two vessels. While a torque sensor was installed on one of the vessels, the 
collected data could not be fully validated due to inconsistencies between the measurements and the shipyard 
reference datasheets. Without the original professional calibration reports, it remains unclear whether these 
�†�‹�•�…�”�‡�’�ƒ�•�…�‹�‡�•���•�–�‡�•���ˆ�”�‘�•���•�‡�•�•�‘�”���†�”�‹�ˆ�–���‘�”���†�‡�˜�‹�ƒ�–�‹�‘�•�•���‹�•���–�Š�‡���•�ƒ�•�—�ˆ�ƒ�…�–�—�”�‡�”�ï�•���”�‡�ˆ�‡�”�‡�•�…�‡�ä 
 

1.3 Analysis of operational characteristics  

Operational characteristics were determined based on a trip-by-trip analysis for the year 2024 using a trip 
identification algorithm , with the aim of allowing fishermen to analyse the catch efficiency (i.e. fuel use per kg 
catch) and refine their fishing strategy.. For 10 vessels data retrieved per trip did not pass the quality check, so 
that valid statistics could only be determined for 12 vessels.  
The reason that so many data points are lost, is due to: 
- Lack of fuel data (e.g. vessels 29) 
- Lack of catch data (vessels 3, 7, 13, 22 and 31) 
-  
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- Bad quality of data recording (e.g. vessel 24) 
- Lack of traction data (vessels 25) 
- Erroneous data (e.g. vessel 37) 
 
The operational characteristics of the 12 vessels show that fishing accounts for at least 74% of the fuel 
consumption over a year. 
A detailed analysis of Vessel 1 in 2024 (106 trips, 77 retained) reveals a highly variable operational profile, with 
an average trip duration of 1.5 days and an annual mean fuel rate of roughly 41 l/h. While fuel rates remained 
consistent across activities, total consumption and catch metrics were heavily influenced by outlier trips, such 
as trip 1 and trip 18, which significantly exceeded the average values for fuel consumption (1478 l)  and catch 
(0.8 tons). The catch efficiency (averaging 7.4 l/kg) showed extreme fluctuations (ranging from near zero to over 
30 l/kg) driven by trip duration, vessel design, and potential localized ground depletion. These trip-by-trip 
comparisons provide insights on why similar trips (e.g., trip 6 vs. trip 9) yield drastically different catch 
efficiencies. 
Detailed analysis of Vessels 4 and 5 in 2024 highlights that fuel consumption varies significantly between trips, 
driven by factors beyond mere duration, such as vessel speed and environmental conditions. Vessel 5 exhibited 
higher overall fuel consumption due to increased fishing speeds, while a detailed breakdown of a typical Vessel 
4 trip showed fuel rates fluctuating between 100 l/h while steaming and up to 126 l/h while fishing. Additional 
fluctuations are attributed to varying weather and sea states, with extreme cases (t rip 21) reaching 141 l/h due 
to non-stop fishing in areas with high current velocities. 
 

1.4 Detailed analysis of trends  

Trends in operation location, speed profile, fuel consumption, net forces and catch have been analyzed in detail 
using histograms and density plots. 
 
The Belgian fishing fleet was categorized into three groups based on vessel size and hull characteristics (i.e. based 

on �o�n and 
�x�–�–

�n
) to facilitate the analysis of trends. Group 1 consists of the smallest coastal vessels, which primarily 

operate near the Belgian and Dutch coasts at lower fishing speeds. In contrast, Groups 2 and 3 include larger 
vessels operating across the North Sea, English Channel, and Irish Sea. The histograms showed a peak around 4 
knots corresponding to fishing activities and a peak around 9-10 knots corresponding to steaming.  The 
histograms for which vessels also showed peaks at 6 knots represent the times when vessels use innovative gear 
like the SumWing. 
 
Speed profiles during both fishing and steaming are heavily influenced by current rather than just engine 
settings. During fishing, the speed through water (STW) fluctuates significantly due to local tidal currents while 
�•�’�‡�‡�†���‘�˜�‡�”���‰�”�‘�—�•�†���������
�����†�‘�‡�•�•�ï�–���˜�ƒ�”y too much. During steaming, while skippers often maintain a constant RPM, 
the SOG fluctuates significantly due to local tidal currents, especially in the English Channel.  
 
Two distinct peaks are frequently visible in fuel consumption histograms during fishing. The primary peak 
represents fishing with the current, while the second, higher peak corresponds to fishing against the current. The 
analysis of steaming data revealed a specific "washing pattern" where fuel consumption spikes briefly as the 
skipper increases speed to flush fish into the cod-end before hauling.  
 
Finally, the analysis of catch trends was compared against the statistical data, highlighting a trade-off between 
speed and operational efficiency. For example, vessel 5 achieves a higher hourly catch rate due to its increased 
fishing speed, but its cumulative annual efficiency is nearly identical to that of Vessel 4. This is because the gains 
made during fishing are offset by the different total distances covered by each vessel during steaming and fishing 
activities. 
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1.5 Factors influencing fuel consumption  

The factors influencing fuel consumption (speed, weather conditions and fishing gear) were analyzed in detail 
using density plots from the data collected from vessel 4 and her sister vessels in 2024. 
 
The analysis shows that fuel consumption depends heavily on STW and more specifically on current velocity as 
skippers maintain a constant SOG during fishing. While an almost linear relationship exists between head 
currents and fuel rate, a "ceiling" around 170��180 l/h indicates that the engine reaches its power limit, forcing a 
reduction in speed to compensate for high resistance. During steaming, fuel consumption remains relatively 
constant because engine speed is fixed, meaning SOG is fluctuating due to current  
 
Environmental factors like wind and waves significantly impact fuel consumption once relative wind speeds 
exceed 10 m/s or head waves reach a significant height (Hs) of 1 m. However, it can be noticed that the influence 
of waves is limited compared to STW.  Sailing against a headwind can increase fuel consumption by up to 40 l/h, 
though this is often coupled with increased wave heights. Moreover, because skippers naturally adapt their speed 
to sea states, isolating the independent influence of waves remains a challenge. The influence of waves cannot be 
assessed separately from the influence of wind when analyzing such measurements. 
 
Net forces measured on the vessels are a dominant driver of fuel consumption and increase significantly with 
STW. The analysis of sister vessels (3, 4 and 5) reveals significant differences in how net forces correlate with 
fuel consumption, even though the ships share similar designs. This suggests that isolating the specific impact of 
gear design on the fuel consumption is challenging due to variables like catch weight and "hauling" events. To 
better quantify these influences, future research should focus on deducing catch weight during hauls and utilizing 
advanced modeling of dynamic, flexible net structures through fluid-structure interaction analysis. 
Moreover, the study highlights that SumWing technology allows for higher fishing speeds (at 5.8 knots) while 
maintaining net forces similar to traditional beam trawls at lower speeds (4.2 knots). While the SumWing is more 
fuel-efficient at low speeds due to reduced bottom friction, its operational advantage often pushes the vessel into 
a higher-speed, higher-resistance regime, resulting in higher overall fuel consumption. 
 

1.6 Modelling of the fuel consumption  

The fuel consumption of beam trawlers is driven by two primary components: hydrodynamic drag (water 
resistance of the vessel and the gear) and a friction  force (the gear dragging across the seabed). Of these two, 
hydrodynamic drag is a significant factor because it increases significantly with speed relative to water, meaning 
even a small increase in velocity (caused either by the vessel's speed or tidal currents) results in a large increase 
in resistance. Figure 1-1 shows the significantly higher resistance measured with and without a net dragged into 
the water (blue-green dots). 

 

Figure 1-1 - Comparison of calm water resistance: resistance estimation (Holtrop -Mennen method), shipyard 
sea trial data, and Holtrop-Mennen calculations combined with measured net forces projected longitudinally 

(Note: for reasons of confidentiality, values are omitted in this graph). 
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A simplified model was developed based on available data provided by the shipyards, showing good agreement 
with measurements (see Figure 1-2). Visible discrepancies are primarily attributed to uncertainties in specific 
variables, most notably the wake fraction, which describes how the hull shape affects water flow into the 
propeller. Methodology, assumptions and limitations of the model as well as further insights are reported in 
details. While the current model utilizes measured net forces to represent the fishing gear, it does not yet include 
a standalone hydrodynamic gear model. 
 

       
 

Figure 1-2- Scatter plot of measured and modelled fuel consumption, vessel 3, 2024. The dashed line 
represents the ideal line where measured and modelled values match. SFC = 300 g/kWh. 

 

1.7 Recommendations for further research  

Building upon the methodology and findings of the present study, the following areas are proposed for further  
investigation:  
 

�x Prioritize research into the dynamic forces of fishing gear, specifically modeling flexible net structures 
and their interaction with the currents, waves and seabed using open source software like MoorDyn v2 
to simulate net forces under various conditions. 

�x Further analyze the performance of "SumWing" and "Twin Rig" systems. Specifically, investigate how 
to optimize these gears for the specific speeds targeted by each vessel (or fisherman) 

�x Conduct a detailed study for each vessel to determine if skippers tend to sail against the current or 
with the current when fishing. 

�x Investigate the deliberate strategy of maintaining constant Speed Over Ground (SOG) versus constant 
engine rate to find the optimal balance between catch efficiency and fuel saving. 

�x Extend the fuel consumption factor analysis (currently focused on Vessel 4 and its sister ships) to the 
entire fleet 
 

�x Extend data collection beyond a single year (2024) to analyze how seasonal changes affect fuel 
consumption and operational patterns. 

�x Extend the detailed studies on propeller characteristics for the full fleet to identify the gap between 
current operation points and maximum efficiency peaks. 

�x Measure the friction force at the bottom of the gear and the specific angle between the warp and the 
vessel to gain deeper insight into net forces 
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1.8 Quick wins  

To achieve immediate fuel reductions and prepare for long-term efficiency, the following "quick wins" and 
strategic focuses have been identified: 

�x Data standardization:  A primary priority is addressing the disparity in data availability across the fleet 
by ensuring every vessel provides high-quality, comprehensive parameters necessary for robust 
comparative analysis. 

�x Gear optimization:  Since fishing accounts for 80% of trip duration and the majority of fuel 
consumption, research must focus on the fishing gear; specifically, finding the "sweet spot" where gear 
efficiency and vessel speed align to minimize consumption per unit of catch. 

�x Speed & resistance: While hydrodynamic drag increases significantly with speed, simple instructions 
to lower speed are complex to implement; however, avoiding excessive speeding and utilizing 
antifouling coatings can reduce hull resistance. 

�x Environmental awareness:  Currents significantly impact the fuel consumption; therefore, developing 
real-time decision support tools or "current-aware" tow planning can help skippers prioritize legs that 
align with favorable currents. 

�x Weather considerations:  The impact of weather is generally limited compared to net forces, except in 
severe storms where safety takes precedence over fuel optimization. 

�x Bidirectional data exchange: Establishing data sharing between shipyards and owners is essential; 
shipyards can use VISTools data to refine future designs based on actual operational points, while fishers 
�…�ƒ�•���„�‡�–�–�‡�”���ƒ�Ž�‹�‰�•���‘�’�‡�”�ƒ�–�‹�‘�•�•���™�‹�–�Š���ƒ���˜�‡�•�•�‡�Ž�ï�•���‘�’�–�‹�•�ƒ�Ž���†�‡�•�‹�‰�•���’�‘�‹�•�–�•�ä 

 

1.9 Conclusions 

This study analyzed 20 vessels of the Belgian fleet (primarily beam trawlers) using activities identification and 
trip identification algorithm s to isolate activities and report fuel consumption and catch efficiency analytics for 
12 vessels that passed rigorous data quality checks. The detailed analysis of full scale measurements reveal that 
fishing gear drag is the dominant contributor to fuel consumption, heavily influenced by tidal currents and 
�˜�‡�•�•�‡�Ž�ï�•�� �•�’�‡�‡�†. Wind and waves proved to be less important factors in this analysis. Identifying an "optimal 
speed" based on the measurements is difficult because fishermen typically operate at a single, consistent target 
speed. While simple numerical models based on vessel design and external factors can effectively estimate fuel 
consumption, full-scale measurements remain essential for accurately capturing real-world operating 
conditions. To advance toward the fishing vessel of future and optimize efficiency, the study recommends 
prioritizing data quality, developing numerical modelling of fishing gears, developing innovative gear, 
establishing a data-sharing loop between shipyards and owners, and developing real-time decision tools rather 
than relying solely on speed reduction. 
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2 INTRODUCTION 

Today, fisheries are heavily dependent on fossil fuels, making the frequent fluctuations in fuel prices a direct 
impact on the sector and creating an uncertain future perspective. Moreover, European policy is increasingly 
evolving towards regulations to make the fisheries sector more sustainable. The Belgian fishing fleet mainly 
consists of beam trawlers and is defined as a small mesh (80 mm) mixed demersal fishery. Beam trawl fishing is 
not perceived as an environmentally friendly way of fishing, as it is characterized by high fuel consumption 
(Lenoir et al., 2023). 
 
���Š�‡���’�”�‘�Œ�‡�…�–���ò���‹�•�•�‡�”�•�˜�ƒ�ƒ�”�–�—�‹�‰���˜�ƒ�•���†�‡���–�‘�‡�•�‘�•�•�–�ó�����–�Š�‡�”�‡�ˆ�‘�”�‡���—�•�†�‡�”�–�ƒ�•�‡�•���–�Š�‡���•�‡�…�‡�•�•�ƒ�”�›���’�”�‡�’�ƒ�”�ƒ�–�‹�‘�•���ˆ�‘�”���–�Š�‡���†�‡�•�‹�‰�•���‘�ˆ��
a vessel that consumes less energy and less/no fossil fuels. First, based on VISTools data, the parameters that are 
most decisive for consumption are identified, for different types of vessels and fisheries. These parameters are 
both environmental variables (waves, wind, etc.) and operational variables (metier, optimal fishing and steaming 
speed, etc.). For this purpose, the vessel characteristics are first collected with the cooperation of three shipyards. 
 
Subsequently, for the different types, it is determined how the vessels can be adapted in the short term (quick 
wins). In addition, preparations are being made to develop a vessel in the longer term with the most efficient 
hydrodynamic parameters (hull shape, propeller properties, etc.) and running on an alternative fuel (possibly 
hybrid). This includes determining the most suitable alternative fuels for fishing vessels. This last step is done by 
comparing different candidate fuels in terms of parameters such as availability, production cost, energy 
conversion, etc. Finally, it is identified which legislative restrictions (length and tonnage) may be obstructive in 
the development of a new generation of fishing vessels and which adjustments could have an impact on safety. 
 
The preceding results are fed back to the shipowners as advice. Through annual reports, they can easily interpret 
their consumption and compare it with anonymized, similar vessels. The quick wins that can be applied are 
incorporated into VISTools analytics. 
 
This project is a collaboration of eight partners (EV ILVO, UGent-SMT, UGent-TT, Padmos, Damen Maaskant, 
Bema, Rederscentrale, Agentschap Landbouw en Zeevisserij). All relevant results from the various parties are 
combined in an integrated report . 
 
The project is organized in 7 work packages ���ò���‹�•�•�‡�”�•�˜�ƒ�ƒ�”�–�—�‹�‰���ƒ�•���‡���‘�‡�•�‘�•�•�–�4���‡�”�•�’�ƒ�•�•�‡�–�–�‡�•�4���Ž�ƒ�•�•�‹�•�‰�á�ó���•�ä�†�ä��: 

�x WP0: Coordination (EV ILVO) 
�x WP1: Current situation(EV ILVO, UGent-SMT, UGent-TT, Padmos) 
�x WP2: Design future vessels (UGent-SMT, UGent-TT, Padmos, Maaskant, BEMA, EV ILVO) 
�x WP3: Advices to shipowners (UGent-SMT , EV ILVO) 
�x WP4: Data management (EV ILVO) 
�x WP5: Legal Framework (UGent-SMT, UGent-TT, Padmos, Maaskant, BEMA, EV ILVO) 
�x WP6: Communication (EV ILVO, UGent-SMT, UGent-TT, Padmos, Damen Maaskant, Bema, 

Rederscentrale, Agentschap Landbouw en Zeevisserij) 
�x WP7: Roadmap (EV ILVO, UGent-SMT, UGent-TT, Padmos, Damen Maaskant, Bema) 

 
This report presents the findings of the UGent-SMT research. Section 3 describes the analysed fishing fleet. This 
is followed in section 4 by a qualitative analysis of the VISTools data that were analysed in this study (WP1.1). 
Section 5 gives advice on the content of operational reports (WP3), which are provided in Appendix 3. Section 6 
presents the analysis of fuel consumption per group (W1.4). The influence of external factors in the current 
situation (WP1.3) is presented in section 6.8. Insights on numerical models development are provided in section 
0 based on the collection of additional data (WP1.2). Quick wins and recommendations for future vessel design 
research (WP2.1) are provided in section 9 alongside recommendations for the follow-up project (WP7). Overall 
conclusions are presented in section 10.   
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3 DESCRIPTION OF THE ANALYZED FISHING FLEET 

3.1 Background and context of the Belgian fishing fleet  

A description of the Belgian fishing fleet, the gears being used and the policy and innovations that have been 
introduced during the last decade is provided by (Lenoir et al., 2023), which serves as a source of background 
information in the assessment of the Belgian fishery in terms of sustainability. Figures on landings and economic 
results of the Belgian shipping companies are published by The Flemish government. 
 
An extensive literature review focusing on the Belgian fishing fleet and the fuel consumption characteristics of 
beam trawlers was given by (Bossuyt, 2024). Belgian fishing fleet can be divided into two main groups based on 
engine power: the Large Fleet Segment (LFS) (over 221 kW), which contains 32 vessels, primarily large beam 
trawlers, and the Small Fleet Segment (SFS) (up to 221 kW), which consists mainly of coastal fishers and 
�6�‡�—�”�‘�„�‡�ƒ�•�‡�”�•�ó�ä�����‡�•�’�‹�–�‡���•�‘�•�‡���‹�•�˜�‡�•�–�•�‡�•�–�á���–�Š�‡���‘�˜�‡�”�ƒ�Ž�Ž���ƒ�‰�‡���‘�ˆ���–�Š�‡���ˆ�Ž�‡�‡�–���‹�•���Š�‹�‰�Š�á���™�‹�–�Š���‘�•�Ž�›���s�t���•�Š�‹�’�•���›�‘�—�•�‰�‡�”���–�Š�ƒ�•���t�r��
years old and 9 vessels older than 40 years.  
 
Belgian fishers are active in various areas, including the North Sea and the Bay of Biscay, though the North Sea 
serves as the main fishing ground (Figure 3-1). The most significant activity occurs in the (Agentschap Landbouw 
en Zeevisserij, 2025): 
 

�x Eastern Channel (7.d): accounts for 32% of the total supply. 
 

�x Central North Sea (4.b): accounts for 21%. 
 

�x South-East Ireland (7.g): accounts for 15%. 
 

�x Southern North Sea (4.c): accounts for 11%. 
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Figure 3-1 - Activity of the Belgian fishing fleet in different ICES areas - 2022-2024 (Agentschap Landbouw en 
Zeevisserij, 2025). 
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3.2  Characteristics of the analyzed vessels 

Fort this study, 20 Belgian fishing vessels agreed on sharing data recorded in VISTOOLS (ILVO, 2025a). Table 3-2 
gives an overview of the different vessels, listing for each vessel the identification number, the length over all, 
the length between perpendicular, the beam, the moulded draft at midship, the longitudinal and lateral windage 
areas, the gross tonnage, the power, the built year and the type of fishing gear associated to the target species.  
 
The different fishing techniques used by the analysed vessels are illustrated in Table 3-1.  It can be seen from 
Table 3-2 that the majority of the vessels investigated are beam trawlers. It may be noted that the metier for 
vessel 7 is missing, as the necessary input data�� the list of gear types used for each trip�� was not provided. The 
metier for all other vessels was automatically identified from the gear types documented in the Trip CSV files (cf. 
Section 4.3.1).  
 
The ships can be divided into different groups or categories, depending on the parameter used and these 
proposed groups are detailed in Table 3-3. A first distinction is made by ILVO based on power. 19 vessels are 
within the large fleet segment (>221 kW) which operates beyond the 12-nautical-mile coastal zone (Figure 3-2). 
Vessel 1 is the only vessel operating in the 12-nautical mile coastal zone (<221 kW). Groups can also be based on 
the Block Coefficient (CB) and Length-to-Beam ratio (L/B) as those parameters are the most important for hull 
resistance of a ship. The hull parameters of the different vessels are reported in Table 8-2 and Table 8-3 in section 
0. These groups are used for the detailed analysis of operational trends in section 6 because they effectively 
distinguish small vessels (Group 1) from large vessels (Groups 2 and 3) since most of vessels have similar beam. 
Among the large vessels, most older designs fall into Group 3. This is logical, as newer designs typically seek to 
optimize hull shape, thereby reducing (CB). Specific exceptions include vessel 35, an older design with a smaller 
beam, and vessels 7, 11, and 26, which are also older but have a smaller block coefficient (based on data received 
from vessel 26). Vessels can also be grouped by built year and gross tonnage. 
 

  
Figure 3-2 - Example of beam trawler from the large fleet (source: IJTAMA1). 

 
Table 3-1 - Fishing gears (He et al., 2021) 

Dredges Otter bottom trawl  (OTB) Fly shoot  Beam trawl  (TBB)  

    

    
 
1 https://www.ijtama.nl/projecten/z -483-jasmine/#swiper -68 
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Table 3-2 - Overview of the main characteristics of the vessels that were analysed in this study. 

ID 

number  

Length 

over all  

Length 

between 

perp.  

Breadth  

Midship 

Draft 

(moul ded

) 

Long. Area Lat. area 
Gross 

Tonnage 
Power  Built year  Dredges Otter bottom trawl   Fly shoot  Beam trawl   

ID LOA LPP B TM Ax Ay GT P 
(-) Molluscs 

Demersal 

fish 

Mixed 

demersal 

species 

Scottish 

Seine 
Shrimp 

Demersal 

fish (-) (m) (m) (m) (m) (m²)  (m²)  (-) (kW) 

1 21.15 19.00 5.8 2.6 - - 78 202 2021 x    x x 

2 37.89 32.98 8.5 - - - 385 959 1999      x 

3 37.95 36.15 8.5 3.8 64.33 204.10 385 749 2020      x 

4 37.95 36.15 8.5 3.8 64.33 204.10 385 749 2020      x 

5 37.95 36.15 8.5 3.8 64.33 204.10 385 749 2019      x 

7 33.67 30.30 7.9 - - - 273 750 1991       

10 21.99 21.55 6.2 2.2 - - 100 221 1987  x x   x 

11 34.90 30.87 8.5 3.6 - - 284 707 1984      x 

12 34.50 31.69 8.0 3.9 60.80 156.54 322 989 2019  x    x 

13 37.84 32.85 8.5 3.6 58.65 169.10 386 905 1999      x 

17 37.80 33.01 8.5 3.9 58.65 170.40 325 749 1992      x 

19 38.00 33.30 8.6 3.9 59.34 170.90 388 957 1999      x 

22 37.72 33.95 8.6 - - - 396 942 1994      x 

24 36.11 32.50 8.1 - - - 351 942 1999      x 

25 37.90 33.63 8.5 3.8 59.34 174.20 384 960 2021      x 

26 32.50 29.00 8.0 3.1 42.40 115.52 251 706 1981      x 

29 27.50 23.80 7.7 3.3 50.82 123.74 265 578 2011  x  x   

31 37.84 32.95 8.5 3.8 59.50 183.90 389 749 2001      x 

35 38.90 34.35 8.0 3.8 52.80 163.30 372 959 1989      x 

37 37.80 32.95 8.5 3.7 - - 388 960 1996      x 
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Table 3-3 �� Categorization of the vessels based on different key parameters 

Grouped by:  Group 1 Group 2 Group 3 

Power 
P1 < 221 kW < P2 

1 2,3,4,5,7,13,17,19,22
,24,25,31,35,37 

- 

�.�È�º  
20 < G1 < 30 < G2 < 35 < G3 < 40 m 

1, 10, 29 7,11,12, 26 2,3,4,5,13,17,19,2
2,24,25,31,35,37 

�o�n and 
�x�–�–

�n
 (see 8.4.1) 1, 10, 29 3,4,5,7,11,12,25,26

,35 
2,13,17,19,22,2 4
, 31, 37 

Built year 
1980 �� 2000; 2000 �� 2015; 2015 - 
2025 

2, 7, 10, 
11,13,17,19,22,24,26,
35,37 

29,31 1,3,4,5,12,25 

GT 
0 - 200; 200 - 300; 300 - 400 

1,10 7,11,26,29 2,3,4,5,12,13,17,1
9,22,24,25,31,35,
37 

 
In the present study, it is assumed that the loading conditions do not vary significantly during a trip and the draft 
of the vessel is considered to be close to the draft TM provided in Table 3-2. From stability booklets, different 
loading conditions can be identified including typical ones for operation conditions. From the example provided 
in Table 3-4, it can be noticed that there could be 0.30 m difference between leaving the port and arriving to the 
harbour. This difference can have an influence on the fuel consumption due to the change in wetted surface. For 
the present study, the draft is not monitored and therefore only the design draft at midship TM  indicated on the 
lines plan and the general arrangement  is taken into account (TM = 3.3 m for vessel 29 used in the example). 

Table 3-4 - Example of different loading conditions for vessel 29.  

Case Loading condition  Draft Fore Draft 
Midship  

Draft Aft  

  TF [m]  TM [m]  TA [m]  

1 Lightship 2.121 2.798 3.475 
2 Departure from harbour, 98% bunker, fishing gear. 3.089 3.300 3.511 
3 Departure fishing ground, 100% catch in hold, 50% bunker, 

fishing gear. 
3.013 3.346 3.678 

4 Arrival harbour, 100% catch in hold, 10% bunker, fishing 
gear 

2.724 3.162 3.601 

5 Arrival harbour, 20% catch in hold, 10% bunker, fishing 
gear 

2.479 3.032 3.585 

6 Light, 10% bunker, fishing gear 2.393 2.987 3.580 

 
Windage areas are also useful characteristics of the fishing vessels (see Figure 3-3). They can be retrieved from 
the General Arrangement plans provided by the shipyards or from the stability booklet. When the frontal area is 
not provided, it is approximated by multiplying the vessel's beam by the height of the wheelhouse after 
subtracting the draft.  The difference in the draft is considered too small to affect the final calculation of wind 
areas 
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Figure 3-3 - Windage areas of vessel n°3 (frontal area Ax = 64.33 m², lateral area  Ay = 204.1 m²) 

3.3 Innovative fishing gear  

Rising fuel costs have driven the development of alternatives to the conventional configuration of traditional 
beam trawls. Information about the type of gear that each vessel uses is provided per trip for in VIStools (see 
section 4.3.1) using the GearTypeCode provided in TRIP CSV files. For example: beam trawl (TBB) and bottom 
otter trawls (OTB). In one case, the column GearCode was also used to identify if SumWing technology was used. 
The column GearCode is filled manually by the fishermen and in the course of this analysis the following values 
were found: 

- Boomkor 
- boomkor 
- csh 
- eurovistuig 
- Flyshoot 
- gewone_sloffen 
- Langoustines 
- OTB 
- rolslof 
- rolslof_80mm 
- ROLSLOF_OCTOPUS 
- SCE 
- selectieve_boomkor 
- Steennet 
- steennet_80 
- Steennets 
- Steennetten_Oost 
- sum 
- Sumwing 
- sumwing 
- sumwing_met_flappers 
- Sumwings_V_KOR 
- TBB 
- TBB___Tong 
- TBB_80 
- TBB120 
- tong 
- Twinrig  
- Twinrig___Quadrig 
- V_kor 
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- v_nets_80mm 
- visnet 
- Windroos_groen 

 
It is considered that for easier analysis in the future, a restricted list of standard codes is provided to the 
fishermen from which they can select for this field. For example, to identify the use of SumWing technology, five 
of the codes listed above were used. 
It should also be noted that the TRIP CSV files contain additional columns with extra information on the gear 
used but it was noted that this information did not always seem consistent (e.g. blank cells for 
NumberOfNetsPerGear). After revision of a first version of this report, an overview of the gear code and 
specifications was provided by ILVO in Table 3-5 for clarification . 

Table 3-5 �� Additional details about the fishing gear of the analysed vessels (provided by ILVO). 

Vessel 
ID Gear Type Code Gear Type meaning Specifications 

1 
TBB_DEF Beam trawl on demersal species Classical shoes 
DRB_MOL Dredge on molluscs Dredge 
TBB_CRU Beam trawl on crustaceans Classical shoes 

2 TBB_DEF Beam trawl on demersal species Roller shoes 
3 TBB_DEF Beam trawl on demersal species Roller shoes 
4 TBB_DEF Beam trawl on demersal species Roller shoes 
5 TBB_DEF Beam trawl on demersal species Roller shoes 

10 

OTB_MCD Bottom otter trawl on crustaceans and demersal species Quadrig 
OTB_DEF Bottom otter trawl on demersal species Twinrig 
OTB_DEF Bottom otter trawl on demersal species Single rig 
TBB_DEF Beam trawl on demersal species Classical shoes 

11 TBB_DEF Beam trawl on demersal species Ecoroll 

12 
OTB_DEF Bottom otter trawl on demersal species Twinrig 
OTB_DEF Bottom otter trawl on demersal species Quadrig 
TBB_DEF Beam trawl on demersal species Ecoroll 

13 
TBB_DEF Beam trawl on demersal species SumWing 
TBB_DEF Beam trawl on demersal species Roller shoes 

17 
TBB_DEF Beam trawl on demersal species SumWing 
TBB_DEF Beam trawl on demersal species Roller shoes 

19 
TBB_DEF Beam trawl on demersal species SumWing 
TBB_DEF Beam trawl on demersal species Roller shoes 

22 
TBB_DEF Beam trawl on demersal species SumWing 
TBB_DEF Beam trawl on demersal species Roller shoes 

24 TBB_DEF Beam trawl on demersal species Roller shoes 

25 
TBB_DEF Beam trawl on demersal species SumWing 
TBB_DEF Beam trawl on demersal species Roller shoes 
TBB_DEF Beam trawl on demersal species Classical shoes 

26 TBB_DEF Beam trawl on demersal species Roller shoes 

29 
OTB_DEF Bottom otter trawl on demersal species Twinrig 
SSC Flyshoot Flyshoot 

31 TBB_DEF Beam trawl on demersal species Sumwing 
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Vessel 
ID Gear Type Code Gear Type meaning Specifications 

35 TBB_DEF Beam trawl on demersal species Roller shoes 
 TBB_DEF Beam trawl on demersal species SumWing 

37 TBB_DEF Beam trawl on demersal species SumWing 
 
Suuronen et al. (2022) give an overview of the new technologies that can be used for fuel efficient fishing. 
However, they also point out that each fishing gear and practice has advantages and disadvantages, and the 
suitability of each gear largely depends on the conditions and species to be targeted. In this report, two specific 
types are discussed further because they are being used by some of the vessels.  
 

3.3.1 SumWing 

In 2006, Dutch researchers developed the SumWing, a hydrofoil-shaped beam that innovatively combines a nose 
and a wing (illustrated in Figure 3-4) to replace the traditional beam. This technology, well-established in the 
Netherlands, was adopted by Belgian fishers starting in 2009. 
 
The wing is positioned at the rear and generates lift. It creates a downward force until the nose (the front part) 
contacts the seabed. From this point, the wing is angled to maintain the gear in balance just above the bottom. As 
the seabed topography changes, the nose automatically adjusts the wing's angle, allowing the gear to essentially 
"fly" over the ground. 
 

 

Figure 3-4 �� SumWing system. 

This design substantially lowers pressure on and drag from the seabed, reducing the required towing force. As a 
result, the SumWing offers an 11% reduction in fuel consumption compared to traditional beams without a 
significant impact on catch efficiency (van Marlen et al., 2009). Belgian vessels using the innovation have 
reported comparable fuel savings ranging from 13% to 23% (Bastardie et al., 2022). 
 
The SumWing performs optimally on hard, flat ground. It is less effective and requires more frequent 
maintenance (e.g., after one year) on soft, uneven bottoms (IMARES, 2013). However, conventional trawl shoes 
also demand regular upkeep, suggesting the lower operational fuel costs of the SumWing may make it more 
economically advantageous overall. 
 
In the present study, SumWing is used by vessels 17,22, 25, 31, 35 and 37. 

3.3.2 OTB  

Whereas beam trawls use a rigid steel beam to hold a net open, bottom otter  trawls use large, angled "doors" 
(otter boards) to hold the net open, allowing for much larger, versatile, and high-headline nets to catch both 
bottom and off-bottom fish.  A good overview on the development of refining otter board designs to improve 
their hydrodynamic efficiency and reduce interaction with the seabed is given by (Eighani, 2024). 
 
Figure 3-5 shows a typical (single-rig)  otter bottom trawl  (Sala, 2013).   
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Figure 3-5 �� Typical demersal otter trawl with specification of the main gear rigging (e.g. warps, sweeps, doors 
and bridles) (Sala, 2013). 
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Figure 3-6 �� Example of a twin rig trawl ���ò���‡�ƒ�ˆ�‹�•�Š�ä�‘�”�‰�á�ó���t�r�t�x��. 

 
Among these otter bottom trawls, twin rig and multirig trawl systems have improved species selectivity in trawls 
(Feekings et al., 2016)(Feekings et al., 2016). Improved demersal trawl design using high strength materials and 
the use of larger meshes in net areas have led to designs that aim at reducing fuel consumption without affecting 
catching power (Sala, 2013). 
 
A twin-rig otter bottom trawl utilizes two smaller nets on each side of the vessel, as shown in Figure 3-6. Different 
types of rigging can be used for twin bottom otter trawls, e.g. two-warp and three-warp trawls  (He et al., 2021).   
. This alternative configuration offers reduced resistance when towed at the same speed as a standard beam 
trawler, leading to the potential for significant reductions in fuel use (Vistikhetmaar, 2020). Quadrig are also 
used by some vessels. 
 
In the present study, OTB is used by vessels 10, 12 and 29.   
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4 DATA QUALITY, PRE-PROCESSING AND IDENTIFICATION OF 
ACTIVITIES 

4.1 Data Confidentiality and Anonymization  

Due to Non-Disclosure Agreements (NDAs) established with the participating shipowners, all results presented 
in this report are anonymized. Specific identifiers for vessels and trips have been removed to protect commercial 
and operational confidentiality. Data analysis is reported in aggregate or via masked identifiers to ensure 
compliance with these agreements while maintaining the integrity of the research findings. Moreover, some 
vessels characteristics are also protected by a NDA established with the shipyards and therefore confidential 
technical characteristics are not reported. 
 

4.2 Data quality environmental data  

4.2.1 Current, wave and wind data 

Current and wave data are not part of the VISTools data. However, data about the sea state and currents are also 
important for determining the main factors influencing fuel consumption. Therefore, current,  wave and wind 
data are added through an external dataset provided by the EU Copernicus Marine Service (see Table 4-1). The 
���‘�’�‡�”�•�‹�…�—�•�� ���”�‘�‰�”�ƒ�•�•�‡�� �‹�•�� �–�Š�‡�� ���—�”�‘�’�‡�ƒ�•�� ���•�‹�‘�•�ï�•�� ���ƒ�”�–�Š�� ���„�•�‡�”�˜�ƒ�–�‹�‘�•�� ���”�‘�‰�”�ƒ�•�•�‡�� �–�Š�ƒ�–�� �’�”�‘�˜�‹�†�‡�•�� �ˆ�”�‡�‡�� �ƒ�•�†�� �‘�’�‡�•��
access to, among others, an extensive marine database (https://marine.copernicus.eu). Atmospheric reanalysis 
data can be obtained from the European Centre for Medium-Range Weather Forecasts (ECMWF). Oceanographic 
data are provided by the Copernicus Marine Service (CMEMS).  
 
For the current, the dataset Atlantic-European North West Shelf-Ocean Physics Reanalysis 
(https://doi.org/10.48670/moi -00059) is used. From this dataset two parameters are extracted: the northward 
current velocity �R�4 and the eastward current velocity �Q�4. Both are measured in m/s. At the point of writing, this 
data ranges to 01/01/2025. This date is therefore set as the time limit for the analysis of environmental data in 
this report. 
 
The dataset Atlantic-European North West Shelf-Wave Physics Reanalysis (https://doi.org/10.48670/moi -
00060) is used for waves. Three parameters are used from this dataset: spectral significant wave height �*�æ (the 
mean wave height of the largest 33% waves), mean wave direction �E�k  and the wave peak period �6�ã. 

 
For wind, the dataset Global Ocean Hourly Reprocessed Sea Surface Wind and Stress from Scatterometer and 
Model (https://doi.org/10.48670/moi -00185) is used. The dataset is only stored for 2 years (e.g. from 2023-
04-27 20:00:00 to today). Two parameters are used from this dataset: eastward wind velocity �Q�4�È  and 
northward wind  velocity �R�4�È . 

 
The data retrieved from Copernicus Marine differ in temporal and spatial resolutions compared to the VISTools 
data. Specifically, the current data is hourly with a spatial grid of roughly 7 km, while the wave data is available 
every three hours on a grid of approximately 1.9 km (longitude) by 1.5 km (latitude). The wind data is available 
on a global grid with a regular horizontal latitude and longitude spacing of 0.125° at a height of 10 m above sea 
level.  
 
The wave, current and wind data are interpolated spatially and temporally to the vessel's GPS data. While this 
approximation introduces a factor to consider during results analysis, it is deemed sufficiently accurate for the 
scope of this study. 
 

https://marine.copernicus.eu/
https://doi.org/10.48670/moi-00059
https://doi.org/10.48670/moi-00060
https://doi.org/10.48670/moi-00060
https://doi.org/10.48670/moi-00185
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���–���•�ƒ�›���„�‡���•�‘�–�‡�†���–�Š�ƒ�–���–�Š�‡���†�ƒ�–�ƒ�•�‡�–���ò���–�Ž�ƒ�•�–�‹�…��- European North West Shelf - ���…�‡�ƒ�•�����Š�›�•�‹�…�•�����•�ƒ�Ž�›�•�‹�•���ƒ�•�†���	�‘�”�‡�…�ƒ�•�–�ó��
could be used for recent predictions and forecast (https://doi.org/10.48670/moi -00054). This model has a finer 
grid (3 km) at quarter-hourly frequency providing 10-day forecast (updated every day). However, this dataset is 
not recommended for historical data (historical forecasts are not kept and the accuracy is low, especially for 
forecasting). 
 

Table 4-1 - Copernicus Marine datasets 

Data 
type  

Dataset Link  

Current Atlantic-European North West Shelf-Ocean Physics 
Reanalysis 

https://doi.org/10.48670/moi -00059 

Wave Atlantic-European North West Shelf-Wave Physics https://doi.org/10.48670/moi -00060 
Wind Global Ocean Hourly Reprocessed Sea Surface Wind and 

Stress from Scatterometer and Model 
https://doi.org/10.48670/moi -00185 

 
The area covered by the analysis extends from longitudes -10° to 10° and latitudes 45° to 60° (see Figure 4-1). 
For example, it can be seen that from October to December 2024, the maximum current velocity VF ranges from 
0 to 3 m/s, the maximum significant wave height Hs ranges from 0 to 8 m and the maximum true wind speed VWT 
ranges from 0 to 30 m/s. 

https://doi.org/10.48670/moi-00054
https://doi.org/10.48670/moi-00059
https://doi.org/10.48670/moi-00060
https://doi.org/10.48670/moi-00185
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Figure 4-1 �� Spatial distribution of maximum current speed VF (a), maximum significant wave height HS (b) and 
maximum true wind speed VWT (c) in the area covered by the analysis. 

4.2.2 Bathymetry 

The composition of the seafloor, which can range from mud to rock, greatly affects fishing operations. For benthic 
fishing , the type of seabed determines the drag on nets, which in turn influences gear performance and a vessel's 
fuel consumption (Ghorai et al., 2025). 
 
(Bossuyt, 2024) analysed this relationship by collecting the bathymetry of the areas where the fishing vessels 
operate from the European Marine Observation and Data Network (EMODnet) and from EUSeaMap 2023, which 
provides details about the substrates at different coordinates. Figure 4-2 illustrates how fuel rate varies across 
different seabed substrates, using data recorded at a constant speed of 4 knots to eliminate speed-related 
influences (Bossuyt, 2024). Most substrates show similar fuel rates, with the exception of sandy mud or muddy 
sand, which exhibits a slightly higher average fuel rate but also numerous low outliers. Sand, the most common 
substrate, displays a broad range of values. This variability may stem from unaccounted terrain changes; for 
instance, towing up an underwater sand dune demands more power than towing over flat terrain. Differences 
between soft and hard substrates are also not evident. Furthermore, no correlation was observed between net 
forces and bathymetry. Given the lack of a clear dependency on bathymetry, this factor was excluded from further 
analysis. 
 
 
 

a) b) 

c) 
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Figure 4-2 - Boxplot of fuel rate versus bathymetry (Bossuyt, 2024). 

 

4.3 Data quality VISTools  

4.3.1 Parameters 

To help fishermen to get a better insight into their fuel consumption and fishing behaviour ILVO created VISTools 
(ILVO, 2025a). On this platform, fishers have access to real-time feedback on their vessel performance by 
monitoring data such as fuel consumption, GPS positions, and haul times. 
 
20 Belgian fishing vessels (shown in Table 3-2) agreed on sharing data recorded in the VISTools system. The full 
list of measurements can be found in Table 4-2. It is important to note that the depth of analysis may vary 
between vessels due to inconsistencies in parameter availability and data logging intervals. The parameters 
available per vessel are listed in Table 4-3, which also includes their associated time ranges. Nevertheless, the 
table does not indicate whether these temporal spans cover full or partial years. A notable challenge in the data 
processing was the creation of standardized pre-processing tools compatible with all vessels, irrespective the 
type or amount of gaps. 
 
���Š�‡���–�”�ƒ�…�–�‹�‘�•���‹�•���•�‡�ƒ�•�—�”�‡�†���‹�•���–�Š�‡���Ž�‹�•�‡���‘�”���‹�•���–�Š�‡���™�‹�•�…�Š���†�‡�’�‡�•�†�‹�•�‰���‘�•���˜�‡�•�•�‡�Ž�ï�•���–�›�’�‡���ƒ�•�†���’�”�‘�…�‡�•�•�‡�†���‘�•���„�‘�ƒ�”�†���–�‘���†�‹�”�‡�…�–�Ž�›��
provide the total force in the warp of the nets. 
 
It may be noted that the data provided from the anemometer was not used in the present study due to the weak 
correlation between the measured wind speed and the Copernicus data (ILVO, 2025b).   
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Table 4-2 - List of parameters that were collected for the study. 

Dataset  
(CSV files) Sensor system Parameters  

 
Unit  

GPS GPS on vessel Latitude, Longitude  degrees 

Speed  knots 

Direction (COG)  degrees 

Time  UTC 

Speedlog Doppler on vessel Speed  knots 

Catch Marelec or VCU scales Weight  kg 

Species 
 Custom 

 FAO Code 

Time  UTC 

Traction Marelec towing force meter Towing force right  kg 

Towing force left  kg 

Rope length right  m 

Rope length left  m 

Time  UTC 

Main engine Information from ABC engines or Marelec fuel 
consumption meter 

Fuel consumption  Litres 

Engine load  % 

Engine speed  RPM 

Fuel rack position  % 

Time  UTC 

Auxiliary 
engine(s) 

 
Fuel consumption  Litres 

Time  UTC 

Weather Airmar 120 WX Air pressure  bar 

Air temperature  °C 

Relative wind chill 
temperature 

 
°C 

Theoretical wind chill 
temperature 

 
°C 

Magnetic wind direction  degrees 

True wind direction  degrees 

Wind speed  m/s  

Time  UTC 

Propeller  Speed  RPM 

Torque  Nm 

Power  kW 

Haul Manual entry Shoot time  UTC 

Haul time  UTC 

Weighing time  UTC 

Trip  Manual entry Start time  UTC 

End time  UTC 

Gear type  FAO Code 
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Table 4-3 - Parameters available per vessel and time period 2025 

ID Catch Main Engine Fuel GPS Haul Speedlog TRIP Propeller  Traction  

          

1 2024-2025  2024-2025 2022-2025 2024-2025  2024-2025   

2 2023-2025  2022-2025 2022-2025 2023-2025  2022-2025  2022-2025 

3  2023-2025 2022-2025 2022-2025 2022-2025  2022-2025  2022-2025 

4 2022-2025 2023-2025 2022-2025 2022-2025 2022-2024  2022-2025  2022-2024 

5 2022-2025 2023-2025 2022-2025 2022-2025 2022-2025  2022-2025  2022-2025 

7   2023-2025 2023-2025 2024-2025  2023-2025  2023-2025 

10 2023-2025  2023-2025 2023-2025 2023-2025  2023-2025  2023-2025 

11 2023-2025  2023-2025 2023-2025 2023-2025  2023-2025  2023-2025 

12 2023-2025  2023-2025 2023-2025 2023-2025  2023-2025  2023-2025 

13   2023-2025 2023-2025 2024-2025  2023-2025  2023-2025 

17 2023-2025  2024-2025 2023-2025 2023-2025  2023-2025  2023-2025 

19 2023-2025  2024-2025 2023-2025 2023-2025  2023-2025  2023-2025 

22   2023-2025 2023-2025 2023-2025  2023-2025  2023-2025 

24 2023-2025  2024-2025 2023-2025 2023-2025  2023-2025  2023-2025 

25 faulty 2023-2025 2023-2025 2023-2025 2024-2025 2024-2025 2023-2025 2025 2023-2025 

26 2024-2025  2023-2025 2023-2025 2024-2025  2023-2025  2023-2025 

29 2024-2025   2023-2025 2024-2025 2023-2024 2023-2025   

31 2025  2024-2025 2024-2025 2025  2024-2025  2024-2025 

35 2024-2025  2023-2025 2023-2025 2024-2025  2023-2025  2023-2025 

37 2024-2025  2023-2025 2023-2025 2024-2025  2023-2025  2023-2025 

 

4.3.2 Accuracy of the sensors 

 
The accuracy of the different sensors (according to manufacturer specifications) is given in Table 4-4 and 
discussed more into details in the flowing sub sections. 

Table 4-4 - Accuracy of the sensors 

GPS 

position  

GPS 

velocity  

GPS 

heading  

Net 

forces 

Fuel 

consumption  

Engine 

RPM 

Engine 

load 

Torque 

measurement  

Propeller 

RPM 

Catch 

1m 0.1 knots 1° 1% 1% +-2RPM Approx. 0.1% +-2 RPM 0.1% 

 
 
4.3.2.1 GPS data 

The reliability of GPS data is generally acceptable, as the number of available satellites is most of the time larger 
than four. High positional accuracy is not strictly necessary for this application. However, it is important to check 
the distance between consecutive GPS points, particularly when deriving time-dependent information. Figure 
4-3 visualises the distribution of number of satellites for vessel 3 in 2023. The colour intensity (from dark 
blue/purple to bright green) indicates the relative concentration of data points for specific number of satellites 
(Y-axis) within each day of the year (X-axis). Bright green signifies a higher density of measurements at that 
particular time difference. The number of satellites is provided for all vessels in Appendix 2. 
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Figure 4-3 - Heatmap showing the distribution of the number of observed GPS satellites for vessel 3 in 2023. 

4.3.2.2 Doppler sensor s on vessels 25 and 29 

Because Doppler sensors were installed on vessel 25 and vessel 29, the current velocities can be compared to 
the hindcast data in January 2024 and June 2024 respectively. 
 
Speed through water derived from the vessel's Doppler log is compared against speed through water 
recalculated from ocean current data provided by the Copernicus Marine Service (CMEMS). While the Doppler 
log provides a direct measurement of the vessel's velocity relative to water at the hull in the longitudinal 
direction of the ship, the CMEMS data represents modelled ocean currents, which, when combined with vessel 
GPS speed over ground, provide an estimation of speed through water. From the example provided on Figure 4-4 
it can be observed that the variation in time of the speed through water measured from the Doppler log on vessel 
25 and retrieved from Copernicus Marine is similar. The 7h low tide �� high tide pattern is clearly visible during 
this example of fishing session during which the vessel is towing the net back and forth.  However, an offset is 
observed between the Doppler log and the data retrieved from Copernicus Marine. From the observations in June 
2024 and January 2024, it can be concluded that the Doppler log is overestimating the speed through water by 
10% for vessel 25 (Figure 4-5) and only by 2 % for vessel 29 (Figure 4-6) respectively. Larger variations can be 
observed for vessel 29 because quasi-steady data could not be identified due to lack of engine and fuel data (cf. 
4.3.4). 
 
Ship speed through water (STW) is critical for performance evaluation (see section 0 below). Although, the 
precision of the doppler logs is questionable in waves, STW can also be accurately estimated from propeller shaft 
measurements as proposed by Dalheim and Steen (Dalheim and Steen, 2021). Although this investigation is not 
done in the present study, the data collected allow to conduct such a study for further research when there is a 
doubt about the STW value measured from the Doppler logs (as long as propeller measurements are available). 
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Figure 4-4 ��  Measured speed over ground by GPS compared to speed through water measured by Doppler and 
calculated from hindcast data during 13 legs going back and forth (heading 270° / heading 90°) - Vessel 25 - 

June 09th 2024 

 
 

 

Figure 4-5 - Comparison STW Doppler log vs STW from Copernicus Marine, Vessel 25, June 2024. R²=0.9917 
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Figure 4-6 - Comparison STW Doppler log vs STW from Copernicus Marine, Vessel 29, January 2024. R²=0.9791 

 
4.3.2.3 Engine speed and engine load 

Engine speed and engine load can be analysed to determine the amount of power the vessel's engine is delivering. 
 
The dataset includes measurements from ABC engines installed on vessels 3, 4, 5, and 25. For vessel 3, the engine 
speed is measured using a Hall sensor on the flywheel that detects the passing teeth. The flywheel has 258 teeth, 
which gives a measurement resolution of 3.19 RPM at the nominal engine speed of 825 RPM. This means that 
changes in engine speed smaller than 3.19 RPM are difficult to resolve accurately. Although the measurement 
includes filtering, a single missed tooth detection can introduce an error of approximately +/ -1 RPM. The overall 
precision of the engine speed measurement is specified as +/-2 RPM. 
 
The engine load is an estimate derived from the position of the injection pumps. This position is measured in 
millimetres  (from 0 to 35 mm) and then converted to an estimated engine load, which represents the torque on 
the flywheel. This measurement is not considered reliable for precise calculations such as fuel consumption. 
Instead, its primary purpose is to provide an indication of the load to other systems, like a controllable pitch 
propeller, and to the operator. 
 
Figure 4-7 and Figure 4-8 show a significant difference in operating loads between the vessel 3 and 4. Specifically, 
the engine load for vessel 3 appears to be overestimated. This conclusion is drawn because the measured load 
for vessel 3 exceeds the maximum load provided by the engine manufacturer, which is physically impossible. 
This could be ascribed to the accuracy of the load measurement. 
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Figure 4-7 �� Engine load compared to engine speed during fishing in 2023 for vessel 3 and 4. 

 

 

Figure 4-8 �� Engine load compared to engine speed during steaming in 2023 for vessel 3 and 4. 

 
4.3.2.4 Torque measurement  

Analysing torque measurements is key to identifying the optimal propeller and engine settings, thereby verifying 
the vessel is operating as efficiently and effectively as designed. The quality of torque measurements can be 
assessed by comparing the measured data against the propeller's open water characteristics (see section 8.5.2). 
Open water diagrams are provided by the propeller manufacturer and contains a propeller's dimensionless 
torque and thrust coefficients �-�Ê and �- �Í  as a function of its advance coefficient �,. Those coefficients can also be 

calculated from the measured torque �3, propeller rotation rate �J, and advance speed �8�Ô:  
�-�Ê 
L �é�J�6�&�9�3 �:�'�M�ä�s�; 

 

�, 
L
�8�Ô
�J�&

�:�'�M�ä�t�; 

 
�8�Ô
L �:�s
F �S�;�8�æ �:�'�M�ä�u�; 

with �8�æ the ship speed and �8�Ô the speed of the water flowing into a propeller. �S is the wake fraction (e.g.: �S 
L  �r�ä�s�w 
according to data provided by the shipyard for vessel 25). 
 
Figure 4-9 shows that the torque coefficient �-�Ê calculated from VISTools data of vessel 25 in 2025 as well as the 

torque coefficient calculated from sea trials executed by the shipyard in 2021, are lower than the values derived 
from the open water characteristics supplied by the shipyard. While data is not available for all advance 
coefficients, extrapolation suggests an approximate underestimation of 30%. This deviation cannot be solely 
attributed to the wake fraction assumption. This is because achieving a torque coefficient compatible with the 
open water characteristics would require a negative wake fraction which is not physically possible as it would 
imply the water speed at the propeller is greater than the ship's speed. Moreover, the main operational point of 
the vessel during steaming is at 91 RPM with a speed of 11.3 knots measured by the Doppler sensor while during 
the 2021 sea trials provided by the shipyard, a speed of 10.6 knots is reached at the same RPM, confirming a 
potential overestimation of speed by the Doppler log (Figure 4-9). To account for this, the open water diagrams 
were re-evaluated using the corrected speed. After this adjustment, the operational points from the sea trials and 
VISTools align more closely. However, a slight difference in torque persists, with both values remaining lower 
than the open water characteristics, as shown in Figure 4-10. 
 
Similar observations can be made during fishing operations (Figure 4-11), where the difference after correction 
of the speed is amplified (Figure 4-12). Again a negative wake fraction would be needed to match the 
measurements, which is - as already mentioned physically not possible. Therefore the torque meter data were 
not further used in this study. 
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Figure 4-9 �� Comparison between the torque coefficient obtained from measurements on VESSEL 25 without 
correction of the Doppler measurements (steaming, February �� March 2025) and the open water 

characteristics of the propeller. 
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Figure 4-10 �� Comparison between the torque coefficient obtained from measurements on VESSEL 25 with 
correction of the Doppler measurements (steaming, February �� March 2025) and the open water 

characteristics of the propeller. 

 
 
 

Figure 4-11 �� Comparison between the torque coefficients obtained from measurements on VESSEL 25 without 
correction of the Doppler (fishing, February �� March 2025) and the open water characteristics of the propeller. 

 
 

Figure 4-12 �� Comparison between the torque coefficients obtained from measurements on VESSEL 25 after 
correction of the Doppler (fishing, February �� March 2025) and the open water characteristics of the propeller. 
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4.3.3 Sensors availability (number of data points) 

The time difference between two consecutive measured data points is calculated and reported in Appendix 1. 
This analysis assesses missing data and uncertainty in parameters derived from measurements (such as course 
over ground, speed, accelerations) by counting the number of points per time difference interval, and this is 
evaluated monthly for each data group (Fuel, Engine, GPS, Traction). Missing points are identified considering 
the predominantly 10s recording interval, with infrequent 20-40s intervals. Figure 4-13 visualizes the daily 
distribution of time differences in different parameters measured for vessel 3 in 2023. The colour intensity (from 
dark blue/purple to bright green) indicates the relative concentration of data points for specific time differences 
(Y-axis) within each day of the year (X-axis). Bright green signifies a higher density of measurements at that 
particular t ime difference. The amount of useful data varies across vessels and timeframes, with vessels 3 and 4 
having substantial data between 2022-2024 (though engine data is missing for vessel 4 in 2022), while other 
vessels (7, 12, 17, 22, 24, 25, 5, 10, 13, 19, 26) generally have data concentrated in late 2023-2024 with frequent 
absence of engine data. 
 
An initial assessment of data availability suggests that 2024 presents a suitable period for comparing the 20 
received vessels (excluding vessel number 24). 
 
One of the challenges in the post-processing is to identify specific sensor data. For example, there is no standard 
rule for the sensor code which depends on vessels. The name of the sensor provided in the csv files is also not 
consistent. A standard field for the sensor type or any other value type needs to be more standardized across the 
different vessels and should be properly documented. 
 

 

 

Figure 4-13 - Time difference between consecutive recorded data points 
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4.3.4 Pre-processing 

The fuel consumption of a Belgian beam trawler was analysed by Bossuyt (Bossuyt, 2024). Different pre-
processing scripts were written in R to analyse the data from vessel 3 and vessel 4 during the year 2023. 
 
In the present study, the pre-processing algorithms have been reviewed and re-written in MATLAB. The input 
data were provided by ILVO on regular basis through readable and user friendly .csv files (~30Go). 
 
The data retrieved from the different sensors presented in 4.3.1 were synchronized to a common sampling rate 
of 10s using linear interpolation to ensure that measurements correspond to the same point in time, allowing for 
meaningful comparisons and the analysis of relationships between different parameters. 
 
At this stage, raw data is preserved as much as possible, without attempting to reconstruct missing data points 
when large gaps (>15s) occur (to prevent the introduction of biases or erroneous patterns). 
 
For some vessels, constant low fuel consumption values were observed across varying speeds which are 
indicative of erroneous data. This occurs because the sensor, when malfunctioning, defaults to holding the last 
valid measurement for the duration of the failure. Additional pre-processing was added to exclude automatically 
such data from the analysis as much as possible. This function identifies and removes duplicated sensor values 
by replacing any data point with NaN if it matches the most recent valid measurement within a 1000-point 
window while separated only by missing data. 

4.3.5 Different activities of a fishing vessel 

The behaviour and fuel consumption of a fishing vessel can differ a lot depending on the activity the ship is 
carrying out. Therefore, to be able to properly analyse the data, the different activities of fishing vessels need to 
be well defined.  
 
The definitions are inter-related to the algorithm that is used to identify  the activities and that is presented in 
section 4.3.6. 
 
Five activities are distinguished in this study: fishing (cf. Section 4.3.5.1), steaming (cf. Section 4.3.5.2), hauling 
(cf. Section 4.3.5.3), hotelling (cf. Section 4.3.5.4) and washing (cf. Section 4.3.5.5).  
 
4.3.5.1 Fishing  

Firstly, the most important activity, fishing is defined. To start fishing the net needs to be shot and to stop fishing 
the net needs to be hauled, hence, fishing happens between a shoot and haul activity. Shooting and hauling can 
be identified based on timestamps for the deployment and retrieval of fishing gear recorded in the haul data files 
(see 4.3.1). Based on experience, a typical fishing session takes around 2 to 4 hours therefore a fishing session 
can be identified if the time between shooting and hauling is less than 5 hours (taking a an extra hour as margin). 
 
4.3.5.2 Steaming 

A fishing vessel steams between fishing grounds or between a port and a fishing ground. So, it is assumed that 
steaming starts if the vessel is done hauling the catch. Therefore the definition starts from the assumption that 
steaming happens between a haul and the subsequent shoot activity. Often a lot of distance is covered while 
steaming, making the duration of the activity longer than an hour. Travelling back to port usually happens at the 
end of a trip. 
 
4.3.5.3 Hauling  

Hauling is basically an activity in between steaming and fishing. The nets are not in the water and the vessel 
speed is low. It  is hard to delineate the exact time the nets are out of the water, so net drag could play a role, 
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which is not the case while steaming. Hauling can then be defined as an activity in between fishing and steaming 
as a period of time in between a shoot and a haul event if the time between them is less than an hour. 
 
4.3.5.4 Hotelling  

Hotelling is done when the ship is stationary and the power sources are used to provide onboard services like 
heating and electricity. Since this is usually at port, hotelling is defined as the activity when the trip has ended 
and the speed of the vessel is less than 0.5 knots. 
 
4.3.5.5 Washing 

When there are unwanted substances in the nets, like stones, the skipper can choose to wash them by repeatedly 
lowering and hoisting the nets back up. It was found that this usually happens at the end of a trip. The length of 
the rope usually stays between 20 and 40 m. 
 

4.3.6 Activity identification algorithm 

Following the definition of activities in previous sections, the raw data provided across multiple CSV files, 
requires a robust algorithm for classification. 
The algorithm employs an iterative process to identify activities because its fundamental approach combines the 
methodology established by ILVO to identify fishing and steaming activities based on haul events with the 
subsequent refinements introduced by (Bossuyt, 2024). 
A primary activity identification  algorithm has been implemented. This algorithm, which is detailed in Figure 
4-14, was originally proposed by (Bossuyt, 2024). The algorithm is executed in three clearly defined stages 
utilizing four key data sources to accurately distinguish between activities. 
 
The algorithm uses the following data to distinguish between activities (cf. Table 4-2): 
 

- Haul.csv: contains timestamps for each fishing event, including shooting, hauling, and the weighing event 
(which serves as a check). 

 
- Trip.csv: defines the overall temporal boundary of the fishing trip  with distinct start and end 

timestamps. 
 

- Traction.csv: records the left and right rope lengths. 
 

- GPS.csv: provides the vessel's Speed Over Ground (SOG). 
 
4.3.6.1 Stage n°1: data grouping and initial  activity  session assignment  

The initial step involves structuring the raw data by activity session: 
1. Import and grouping: VISTools data (which are provided per month and per vessel) are first grouped 

into sessions. A session is defined as the period between a shooting event and a hauling event 
���Ž�ƒ�„�‡�Ž�‡�†���5�ˆ�‹�•�Š�‹�•�‰�5�����‘�”���–�Š�‡���’�‡�”�‹�‘�†���„�‡�–�™�‡�‡�•���ƒ���Š�ƒ�—�Ž�‹�•�‰���‡�˜�‡�•�–���ƒ�•�†���ƒ���•�Š�‘�‘�–�‹�•�‰���‡�˜�‡�•�–�����Ž�ƒ�„�‡�Ž�‡�†���î�•�–�‡�ƒ�•�‹�•�‰�ï���ä 

2. Initial classification: All timestamps within a fishing session are tentatively set to 'fishing'. All 
timestamps within a steaming session are tentatively set to 'steaming'. 

 
4.3.6.2 Stage n°2 : activity refinement  per session 

The algorithm then analyzes each session to refine the initial classification. �î�	�‹�•�Š�‹�•�‰�ï can be confirmed if:  
�ƒ Fishing session�ã���‹�ˆ���ƒ���•�‡�•�•�‹�‘�•���‹�•���‹�•�‹�–�‹�ƒ�Ž�Ž�›���…�Ž�ƒ�•�•�‹�ˆ�‹�‡�†���ƒ�•���5�ˆ�‹�•�Š�‹�•�‰�5���ƒ�•�†���‹�–�•���†�—�”�ƒ�–�‹�‘�•���‹�•���¶���w���Š�‘�—�”�•�á���–�Š�‡���ƒ�…�–�‹�˜�‹�–�›��

for all its timestamps is confirmed as 'fishing'. 
�îHauling�ï���…�ƒ�•���„�‡��identified  if:  
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�ƒ Hauling session: if a session is initially classified as �îsteaming�ï �ƒ�•�†���‹�–�•���†�—�”�ƒ�–�‹�‘�•���‹�•���¶���s���Š�‘�—�”�á���–�Š�‡���ƒ�…�–�‹�˜�‹�–�›��
for all its timestamps is re-set to 'hauling'. 

�ƒ End of trip check�ã���ˆ�‘�”���•�‡�•�•�‹�‘�•�•���–�Š�ƒ�–���†�‘���•�‘�–���•�‡�‡�–���–�Š�‡���…�”�‹�–�‡�”�‹�ƒ���ƒ�„�‘�˜�‡�����‹�ä�‡�ä�á���î�•�–�‡�ƒ�•�‹�•�‰�5���•�‡�•�•�‹�‘�•�•���µ���s���Š�‘�—�”�á��
or 'fishing' sessions > 5 hours), the algorithm checks the rope length depending on the trip status: 

o ���ˆ�� �–�Š�‡�� �–�”�‹�’�� �Š�ƒ�•�� �‡�•�†�‡�†�á�� �ƒ�� �…�Š�‡�…�•�� �‹�•�� �•�ƒ�†�‡�ã�� �‹�•�� �–�Š�‡�� �•�‡�ƒ�•�� �”�‘�’�‡�� �Ž�‡�•�‰�–�Š�� �·�� �v�r�•�� �„�‡�–�™�‡�‡�•�� �–�Š�‡ last 
shooting event and the next weighing event? 

�ƒ Yes: the refinement loop per timestamp (stage n°3 - a) is initiated. 
�ƒ No: the activity is set to �îsteaming�ï for the whole session 

o ���ˆ���–�Š�‡���–�”�‹�’���Š�ƒ�•���•�‘�–���‡�•�†�‡�†�á���ƒ���ˆ�‹�”�•�–���ƒ�†�†�‹�–�‹�‘�•�ƒ�Ž���…�Š�‡�…�•���‹�•���•�ƒ�†�‡�ã���‹�•���–�Š�‡���•�‡�ƒ�•���”�‘�’�‡���Ž�‡�•�‰�–�Š���·���s�w�•���‹�•��
the next 1.5 hours? 

�ƒ Yes, secondary check: is the mean rope length > 100 m in the next 1.5 hours? 
�ƒ Yes: the refinement loop per timestamp (stage n°3 - b) is initiated. 
�ƒ No: it proceeds to end of process. 

�ƒ No: the refinement loop per timestamp (stage n°3 - c) is initiated. 
 
4.3.6.3 Stage n°3: activity  refinement per timestamp  

For all sessions that pass into the  stage n° 3, the algorithm iterates through each timestamp to make final 
classifications: 
 

a. Is rope length (left rope or �”�‹�‰�Š�–���”�‘�’�‡�����·���t�r���•�����������”�‘�’�‡���Ž�‡�•�‰�–�Š���‹�•�…�”�‡�ƒ�•�‹�•�‰�ë 
�ƒ Yes: the activity is set to 'fishing'. 
�ƒ No, secondary check: Is the mean rope length calculated over the next 10 minutes (right 

rope or left rope) < 5 m AND the rope length decreasing ? 
- Yes: the activity is set to 'steaming' from this timestamp until the end of the 

session. 
- No: the activity is set to 'fishing' for this timestamp. 

 
b. Is the rope length > 6 m ? 

�ƒ ���‡�•�ã���–�Š�‡���ƒ�…�–�‹�˜�‹�–�›���‹�•���•�‡�–���–�‘���î�ˆ�‹�•�Š�‹�•�‰�ï�ä 
�ƒ No: �–�Š�‡���ƒ�…�–�‹�˜�‹�–�›���‹�•���•�‡�–���–�‘���î�•�–�‡�ƒ�•�‹�•�‰�ï�ä 

 
c. ���•���•�’�‡�‡�†���¶���r�ä�w���•�•�ë 

�ƒ Yes: the activity is set to 'hotelling'. 
�ƒ No: the activity is set to 'steaming'. 

 
 

However, this initial application left noticeable outliers in non-fishing activities and failed to capture some fishing 
sessions occurring between registered haul events. Moreover, at this stage, shooting and washing activities are 
not distinguished from steaming. To address this, an additional, refined activity  identification  algorithm is 
applied to each subsequent timestamp to refine non-fishing activities (as detailed in Figure 4-16). 
 



 

 
TITLE 
Vissersvaartuig van de toekomst �� Analysis of the current state of the fuel consumption of 

Belgian fishing vessels 

DATE 
02-04-2026 

PAGE 
40/ 190 

 

 

  

Figure 4-14 - Schematic representation of the algorithm used to define the different activities. 

 

a. c. b. 
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Figure 4-15 �� Refined identification  algorithm for non-fishing activities 

 

4.3.7 Algorithm evaluation 

The approach described in section 4.3.6 allows for the effective grouping of raw data into 5 distinct operational 
activities. However, after applying the algorithm to the 20 vessels given in Table 3-2, several critical 
shortcomings were noticed. 
 
One weak point of this algorithm is that the steaming activity strongly depends on the availability of the haul 
data. When no haul data are available (e.g. vessel 25 and 31), a simplified algorithm proposed by ILVO1 was used 
instead to identify fishing and steaming: 
 

1. Retrieve all data recorded (ignoring haul detection) 
2. ���Š�‡���‹�•�‹�–�‹�ƒ�Ž���ƒ�…�–�‹�˜�‹�–�›���‹�•���•�‡�–���–�‘���î�—�•�•�•�‘�™�•�ï 

 
1 Email from ILVO on 04/04/2025  
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2. Sort by rope length (>100 m) to roughly identify fishing sessions and duration (<= 5h)  to discard faulty 
rope length 

3. Sort by ropes length (<30m) to identify steaming and discard washing activity: 
a. If the length is increasing and it exceeds 30 m for longer than 3 minutes, a fishing activity has 

started. 
b. If the length is decreasing and it gets lower than 30 m for longer than 3 minutes, a fishing activity 

has ended. 
c. If the length is only longer than 30 m for 3 minutes, it is defined as washing. We check this 6 

times, because they can wash multiple times in a row. 
4. Keep only speeds higher than 2 kn (hotelling will then be discarded) 

 
Moreover, the steaming activity strongly depends on the availability of the rope data. For example, while vessel 
2 fully records the fuel consumption in 2024, a large number of traction data points are missing (Figure 4-16). 
 

 
 

Figure 4-16 -  Number of data points, fuel consumption (left) and rope length (right), vessel 2 �� 2024. 

The lack of traction data points �ˆ�‘�”���•�‘�•�‡���˜�‡�•�•�‡�Ž�•���•�Š�‘�™���–�Š�‡���Ž�‹�•�‹�–�•���‘�ˆ���–�Š�‡���ƒ�Ž�‰�‘�”�‹�–�Š�•�ï�•���’�‡�”�ˆ�‘�”�•�ƒ�•�…�‡�•�ä�����‹�–�Š�‘�—�–���–�Š�‹�•��
data, identifying erroneous activities (like misclassifying a fishing activity as steaming between a haul and shoot) 
becomes impossible, introducing a small, unavoidable degree of error in activity sorting. A quick win is to 
guarantee high sensor quality and minimize missing data points. The algorithm's accuracy can be enhanced by 
implementing a threshold-based sorting method using GPS data. Steaming trips could be systematically 
identified by analysing the distance and mean speed recorded between locations, allowing for a clearer 
differentiation from low -speed fishing or other activities. 
 
For vessel 31, no haul data are available in 2024 and traction data (rope length) is only available from August 
2024 making it difficult to distinguish between activities.  
 
For vessel 29, no traction data (rope length) nor fuel data are provided, therefore fishing/steaming activities are 
sorted based on the sailing speed (steaming > 5.8 knots). 
 
Due to erroneous haul data provided for vessel 1 in 2024, and missing rope length additional filtering was applied 
to identify fishing/steaming activities based on the sailing speed (steaming > 5.5 knots). 
 
For vessel 17, the left sensor measuring rope length is faulty between end of January and June 2024. Therefore 
the algorithm was only applied to the left rope length for this vessel. 
 
Furthermore, vessels are expected to be steaming before the first shoot is registered and after the last haul is 
registered. This steaming time needs to be stored as well and is assumed to occur before the first trip's start 
timestamp of the year (as provided in Trip.csv,  cf. Section 4.3.1) and before the trip's end timestamp following 
the last haul of the year. 
 
The final workflow followed to identify the activities for the analysed fleet is summarized in Figure 4-17. 
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Figure 4-17 �� Workflow to apply activity identification algorithms depending on input data availability. 
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5 ANALYSIS OF OPERATIONAL CHARACTERISTICS 

5.1 Introduction  

This section presents an overview of the geographic location, speed, fuel consumption and catch measured for 
the analysed vessels per trip and per year. The main activities analysed in this study are steaming and fishing 
because there are the main contribution to fuel consumption of a fishing vessel. To perform this analysis, a trip 
identification algorithm has to be applied,  
 
The format of the results is presented in section 5.2, the data cleaning method is presented in section 5.4 and 
operational reports are discussed in section 5.5. 
 

5.2 Trip identification algorithm  

 
The data used for statistical analysis in the present study are first pre-processed and sorted following the method 
described in sections 4.3.4 and 4.3.6. Then, additional quality control is necessary before being able to calculate 
reliable statistics or analytics on the collected data.  
 
To ensure the highest quality of continuous fuel rate data, balancing the need for accuracy with minimizing data 
reconstruction, filters need to applied. Data are filtered to exclude inaccuracies arising from missing or erroneous 
data points (e.g. registering 0 l/h while the vessel is clearly underway, or maintaining a constant value over an 
extended period despite known changes in the vessel's operational state). For instance, based on an observed 
fuel rate of approximately 120 liters per hour (l/h), an error of up to 10 liters over a five-minute period was 
deemed acceptable for individual readings. While this 10-liter error might seem minor in isolation, if 
accumulated across all measurements in a trip or throughout the entire dataset, it could introduce a substantial 
and unacceptable systemic bias into the total and average fuel consumption calculations. The data cleaning 
process therefore aims to mitigate such cumulative errors, guaranteeing that only high-quality, valid data points 
inform the final report ed metrics. 
 
This data filtering  process is described below and summarized on Figure 5-1: 
 

�x The initial step involves defining and grouping trips by cutting and merging the sessions identified in 
4.3.6, based on the start/end timestamps provided in the TRIP CSV files (cf. Section 4.3.1). 
 

�x Then, a high-level quality check is performed, immediately discarding any recorded trip where the 
number of missing data points in the fuel consumption dataset, the speed dataset or the rope length left 
and right datasets is less than 10%. 
 

�x For the remaining trips, data gaps in fuel consumption less than 30 consecutive timestamps (five 
minutes) are filled using linear interpolation. All larger gaps are considered as invalid data points to 
avoid introducing significant bias.  
 

�x Finally, only trips with a sufficient number of valid data points after interpolation (e.g. >95% fuel 
consumption data points) and catch data available are considered for the final analysis in order to 
provide representative values only. Catch data are grouped per trip by matching their haul ID to the 
corresponding haul IDs specified in the haul data file. 
 

�x Moreover, duplicate timestamps are sometimes listed in the Haul data. A filter has been added to discard 
the timestamp when there is no TripID linked to it. 
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Figure 5-1- Algorithm for trip identification.  

 
More advanced statistical methods, such as the Hidden Markov Model (Park et al., 2021), could yield more 
complete operational reports but fall outside the scope of this study. 
 
Assessing the quality of key metrics (like fuel/catch ratios) requires clear documentation. Therefore, the number 
of observations (both raw and filtered data) must be stated for every analysis to establish the statistical 
confidence in the measured values.  
 

5.3 Representation of the data  

Data visualization within this report is grouped based on the analytical goal for fuel consumption. Operational 
reports rely on a trip-by-trip analysis. The cumulative fuel use and catch over the course of a single trip is 
presented on bar plots (Figure 5-2). This sequential format is essential because it keeps all events in the correct 
time order, allowing to isolate moments of high/low consumption and verify the data quality against the specific 
conditions of each trip. This format is close to the format of VISTools analytics (Figure 5-3). 
 



 

 
TITLE 
Vissersvaartuig van de toekomst �� Analysis of the current state of the fuel consumption of 

Belgian fishing vessels 

DATE 
02-04-2026 

PAGE 
46/ 190 

 

 

Figure 5-2 �� Example of bar plots �� Vessel 1 ��2024. 

 

 

Figure 5-3 - VISTools Programme dashboard used by fishers to monitor and compare fuel efficiency across 
individual fishing trips  

 

5.4 Overview of the different  activities  

The number of data points retained for operational reports after applying sorting (cf. Section 4.3.6), basic pre-
processing (cf. Section 4.3.4) and data cleaning is indicated in Table 5-1, which lists the vessel identification 
number, the start and end data of the analysed period, the total number of data points within this period and the 
amount of retained data points after pre-processing. The retained data ratio is given, along with the amount of 
data points which can be attributed to fishing, steaming and to other activities. 
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Table 5-1 shows that for 10 vessels, less than 10% of the available data could be retained after pre-processing. 
The reason that so many data points are lost, is due to : 

- Lack of fuel data (e.g. vessels 29, cf. Section 4.3.1) 
- Lack of catch data (vessels 3, 7, 13, 22 and 31, cf. Section 4.3.1) 
- Bad quality of data recording (e.g. vessel 24, cf. Figure 5-4 and vessel 10) 
- Lack of haul data (vessels 25 cf. Section 4.3.1) 
- Erroneous data (e.g. vessel 37) 

 
Vessel 29 has no traction (rope length could not be checked) and no fuel data. 
 
Vessel 37 is excluded from the analysis due to prolonged periods without data recording (cf Appendix 
1)Appendix 1) and erroneous values for fuel consumption (excessive fuel rate of 400 �� 600 l/h) . 
 
 
A large percentage of hotelling is identified for vessel 25 because it uses another sorting algorithm due to lack of 
haul data (see section 4.3.7) and all data points with a speed lower than 2 knots is identified as hotelling while 
for other vessels hotelling is only considered if the vessel speed is lower than 0.5 knots after a trip has ended. 
Therefore the operational characteristics of this vessel are not fully representative of the fuel year. 
 
It can be noticed that fishing activity represents the largest portion of the activities for most of vessels except for 
vessels 10, 29 and 35. This can be explained by the fact that vessel 10 is a small vessel steaming large distances 
compared to other small vessels (cf. Section 6).  
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Table 5-1 ��Overview of the different activities of the fleet analyzed after pre-processing and data cleaning over the period 01/01/2024 �� 31/12/2024 used to generate 
operational reports. 

 

Ship 

(ID)  
Start (date)  End (date)  

Total nb of data 

points  for 

recorded trips  

Retained 

data points  

Retained 

data 

ratio 

(%)  

Steaming 

(%)  

 

Fishing 

(%)  

Other activities 

(%)  

Washing 

(%)  

Hauling  

(%)  

Shooting 

(%)  

Hotelling  

(%)  

1 09/02/2024  29/12/2024  1263317 1088782 86 13.2 86.7 0.1 0 0.1 0 0 

2 06/01/2024  31/12/2024  2122510 1862261 88 16.9 79 4.1 0.1 3.8 0.2 0 

3 03/01/2024  23/12/2024  2556293 0 0 0 0 0 0 0 0 0 

4 03/01/2024  31/12/2024  2408979 1029139 43 14.4 80.8 4.8 0.4 4.2 0.2 0 

5 04/01/2024  23/12/2024  2381474 2083642 87 18 77.8 4.2 0.1 3.9 0.2 0 

7 03/01/2024  23/12/2024  1876085 0 0 0 0 0 0 0 0 0 

10 02/01/2024  20/12/2024  1735440 50824 3 44 51.1 5 0.1 4.2 0.7 0 

11 03/01/2024  31/12/2024  1343761 924686 69 11.4 84 4.6 0.1 4.2 0.3 0 

12 03/01/2024  15/12/2024  2511219 1757201 70 20.6 74.4 5 0.6 3.7 0.7 0 

13 03/01/2024  23/12/2024  2398121 0 0 0 0 0 0 0 0 0 

17 04/01/2024  30/12/2024  2235175 1968610 88 18.3 76.5 5.2 0.5 3.7 1 0 

19 04/01/2024  23/12/2024  1629468 1179591 72 19.6 74.2 6.1 0.1 5.8 0.2 0 

22 03/01/2024  22/12/2024  2042593 0 0 0 0 0 0 0 0 0 

24 03/01/2024  22/12/2024  918490 0 0 0 0 0 0 0 0 0 

25 01/01/2024  31/12/2024  2315288 33896 1 14.6 78.5 6.8 0 1.7 1.7 3.4 

26 04/01/2024  24/12/2024  2041991 1957904 96 17.7 77 5.4 0.8 4.3 0.3 0 

29 - - 0 0 0 0 0 0 0 0 0 0 

31 07/02/2025  02/04/2025  1916188 0 0 0 0 0 0 0 0 0 

35 04/01/2024  22/12/2024  1775064 1529499 86 21.6 73.9 4.5 0.1 4.1 0.3 0 

37 - - 0 0 0 0 0 0 0 0 0 0 
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Figure 5-4 - Time difference between consecutive recorded data points - vessel 24 

 

5.5 Operational reports (annual trip -by-trip summaries)  

5.5.1 Overview 

From VISTools data, several key analytics relevant to shipowners and fishers can be provided. These metrics, 
calculated for each trip, include: 

(b) Duration of trip (days)  
(c) Mean fuel rate (l/h)  
(d)  Total fuel consumption (l)  
(e) Catch (kg) 
(f)  Fuel use per kg catch (l/kg)  or Fuel Use per unit of Effort (FeU), also known as Fuel Intensity, 

calculated as the amount of fuel consumed relative to the amount of catch, which is one of the 
the key measures of efficiency that is used for fishing vessels. 
 

Trip -by-trip summaries are generated for the 20 analysed vessels after applying the trip identification algorithm 
described in section 5.2. 
 
An overview of the relevant fleet analytics, along with the total number of trips retained for the analysis for each 
vessel is presented in Table 5-2. This table is then used to calculate additional key parameters for vessels 
presented in Table 5-3.  
 
The following  metrics are calculated on retained trips : 
 

�x Duration (days)/Distance (km) : calculated by summing the duration and distance calculated for all 
retained trips, divided by fishing and steaming activities 

�x Mean fuel rate (l/h) : average mean fuel rate of all retained trips divided by fishing and steaming 
activities. 

�x Total amount of fuel consumed over the period covered (l):   
o All activities: calculated by summing the fuel consumption for all retained trip s 
o While fishing: calculated by summing the fuel consumption during fishing for all retained trips 
o While steaming: calculated by summing the fuel consumption during steaming for all retained 

trips  
�x Total amount of catch over the period covered (kg):  calculated by summing the total catch recorded 

for all retained trips 
�x Mean amount of catch over the period covered (kg): calculated by averaging the catch recorded for 

each retained trips 
�x Mean litres of fuel per kg catch over the period covered (l/kg): calculated by  dividing the total 

amount of fuel consumed over the period covered by the total amount of catch over the period covered 
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A significant variation in mean fuel rate can be observed between different vessels, for instance, vessel 2 despite 
having similar dimensions to Vessels 4 and 5, consumes considerably more fuel during fishing. 
 
 
Of note:  

- no haul data was provided for vessel 31 
- catch scale was installed later for vessel 25 but after analysis by ILVO, the measured values turned out 

not to be correct in 2024. 
- no fuel consumption data was provided for vessel 29 
- fuel consumption data for vessel 31 was  only available starting from 2025 and excessively high fuel rate 

is provided in csv files for the vessel 37.  
- no catch data was provided for vessel 3, 7, 13 and 22. The quality of the recorded data is not sufficient 

for vessel 24 to retain any trips. 
 
Figure 4-5 shows the mean fuel rate while (a) steaming and (b) fishing in function of the built year. 
 
Combining the findings from from Table 5-1, Table 5-2 and Table 5-3 with Table 3-2, leads to some observations 
as shown in Figure 5-6. Figure 5-6(a) shows FeU against built year. Overall, the amount of ships within the fleet 
that could be retained for the analysis is too small to show a clear trend. The highest FeU is found for vessel 25 
(built  in 2021) and the lowest FeU was found for vessel 10 (1.45 l/kg), which was built in 1997, but both vessels 
could/should be ignored as only trip was retained for the analysis. On the other hand, Vessels 1, 4, 5 and 12 which 
were built in 2019-2021 are  at the lower range for FeU (< 2 l/kg) . 
 
Figure 5-6(b) shows the amount of time spent while fishing (in %) in function of the amount of fuel consumed 
while fishing divided by the total amount of fuel consumed. It can be seen that they are highly correlated. The 
red line indicates equality of the time parameters and it can be seen that the ratio of the amount of fuel consumed 
while fishing is always (slightly) higher than the ratio of the amount of time spent while fishing (bearing in mind 
that vessels 1 and 25 should not be considered in the analysis. Vessel 35 spends the least amount of time while 
fishing (74%) and spends 79% of its total fuel consumption while fishing. Rounded off, it can be said that at least 
80% of the fuel consumption is consumed while fishing. 
 
 

          

Figure 5-5. (a) Mean fuel rate while steaming (in l/h) vs. built year; (b) Mean fuel rate while fishing (in l/h) vs. 
built year  
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Figure 5-6. (a) FeU (l/kg) vs. built year; (b) amount of time spent while fishing (%) vs. amount of fuel consumed 
while fishing / total amount of fuel consumed (%)  

Overall it is considered that this analysis of the fleet characteristics could be improved by feeding it with more 
data: 

�x Only 10 out of 20 vessels could be retained for the analysis. Efforts should be made so that every vessel 
can be included.  

�x The amount of trips that could be retained for some vessels is too small, e.g. vessel 25. To determine how 
many trips are required before the results can be considered to be statistically reliable was not part of 
this study. The easiest way to determine this is to look at the mean result of a parameter p taken over n 
trips: if  the mean value of p(n) �³���’���•�ª�s��, n can be considered sufficient. 

�x In this analysis, only the year 2024 was analysed. To analyse effects such as seasonality, longer periods 
are required 

 
The operational characteristics and trends in operations are discussed more into details in section 6. Full 
operational reports for all vessels (see example on Figure 5-7), are included in Appendix 3. A more focused 
discussion on the operational performances is available for vessel 1 in section 5.5.2 and for vessels 4 and 5 in 
section 5.5.3. 
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Figure 5-7 - Operational report vessel 2 �� 2024 - Trip duration, mean fuel rate, fuel consumption, catch and 
FeU. Trips for which less than 95% of fuel consumption data points are available are highlighted in grey.

a) 

b)

) 

c)

) 

d) 

e) 
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Table 5-2 �� Overview of the annual fuel consumption and catch for the fleet in 2024 based on retained data. 

 

ID 

Total 
number of 
trips in 
2024 

Number of 
trips retained 
for analysis 

Total 
duration 
of retained 
fishing 
trips  

Total 
duration of 
retained 
steaming 
trips  

Total 
distance 
covered on 
retained 
fishing trips 

Total 
distance 
covered on 
retained 
steaming 
trips  

Mean fuel 
rate while 
fishing 
over the 
period 
covered 

Mean fuel 
rate while 
steaming 
over the 
period 
covered 

Total amount 
of fuel 
consumed over 
the period 
covered 

Total amount 
of fuel 
consumed 
while fishing 
over the period 
covered 

Total amount of 
fuel consumed 
while steaming 
over the period 
covered 

Total 
amount of 
catch over 
the period 
covered 

Mean 
amount of 
catch over 
the period 
covered 

Mean fuel 
intensity  
over the 
period 
covered 

- - - days days km km l/h  l/h  l l l tons tons l/kg  
1 106 101 109.70 16.70 20960.47 7907.06 37.82 40.09 124753.20 108775.30 15969.69 62.98 0.62 1.98 
2 34 31 170.77 36.47 35174.27 14833.30 172.01 152.37 871343.30 720958.00 139897.90 322.93 10.42 2.70 
3 44 0 - - - - - - - - - - - - 
4 35 17 96.97 17.27 18091.43 5979.06 131.08 88.10 342866.60 301150.40 36890.96 201.25 11.84 1.70 
5 38 35 188.85 43.65 38169.10 16026.08 140.75 99.34 741681.10 631992.00 102337.10 440.15 12.58 1.69 
7 40 0 - - - - - - - - - - - - 
10 51 3 3.02 2.60 518.62 896.68 68.26 45.97 7772.70 4704.09 2775.29 5.77 1.92 1.35 
11 29 13 90.07 12.24 17438.80 4661.54 157.37 94.16 374529.20 339930.10 28350.17 164.66 12.67 2.27 
12 27 23 152.23 42.15 28395.03 18845.28 147.17 122.40 669640.70 534417.00 118379.80 458.36 19.93 1.46 
13 42 0 - - - - - - - - - - - - 
17 42 35 174.56 41.87 39769.41 19400.27 158.40 108.58 810409.60 673444.40 111525.40 728.46 20.81 1.59 
19 50 26 101.76 26.84 24915.47 11091.44 209.70 180.40 619918.20 505611.80 104435.80 230.68 8.87 2.69 
22 37 0 - - - - - - - - - - - - 
24 30 0 - - - - - - - - - - - - 
25 41 1 3.09 0.57 645.32 480.64 42.84 68.80 4324.63 3170.20 946.05 - - - 
26 32 31 175.13 40.21 32409.00 16953.81 130.61 109.67 661741.60 542463.50 103718.60 282.49 9.11 2.34 
29 43 0 - - - - - - - - - - - - 
31 21 0 - - - - - - - - - - - - 
35 39 34 131.21 38.26 30614.97 16462.25 154.52 127.97 611622.70 484850.10 118079.50 299.87 8.82 2.04 
37 12 0 - - - - - - - - - - - - 
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Table 5-3 �� FeU and catch/day for the fleet in 2024 when >95% fuel consumption data points valid and catch available. 

 

Vessel ID Total number of trips in 2024 
Number of trips  

retained for analysis 
Litres of fuel (while fishing) 

per kg catch 
Litres of fuel per kg catch 

(while fishing and steaming) 

Litres of fuel per kg 
catch 

(all activities) 
 

Amount of fish 
landed per day (kg) 

1 106 101 1.73 1.98 1.98 498.25 

2 34 31 2.23 2.67 2.70 1558.22 

3 44 0 - - - - 

4 35 17 1.50 1.68 1.70 1761.61 

5 38 35 1.44 1.67 1.69 1893.06 

7 40 0 - - - - 

10 51 3 0.82 1.30 1.35 1027.52 

11 29 13 2.06 2.24 2.27 1609.45 

12 27 23 1.17 1.42 1.46 2358.08 

13 42 0 - - - - 

17 42 35 0.92 1.08 1.11 3365.77 

19 50 26 2.19 2.64 2.69 1793.86 

22 37 0 - - - - 

24 30 0 - - - - 

25 41 0 - - - - 

26 32 31 1.92 2.29 2.34 1311.83 

29 43 0 - - - - 

31 21 0 - - - - 

35 39 34 1.62 2.01 2.04 1769.49 

37 12 0 - - - - 
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5.5.2 Detailed analysis vessel 1 

 
Figure 5-7 shows the characteristics of the first 40 trips of vessel 1 and for each trip is shown a) the duration of 
each trip (in days); b) the mean fuel rate (in l/h); c) the fuel consumption (in l); d) the catch (in tons) and e) the 
fuel per catch (in l/kg). The operations of individual fishing trips are divided into fishing (blue) and steaming 
(red) activities. Grey bars indicate trips that were not retained (i.e. for which more than 5% of fuel consumption 
data are not valid or catch data is not available).  On each graph the mean value per trip is also shown. As the 
peri�‘�†���…�‘�˜�‡�”�‡�†���„�›���–�Š�‡���ƒ�•�ƒ�Ž�›�•�‹�•���‹�•���–�Š�‡���ˆ�—�Ž�Ž���›�‡�ƒ�”���‘�ˆ���t�r�t�v�á���–�Š�‹�•���‹�•���Ž�ƒ�„�‡�Ž�‡�†���ƒ�•���ò�ƒ�•�•�—�ƒ�Ž���•�‡�ƒ�•�ó�ä 
 
Table 5-2 shows that vessel 1, which is a coastal vessel catching molluscs and shrimps (cf. Table 3-2)  carried out 
106 trips in 2024, of which 77 were retained for further analysis.  The characteristics of the 77 trips are shown 
in Appendix 4 which indicates that the distance covered by these 77 retained trips equals 25065 km.  As indicated 
in Table 5-2, this can be divided into 19006 km fishing and 6059 km steaming. For this vessel, no other activities 
were identified (cf. Table 5-1). 
 
The top graph shows that trip duration (a) is generally low, averaging 1.5 days with two long trips:  trip 1 (over 
5 days) and trip 18 (over 3 days). The second graph, mean fuel rate (b), is relatively consistent across most of the 
trips, clustering around the annual mean of 41 l/h for fishing and 40 l/h for steaming, with few trips dropping 
below 35 l/h. The third chart shows the total fuel consumption (c), where the two longer trips (1 and 18) distort 
the overall picture, consuming over 4000 L and 3000 L, respectively, far exceeding the annual mean of 1478 l for 
the valid trips. The fourth chart illustrates the catch (d), with most trips reporting less than 1 ton, resulting in a 
low annual mean of 0.805 tons, though trip 18 has a significantly higher catch nearing 3 tons. Finally, the 
fuel/catch ratio (e) demonstrates large variation, ranging from nearly 0 l/kg up to over 30 l/kg, averaging 7.4 
l/kg. This wide range can be partially explained by the variations of the duration of the trips. 
 
Variations can also be observed for similar trip durations. For instance, trip 6 is significantly more efficient (10 
l/kg) than trip 9 (25 l/kg). A more detailed analysis (see Figure 5-9 and Figure 5-10) reveals that despite their 
similar fishing speeds and durations, the slightly higher fuel consumption of trip 6 is compensated by a larger 
catch. It might be conjectured that this is due to localized ground depletion, caused by the vessel repeatedly 
fishing the same area over multiple consecutive trips (6��9). Trip 22 is also a trip with lower fuel consumption 
than average but low catch which results in a low catch efficiency. It is thought that these comparisons allow 
fishermen to refine their fishing strategy. 
 
Of note, a jump in the time vector is visible for the cumulative fuel consumption in Figure 5-10. This jump is due 
to duplicates in haul data input files (cf. Table 5-4). 

Table 5-4 - Duplicate activities in haul data csv file. 

HaulID  TripID  ShootTimeUtc  HaulTimeUtc  
WeighingStartTim
eUtc 

27c95348-b4ec-41e2-b04b-
cd6e95a15956 

34431e45-d09b-4b02-b062-
c96c73bd29b4 

26/03/2024 
12:56 

26/03/2024 
14:25 

26/03/2024 15:01  

473aacfe-c082-44f4-9b80-
f2b36484dccf  

26/03/2024 
14:30 

26/03/2024 
17:40 26/03/2024 18:54  

049580b9-0b55-4a2c-86b7-
898db69e7633 

34431e45-d09b-4b02-b062-
c96c73bd29b4 

26/03/2024 
14:30 

26/03/2024 
17:40 26/03/2024 18:23  
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Figure 5-8 - Operational report vessel 1 �� 2024 (40 first trips) - Trip duration, mean fuel rate, fuel consumption, 
catch and FeU. Trips for which less than 95% of fuel consumption data points are available are highlighted in 

grey. Total distance covered over the retained trips  = 25065  km.

a) 

b)

) 

c)

) 

d) 

e) 
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Figure 5-9 �� Speed, mean fuel consumption, cumulative fuel consumption, catch and location trip n°6 �� Vessel 1 
- 2024 
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Figure 5-10 �� Speed, mean fuel consumption, cumulative fuel consumption, catch and location trip n°9 �� Vessel 
1 - 2024 

 

5.5.3 Detailed analysis vessel 4 and 5 

Figure 5-11 shows an overview of the fuel consumption and catch measured during fishing and steaming for each 
trip of 2024 for vessel 4. It can be noticed that the fuel rate is much larger during fishing compared to steaming. 
Moreover, the fuel consumption and the catch vary significantly from one trip to another and this variation is not 
only related to the trip duration. Figure 5-12 shows the same overview for vessel 5. It can be noticed that vessel 
5  consumes more fuel due to a larger fishing speed. Similar observation is made in section 6. 
The detailed analysis of a typical fishing trip for vessel 4 is shown on Figure 5-13. The vessel is moving from one 
port to another and stops at three fishing locations to execute fishing legs. The fuel consumption is about 100 l/h 
during steaming and is 126 l/h, 112 l/h and 125 l/h during each fishing session. The observed variation could be 
explained by the different weather conditions experienced during each of the fishing session (see Figure 
5-14Figure 5-14). The influence of external factors is discussed further in section 6.8.  
Moreover, the fuel rate during trip 21 is rather high compared to other trips (141 l/h). During this trip, the vessel 
is fishing non-stop at the same location in an area with large current velocities (see Figure 5-15 and Figure 5-16). 
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Figure 5-11 �� Operational report vessel 4 �� 2024 - Trip duration, mean fuel rate, fuel consumption, catch and 
FeU. Trips for which less than 95% of fuel consumption data points are available are highlighted in grey. Total 

annual distance covered  = 24040  km.
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Figure 5-12 ��  Operational report vessel 5 �� 2024 - Trip duration, mean fuel rate, fuel consumption, catch and 
FeU. Trips for which less than 95% of fuel consumption data points are available are highlighted in grey. Total 

annual distance covered  = 53279  km. 
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Figure 5-13 - Speed, mean fuel consumption, cumulative fuel consumption, catch and location trip n°26 �� Vessel 
4 - 2024 
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Figure 5-14 �� Weather data - trip n°26 �� Vessel 4 - 2024 
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Figure 5-15 - Speed, mean fuel consumption, cumulative fuel consumption, catch and location trip n°21 �� Vessel 
4 - 2024 
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Figure 5-16 �� Weather data - trip n°21 �� Vessel 4 - 2024 
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6 DETAILED ANALYSIS OF TRENDS 

6.1 Representation of the data  

For evaluating the high-level, long-term performance (e.g., over a year), summary graphs (such as histograms 
and density plots) can be utilised. Due to the large volume of data and the long recording time involved, 
presenting continuous time series for all parameters is impractical for reporting. These plots consolidate all data 
to clearly show the typical operating range and the overall spread of key parameters, helping to identify general 
trends. 
Histograms reveal the distribution of a single variable, showing frequency counts within defined ranges to 
highlight patterns like skewness or central tendency. For example Figure 6-1 shows a rather symmetric 
distribution around 9.5 knots. This highlights the main operation speed of the vessel. Variations can be due to 
variations in speed as well as inaccuracies of the measurements. 
 
Speeds below 1 knot are excluded from the display. Similarly, fuel consumption rates under 10 l/h are omitted 
to filter out sensor noise and zero values. 
 

 

Figure 6-1 �� Example of histogram for the speed through water and speed over ground. 

 

6.2 Data selection  

Histograms and density plots, as exploratory and descriptive visualization tools, inherently do not require the 
extensive pre-processing, cleaning, filtering, or data reconstruction necessary for complete statistical analysis if 
the number of erroneous data is limited. If the data contains a large number of missing data points and a large 
number of erroneous data points, these graphs can serve as a diagnostic tool to visually identify outliers. 
 
The specific purpose of this section focuses on identifying broad operational patterns and central tendencies to 
understand vessel operational behaviour across all scenarios encountered during one year. The analysis requires 
a sufficiently large and comprehensive number of observations. Therefore, aggressive data cleaning or filtering 
is explicitly avoided, as excluding a significant number of observations could reduce the sample size and leave 
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an insufficient number of points to reliably model key trends. Moreover, excluding observations or 
reconstructing missing values could introduce bias.  
 
Therefore, all the data points available after the basic pre-processing outlined in Section 4.3.4 and the activity 
classification (cf. 4.3.6) are used. For example, in the case of Vessel 3, even with missing catch data, its records 
for location, speed, fuel consumption, and net forces remain essential for understanding its operational profile.  
 
The number of data points retained for fuel consumption for the analysis of operational trends is given in Table 
6-1 after applying pre-processing (cf. Section 4.3.4) and sorting according to the algorithm (cf. Section 4.3.6). The 
number of analysed data points in this section is higher than in section 5 because the trip identification algorithm 
is not used. In section 5 complete valid trips  were required (where speed, fuel consumption, and rope length 
were required for every time step), whereas this section utilized all available raw data. 

Table 6-1 ��Overview of the different activities of the fleet analysed after pre-processing and sorting algorithm 
used for the analysis of trends. 

Ship (ID)  Start (date)  End (date)  
Total number of data points  

for fuel consumption  

 Retained data points  for fuel 

consumption  

1 09/02/2024  29/12/2024  2880364 2786340 

2 06/01/2024  31/12/2024  3111414 3105154 

3 03/01/2024  23/12/2024  3070420 2869417 

4 03/01/2024  31/12/2024  3136625 2497610 

5 04/01/2024  23/12/2024  3062316 2974767 

7 03/01/2024  23/12/2024  3068202 2317263 

10 02/01/2024  20/12/2024  3053999 3041775 

11 03/01/2024  31/12/2024  1688235 1496483 

12 03/01/2024  15/12/2024  2999789 2735496 

13 03/01/2024  23/12/2024  3071104 3043751 

17 04/01/2024  30/12/2024  3122424 2804670 

19 04/01/2024  23/12/2024  2306794 2105922 

22 03/01/2024  22/12/2024  3058408 2853774 

24 03/01/2024  22/12/2024  1234942 61304 

25 01/01/2024  31/12/2024  3058572 2829987 

26 04/01/2024  24/12/2024  3065906 2619882 

29 02/01/2024  20/12/2024  0 0 

31 07/02/2025  02/04/2025  2557450 2168620 

35 04/01/2024  22/12/2024  3054309 3019699 

37 11/01/2024  30/12/2024  3061421 939770 

 

6.3 Trends in operation location  

6.3.1 Fishing location 

Fishing locations are plotted against vessel speed, not only to visualise possible adaptation of the fishing speed 
to different areas but also to identify outliers of the activity algorithm (steaming trajectories are sometimes 
included in fishing activities). 
 

In the following subsections, a distinction is made for different groups based on �o�n and 
�x�–�–

�n
 (cf. Table 3-3)   

 
6.3.1.1 Group n°1 (vessels 1,10,29)  

Group n°1 contains the smallest vessels of the analysed fleet with vessel 1 being the smallest. It can be noticed 
that the vessel is fishing closer to the coast than the other vessels. Vessel 10 and 29 are fishing further away but 
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not as far as the vessels from the other groups. In 2024, vessel 29 covered a larger fishing area in the North Sea 
than the two other vessels of group n°1. 
Of note, only GPS data is available for vessel 29. 
 

 

 
Figure 6-2 �� Fishing locations and speed over ground �� Group n°1 �� 2024 

 
 
6.3.1.2 Group n°2 (vessels 3,4,5,7,11,12,25,26,35)  

Vessel 3, 4 and 5 (sister vessels) were fishing in the same area in 2024 (Figure 6-3). Vessel 7 is fishing in the same 
areas. It can be observed that the vessel 5 is fishing at higher speeds than her sister vessels in most of the areas 
covered. Vessel 7, 11, 12 and 26 are fishing at a higher speed than the other vessels in the same areas. The fishing 
speed is analysed more into details in section 6.4. Vessel 12 is fishing also in the North Sea at lower speeds. Vessel 
25 and vessel 35 are fishing at higher speeds in the North Sea and the Irish Sea respectively when they use 
SumWing gear instead of traditional beam trawl according to the TRIP data. The SumWing (see section 3.3.1) is 
sometimes preferred by fishers because it significantly decreases the pressure on and drag from the bottom 
above specific grounds, resulting in a lower required force to tow the gear (van Marlen et al., 2009). 
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Figure 6-3 - Fishing locations �� Group n°2 - 2024 
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6.3.1.3 Group n°3 (vessel 2,13,17,19,22,24,31, 37)  

In 2024, vessels 2, 19 and 24 were fishing in Denmark at low speed at the end of the year. Other vessels were 
also fishing in the English channel. It can be observed that vessels 19 and 22 were fishing at higher speeds in the 
North Sea because they were using a different gear type (e.g. SumWing). 
 
Vessels from group n°3 are fishing in the same areas, except vessels 13 and 17 who are also fishing in France. 
Higher fishing speeds can be observed in the Bay of Biscay and in the North Sea when they are sailing with 
SumWing or V-net. Only few points are visible for vessel 17 due to a lot of missing data points for the GPS 
direction, the fishing locations are shown using the SOG on Figure 6-6. 
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Figure 6-4 - Fishing locations - Group n°3 �� 2024 
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Figure 6-5 - Fishing locations �� Vessel 17, based on SOG �� 2024 

 
 

6.3.2 Steaming  location 

The steaming locations are predominantly situated in the areas between the designated fishing zones. This 
highlights the vessel's operational pattern of transiting between fishing grounds. The maps also visualize the 
speed over ground, which clearly shows where local currents influence the vessel's speed. While skippers 
typically maintain a constant engine speed during steaming (unless navigating in high seas), the variations in 
speed visible on the graphs are not caused by brief changes in engine orders from manoeuvres or wave action. 
Instead, these speed fluctuations are directly attributable to local currents. A direct correlation is observed: 
zones with higher speeds over ground correspond to areas with the strongest (following) current velocities (see 
7.5). 
 
6.3.2.1 Group n°1 (vessel 1,10,29)  

From Figure 6-6 shows that vessel 1 is concentrated in the English Channel and along the coasts of France, 
Belgium, the Netherlands, and England. A significant portion of its journey appears to be at constant speed. 
Vessel 10 covers a larger area, including the English Channel, the North Sea, and areas near the coasts of France, 
England, Belgium, and the Netherlands. This vessel's path is more dispersed, showing multiple crossings and 
movements within the North Sea. 
Vessel 29 sails mainly within the North Sea, showing a pattern of numerous trips from the Netherlands to various 
locations in the North Sea and back. This suggests a localized operational pattern, rather than long-distance 
transit. 
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Figure 6-6 �� Steaming locations - Group n°1 - 2024 

 
6.3.2.2 Group n°2 (vessels 3,4,5,7,11,12,25,26,35)  

Figure 6-7 shows that the steaming locations highlight the trips between the different fishing locations. Most of 
vessels start their journey from the same ports in France and Belgium and sail from fishing areas to fishing areas 
(long trips). Vessel 12 also starts from the Netherlands and from Denmark to reach different fishing areas in the 
North Sea. 
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Figure 6-7 �� Steaming locations - Group n°2 - 2024 
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6.3.2.3 Group n°3 (vessel 2,13,17,19, 22, 24, 31, 37)  

The same observation can be made for group n°3 from Figure 6-8. It can be noticed that the trajectories of vessel 
17 are not properly captured. 

 

Figure 6-8 �� Steaming locations - Group n°3 �� 2024 
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Figure 6-9 �� Steaming locations �� Vessel 17 - SOG �� 2024 

 

6.4 Trends in speed profile  

6.4.1 Fishing speed 

The speed over ground and the speed through water recalculated based on current velocities (see section 7.5.1) 
are analysed through distribution plots to highlight typical operational patterns and the influence of current on 
the vessels speed. 
 
6.4.1.1 Group n°1 (vessel 1,10,29)  

Vessel 1, 10 and 29 are fishing at low speed compared to the vessels of the other groups. Two operational points 
are observed for vessel 10 which seem to depend on the target species (lower speeds are used to fish 
Langoustines in the north of the Netherlands according to TRIP data and Section 6.3.1.1).  Vessel 29 show a 
certain amount of data points at low and high speeds due to the lack of rope length measurements preventing 
the activity identification algorithm to properly identify fishing sessions. This is a good example were histograms 
can be used to identify outliers because fishing speeds are expected to be normally distributed around the main 
fishing speed. 
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Figure 6-10 �� Steaming locations - Group n°1 - 2024 

 
6.4.1.2 Group n°2 (vessels 3,4,5,7,11,12,25,26,35)  

From the comparison between sister vessels 3, 4 and 5 for the year 2024 (Figure 5-2), it can be noticed that the 
main speed over ground is higher for vessel 5 (4.8 kn) compared to vessel 3 and 4 (4.2 kn). Based on data 
collected for a full year, the distribution of speed over ground (SOG) and speed through water (STW) is relatively 
symmetrical around their mean values. This symmetry suggests that the current has both positive and negative 
effects during fishing. Specifically, the vessel experiences an approximately equal amount of time with a 
favourable following current (positive effect) as it does with an adverse head current (negative effect). Although 
they both have equal speed over ground, the speed through water of vessel 4 is slightly higher, which means that 
the vessel was fishing more often against current than vessel 3.  
 
SOG and STW distributions are similar for vessel 11. 
 
Vessel 12 is fishing at two different speeds depending on fishing gear and location (cf. Section 6.3.1 and TRIP 
data). Otter Bottom Trawl gear (twin rig and quadri rig) is used at 3.1 kn in the North Sea (cf. Section 6.3.1) and 
Bottom Trawl gear is used at 4.5 kn. 
 
Two operational points are also visible for vessel 35 which is mainly sailing at high speed (5.8 kn) when using 
SumWing and lower speeds (4.5 kn) when using conventional beam trawl. 
 
Vessel 26 is predominately fishing at 4.2 kn. 
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Figure 6-11 �� Fishing speeds - Group n°2 - 2024 

 
 
6.4.1.3 Group n°3 (vessel 2,13,17,19, 22, 24, 31, 37)  

 
Two operational points are visible for vessel 13, 17, 19 and 22 which are sailing at 6 kn when using SumWings 
or V-nets and 4.2-4.8 kn when using traditional beam trawl. 
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Vessel 2 and vessel 22 sails at a relatively high speed (4.8 kn) compared to other vessels using traditional beam 
trawl gear. 
 
Vessel 25 is also using SumWing for a short time (6 knots). 
 

 

Figure 6-12 �� Fishing speeds - Group n°2 - 2024 
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6.4.2 Steaming speed 

 
6.4.2.1 Group n°1 (vessel 1,10,29)  

Since fishermen are steaming at a constant engine speed, a wider distribution of the speed over ground can be 
observed compared to fishing.  
 
In 2024, while the speed through water of vessel 1 is concentrated around 8 knots, the speed over ground is 
varying from 6 to 10 knots due to strong current in the English channel. Overall, the current has a negative and 
positive effect on the speed over ground with dominating negative effect because the speed over ground is most 
of the time lower than the speed through water. 
Two peaks can be observed for vessel 10 and vessel 29. 

 

 
 

Figure 6-13 �� Steaming speeds - Group n°1 �� 2024 

 
6.4.2.2 Group n°2 (vessels 3,4,5,7,11,12,25,26,35)  

It can be observed that the vessel mostly operates at a constant speed through water about 9.5 knots for vessels 
3, 4, 5, 7, 11and 12. Vessels 26 and 35 are mostly steaming at a higher speed closer to 10 knots. 
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Figure 6-14 �� Steaming speeds - Group n°2 - 2024 

 
6.4.2.3 Group n°3 (vessel 2,13,17,19, 22, 24, 31, 37)  

Most vessels of group n°3 are steaming at a speed higher than 10 kn (see Figure 6-15). 
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Figure 6-15 �� Steaming speeds - Group n°3 - 2024 
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6.5 Trends in fuel consumption  

 

6.5.1 Fishing fuel consumption 

6.5.1.1 Group n°1 (vessel 1,10,29)  

The fuel consumption of these vessels is low compared to the other groups due to their small size. Two peaks are 
visible for vessel 1, which may indicate two operation points depending on variations of speed through water 
and or net forces. The influence of external factors is further discussed in section 7. n. 
Of note, no fuel consumption data were provided for vessel 29. 

 

 

Figure 6-16 �� Fuel consumption - Fishing - Group n°1 - 2024 

 
6.5.1.2 Group n°2 (vessels 3,4,5,7,11,12,25,26,35)  

During fishing, two peaks can be identified for the fuel consumption, highlighting two main operating conditions.  
The first peak corresponds to typical fishing conditions with some variations due to small variations of weather 
conditions. The second peak highlight fishing legs executed against strong current (cf. Section 7.5.1.). 
 
Figure 6-17 shows that vessel 5 consumes more fuel when fishing, which is caused by a higher fishing speed 
through water (4.65 kn) than vessel 3 (4.25 kn) and vessel 4 (4.35 kn). Vessel 7 has also higher fuel consumption 
than vessels 3 and 4 while this is a smaller vessel fishing approximately at the same speed (4.45 kn). Vessel 7 has 
a first peak around 140 l/h and second peak around 175 l/h while vessel 3 has a first peak around 120 l/h and 
second peak around 160 l/h. 
Vessel 7 has the same engine power as vessels 3,4 and 5 but was built 30 years earlier. 
 
Vessel 12 has a much higher engine power. 
 
���‡�•�•�‡�Ž���t�x���‹�•���•�•�ƒ�Ž�Ž�‡�”���–�Š�ƒ�•���˜�‡�•�•�‡�Ž�•���u�á�v�á�w���„�—�–���†�‘�‡�•�•�ï�–���…�‘�•�•�—�•�‡���•�‡�…�‡�•�•�ƒ�”�‹�Ž�›���Ž�‡�•�•���ˆ�—�‡�Ž���†�—�”�‹�•�‰���ˆ�‹�•�Š�‹�•�‰�ä This is also the 
oldest vessel of the analysed fleet (built year 1981). 
 
Although this is not the largest vessel of the group, vessel 35 consumes more fuel than the other. This is also one 
of the  older vessels (built year 1989). 
 
Two peaks can be observed for vessel 25 due to faulty fuel consumption values. Indeed, from July 2024, the 
measured fuel consumption is lower than 50 l/h which is not realistic. Therefore data from July to December 
2024 are not taken into account for vessel 25 in section 0. 
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Figure 6-17 �� Fuel consumption - Fishing - Group n°2 �� 2024 
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6.5.1.3 Group n°3 (vessel 2,13,17,19, 22, 24, 31, 37)  

Vessels 2,13,17 and 22 are of similar dimensions as the vessels 3,4 and 5 but with a larger block coefficient and 
they were built 20 years before vessels 3,4 and 5. Their fuel consumption is much high during fishing as well as 
during steaming. 
 
Vessels 2, 13 and 17 have similar fuel consumption during steaming. 
 
 

 

Figure 6-18 �� Fuel consumption - Fishing - Group n°3 �� 2024 

 



 

 
TITLE 
Vissersvaartuig van de toekomst �� Analysis of the current state of the fuel consumption of 

Belgian fishing vessels 

DATE 
02-04-2026 

PAGE 
85/ 190 

 

6.5.2 Steaming  fuel consumption 

6.5.2.1 Group n°1 (vessel 1,10,29)  

Two peaks are visible for vessel 10 due to two main fishing speeds identified (see section 6.5.1). 
 

  

Figure 6-19 �� Fuel consumption - Steaming - Group n°1 - 2024 

 
6.5.2.2 Group n°2 (vessels 3,4,5,7,11,12,25,26,35)  

While smaller, vessel 26 consumes more fuel than vessels 3,4,5 when steaming. 
 
In steaming sessions, the highest fuel consumption is not always observed at the highest speed. This is due to an 
additional activity which is not identif ied automatically because it happens when the rope length is close to 0. 
However, this concerns only a limited number of data points as this activity is rather short in time. 
 
The different steps of this activity can be visualized on Figure 6-20. In the first zone, the rope length is zero, but 
the net is just barely still in the water. The skipper increases speed to make sure all fish flush to the cod-end. This 
results in a high fuel consumption and a high speed. After this action, they take in the net (speed and fuel 
consumption are very low). In the third zone, the vessel is turning to the right spot for the next haul or starts 
steaming. 
 

 

Figure 6-20 �� Example of time series of washing pattern. 
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Figure 6-21 �� Fuel consumption - Steaming - Group n°2 - 2024 

 
6.5.2.3 - Group n°3 (vessel 2,13,17,19, 22, 24, 31, 37)  

Figure 6-21 shows the fuel consumption during steaming for group n°3 in 2024.  
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Figure 6-22 �� Fuel consumption - Steaming - Group n°3 - 2024 

 

6.5.3 General comparison of the fuel consumption  

Combining the findings from Table 5-1, Table 5-2 and Table 5-3 with  the mean speed through water from the 
histograms shown in Sections 6.4 , leads to some observations as shown in Figure 6-23. Figure 5-6(a) shows the 
mean fuel rate while fishing (in l/h) vs. the estimated median speed through water (in knots). It is important to 
bear in mind that the mean speed though water used in this graph is based on a dataset that is larger than the 
dataset of the mean fuel rate that was used in Chapter 4, cf. Section 6.2. In addition, the median speed through 
water is used, which is markedly different from the values shown in Section 5..4.1 when the histogram exhibits 
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a double peak (which is the case for vessels 12, 13, 17, 19, 22 and 35). Because of time constraints and the 
limitations of the algorithm that was developed for the analysis, it was not possible to determine the mean fuel 
rate of each haul vs. the mean speed through water of each haul, which would have been more correct. Figure 
5-6(a) clearly shows again that vessels 10 and 25 should be discarded from the analysis, as their  mean fuel rate 
was based on only 1 retained trip for vessels 10 and 25, as discussed in Section 5.5.1. Vessel 1 (which is the 
smallest vessel) clearly shows a different fishing behaviour, fishing at approx. 3.6 knots at a lower mean fuel rate. 
It is the smallest vessel and fishes near the coast for shrimp (cf. Table 3-2, Figure 6-6(a)). 
 
The different behaviour of vessel 1 is also visible in Figure 5-6(b) shows the mean fuel rate while steaming (in 
l/h) vs. the estimated median speed through water (in knots). This graph only gives a rough indication, it is 
recommended to plot the mean fuel rate vs. the mean speed while steaming for each trip. 
 

          

Figure 6-23. (a) Mean fuel rate while fishing (in l/h) vs.  median speed through water (in knots); (b) Mean fuel 
rate while fishing (in l/h) vs. built year  

Figure 6-24 shows the mean fuel rate (in l/h) as given by Table 5-2 vs. the mean fuel rate based on the estimated 
median value of the histograms given in Section 6.5.1 and 6.5.2. The red lines show equality between the two 
parameters which should happened for normally distributed data. This figure shows the influence of using 
different datasets. The agreement is quite good for the mean fuel rate while fishing (occurring at lower speeds), 
but there is quite some deviation for the estimated median of the fuel rate while steaming. The histograms given 
in Section 6.5.2 would benefit from more data and it is also recommended from data cleaning as explained in 
Section 5.2. 
 

          

Figure 6-24. (a) Mean fuel rate while fishing (in l/h) vs. estimated median fuel rate while fishing from 
histograms (in l/h); (b) Mean fuel rate while steaming (in l/h) vs. estimated median fuel rate while steaming 

from histograms (in l/h)  
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6.6 Trends in net forces  

6.6.1 Group n°1 (vessel 1,10,29) 

Net forces are only provided for vessel 10. Two peaks can be noticed, corresponding to two different fishing 
speeds ( Figure 6-16). Net forces were not measured for vessels 1 and 29. 
 

 
Figure 6-25 �� Net forces - Fishing - Vessel 10 (Group n°1) - 2024 

 

6.6.2 Group n°2 (vessels 3,4,5,7,11,12,25,26,35) 

Slightly larger net forces can be observed for vessel 4 compared to vessel 3. Much higher net forces are observed 
for vessel 5  due to higher fishing speed (Figure 6-17). The net forces measured for vessel 11 are similar as the 
ones measured for vessel 5. 
 
Two peaks are visible for vessel 12 corresponding to the use of different gears (TBB and OTB).  
 
Although two fishing speeds were identified for vessels 35, only one peak is visible for the net forces which 
suggest that the use of a different gear has a significant impact on the fuel consumption which compensates for 
the increase in speed.  
 
The influence of fishing gear is analysed more into details in section 7.7. 
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Figure 6-26 �� Net forces - Fishing - Group n°2 �� 2024 

 
 

6.6.3  Group n°3 (vessel 2,13,17,19, 22, 24, 31, 37) 

Although two fishing speeds were identified for vessels 13,17 19 and 22, only one peak is visible for the net forces 
which suggest that the use of SumWing compensates for the increase in speed.  
 
The influence of fishing gear is analysed more into details in section 7.7. 
 
Very low net forces are measured for vessel 17. 
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Figure 6-27 �� Net forces - Fishing - Group n°3 �� 2024 
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6.7 Trends in catch  

 
Although the catch is weighed and logged on the vessel using a specific timestamp, this time stamp does not 
reflect the actual moment of fishing. Instead, the total catch weight is accurately associated with the correct haul 
by referencing the assigned haul ID.  
Based on the objective to assess the efficiency of fishing sessions, particularly to compare vessel 4 and vessel 5 
and evaluate optimal fishing speed, the most instructive visualization is an histogram of the catch measured for 
each haul over a one-year period. Since the catch per haul directly reflects the outcome of a single fishing session, 
analysing the distribution of catch per haul for each vessel reveals not only the average performance but also the 
variability and the frequency of very high or very low catches. Figure 6-28, Figure 6-29, Figure 6-30 and Figure 
6-31 show that vessel 5 gets more catch per haul than vessel 4 during most of the fishing sessions and more catch 
per hour due to the higher fishing speed. 
This gain in catch rate should be compared to the difference in fuel rate (see section 5.2 and 6.5.1). While vessel 
4 is fishing most of the time with a fuel consumption of 113 l/h and vessel 5 with 141 l/h, this would suggest that 
vessel 5 is not fuel-efficient during fishing (solely based on this figure). 
However, the efficiency depends on the location as well as the distance needed to be sailed to reach a fishing 
location.  Therefore it is recommended to take into account the efficiency calculated for a full trip as in section 
5.5.  
For the full year, Table 5-3 shows that vessel 4 and 5 have the same efficiency when steaming and fishing are 
combined (1.69 l/kg for vessel 4 and 1.68 l/kg for vessel 5). Vessel 4 has an average of 1064 km of fishing per 
trip and 352 km of steaming per trip while vessel 5 has an average of 1090.5 km of fishing per trip and 458 km 
of steaming per trip. The longer average steaming distance covered by vessel 5 explains why the total catch 
efficiency is almost equal to the catch efficiency of vessel 4. 
 
 

 

Figure 6-28 �� Catch per haul �� vessel 4 - 2024 
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Figure 6-29 �� Catch per hours (calculated for each haul) �� vessel 4 - 2024 

 

Figure 6-30 �� Catch per haul �� vessel 5 �� 2024 

 

Figure 6-31 �� Catch per hours (calculated for each haul) �� vessel 5 - 2024 
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6.8 Trends in relative wind speed  

The relative wind speed �‹�•�� �…�ƒ�Ž�…�—�Ž�ƒ�–�‡�†�� �ˆ�”�‘�•�� �–�Š�‡�� �–�”�—�‡�� �™�‹�•�†�� �•�’�‡�‡�†�á�� �–�”�—�‡�� �™�‹�•�†�� �†�‹�”�‡�…�–�‹�‘�•�� �ƒ�•�†�� �˜�‡�•�•�‡�Ž�ï�•�� �•�’�‡�‡�†�� �‘�˜�‡�”��
ground (see section 7.5.2). 

6.8.1 Fishing 

 
6.8.1.1 Group n°1 (vessel 1,10,29)  

The vessels of group n°1 are encountering longitudinal relative wind speeds from -15 m/s (head wind) to 10 m/s 
(following wind).  
 

 

Figure 6-32 -Longitudinal relative wind speed, group n°1, 2024. 

 
6.8.1.2 Group n°2 (vessels 3,4,5,7,11,12,25,26,35)  

The vessels of group n°2 are encountering longitudinal relative wind speeds from -20 m/s (head wind) to 20 m/s 
(following wind).  
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Figure 6-33 -Longitudinal relative wind speed, group n°2, 2024. 

 
 
6.8.1.3 Group n°3 (vessel 2,13,17,19, 22, 24, 31, 37)  

The vessels of group n°3 are encountering longitudinal relative wind speeds from -20 m/s (head wind) to 15 m/s 
(following wind).  
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Figure 6-34 -Longitudinal relative wind speed, group n°3, 2024. 
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6.8.2 Steaming 

 
6.8.2.1 Group n°1 (vessel 1,10,29)  

The vessels of group n°1 are encountering longitudinal relative wind speeds from -15 m/s (head wind) to 10 m/s 
(following wind).  
 

 

Figure 6-35 -Longitudinal relative wind speed, group n°1, 2024. 

 
6.8.2.2 Group n°2 (vessels 3,4,5,7,11,12,25,26,35)  

The vessels of group n°2 are encountering longitudinal relative wind speeds from -20 m/s (head wind) to 15 m/s 
(following wind).  
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Figure 6-36 -Longitudinal relative wind speed, group n°2, 2024. 

 
 
6.8.2.3 Group n°3 (vessel 2,13,17,19, 22, 24, 31, 37)  

The vessels of group n°3 are encountering longitudinal relative wind speeds from -15 m/s (head wind) to 10 m/s 
(following wind).  
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Figure 6-37 -Longitudinal relative wind speed, group n°3, 2024. 

   



 

 
TITLE 
Vissersvaartuig van de toekomst �� Analysis of the current state of the fuel consumption of 

Belgian fishing vessels 

DATE 
02-04-2026 

PAGE 
100/ 190 

 

7 FACTORS INFLUENCING FUEL CONSUMPTION 

The different factors influencing the fuel consumption are discussed in this section using reference vessels (e.g. 
vessel 4 and her sister vessels) as examples to illustrate each factor. 
 

7.1 Representation of the data  

Density scatter plots, extend a traditional scatter plot by using colours to illustrate the concentration of data 
points for two variables, effectively acting as a 2D heat map. While histograms help us understand individual 
variable characteristics, density scatter plots highlight the joint distribution and where relationships between 
two variables are most pronounced. For example, Figure 7-1 shows a dominant linear relationship between the 
fuel consumption and speed through water (STW) in the speeds range of 3 to 6 kn. 

 

Figure 7-1 -Example of density scatter plot showing the relationship between fuel consumption and speed 
through water. 

7.2 Data selection  

All the data points available after the basic pre-processing outlined in Section 4.3.4 and the activity classification 
(cf. 4.3.6) are used. For example, in the case of Vessel 3, even with missing catch data, its records for location, 
speed, fuel consumption, and net forces remain essential for understanding its operational profile.  
 
The number of data points retained for fuel consumption for the analysis of operational trends is given in Table 
6-1 after applying  pre-processing (cf. Section 4.3.4) and sorting according to the algorithm (cf. Section 4.3.6). 
 
The number of analysed data points in this section is higher than in section 5 because complete records were 
required (where speed, fuel consumption, and rope length were required for every time step), whereas this 
section utilized all available raw data. 

Table 7-1 ��Overview of the different activities of the fleet analyzed after pre-processing and sorting algorithm 
used for the analysis of factors influencing fuel consumption. 

Ship (ID)  Start (date)  End (date)  
Total number of data points 

for fuel consumption  

 Retained data points for fuel 

consumption  

1 09/02/2024  29/12/2024  2880364 2786340 

2 06/01/2024  31/12/2024  3111414 3105154 

3 03/01/2024  23/12/2024  3070420 2869417 
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Ship (ID)  Start (date)  End (date)  
Total number of data points 

for fuel consumption  

 Retained data points for fuel 

consumption  

4 03/01/2024  31/12/2024  3136625 2497610 

5 04/01/2024  23/12/2024  3062316 2974767 

7 03/01/2024  23/12/2024  3068202 2317263 

10 02/01/2024  20/12/2024  3053999 3041775 

11 03/01/2024  31/12/2024  1688235 1496483 

12 03/01/2024  15/12/2024  2999789 2735496 

13 03/01/2024  23/12/2024  3071104 3043751 

17 04/01/2024  30/12/2024  3122424 2804670 

19 04/01/2024  23/12/2024  2306794 2105922 

22 03/01/2024  22/12/2024  3058408 2853774 

24 03/01/2024  22/12/2024  1234942 61304 

25 01/01/2024  31/12/2024  3058572 2829987 

26 04/01/2024  24/12/2024  3065906 2619882 

29 02/01/2024  20/12/2024  0 0 

31 07/02/2025  02/04/2025  2557450 2168620 

35 04/01/2024  22/12/2024  3054309 3019699 

37 11/01/2024  30/12/2024  3061421 939770 

 
 
 

7.3 Data processing  

For the analysis of external factors influencing the fuel consumption, only straight navigation is considered. 
Therefore, additionally to the basic pre-processing described in 4.3.4, the algorithm identifies manoeuvres based 
on the GPS direction (straight navigation and turns). 
Moreover, steady-state data is required for analysing ship fuel consumption because it provides a stable baseline, 
free from the confounding effects of unsteady manoeuvres like acceleration and turning, which allows for 
isolation of environmental parameters. 
 
Steady-state segments were identified through a rolling window analysis. The method iterates through a moving 
60s time window of data points. For each window, the standard deviation and mean of the engine RPM (or speed 
through water when no engine data is available) are calculated. A segment is considered as steady-state if, within 
that window, the standard deviation does not exceed 2% of the mean value (Figure 7-2). Identifying steady-state 
segments can be challenging because engine RPM often has large variations (Figure 7-3). A common solution is 
to increase the threshold used to filter these variations and adapt it for each vessel or measurement time window. 
Once identified, a low-pass filter (moving average with a 2 min time window) is applied to the fuel consumption. 
 
Contrary to the pre-processing used for statistical analysis, no reconstruction of the data is attempted. To 
�‹�•�†�‹�…�ƒ�–�‡���–�Š�‹�•���…�Ž�‡�ƒ�”�Ž�›�á���–�Š�‹�•���‹�•���‹�•�†�‹�…�ƒ�–�‡�†���„�›���ò�„�ƒ�•�‹�…���’�”�‡-�’�”�‘�…�‡�•�•�‹�•�‰�ó���‹�•���–�Š�‡���…�ƒ�’�–�‹�‘�•�•���‘�ˆ���–�Š�‡���ˆ�‹�‰�—�”�‡�•���‹�•���–�Š�‹�•���…�Š�ƒ�’�–�‡�”�ä 
It may also be noted that high-frequency variations are not studied, as the data are sampled at only 0.1 Hz. 



 

 
TITLE 
Vissersvaartuig van de toekomst �� Analysis of the current state of the fuel consumption of 

Belgian fishing vessels 

DATE 
02-04-2026 

PAGE 
102/ 190 

 

 

 

Figure 7-2 - Steady state identification, example vessel 4 �� 2024. 

 

Figure 7-3 �� Heading and Identification of steady-state segment of vessel longitudinal speed u based on engine 
speed, vessel 25 

 

7.4 Influence of s peed 

While distinct data are available for Speed Over Ground (SOG) and Speed Through Water (STW), the variation of 
SOG that can be analysed are limited because the fishermen maintain either a constant SOG when fishing or 
constant engine speed when steaming. This means any change in the current velocity (due to change of direction 
of the vessel and variation of the tidal current in time) directly forces an inverse change in the required STW (and 
engine power) to hold the SOG steady. Consequently, we rarely observe the influence of speed independent of 
the current. Therefore the influence of speed through water is investigated more in detail in section 7.5.1. 
When only data points with low wind  velocities (�8�Ð��< 10 m/s), low wave heights (�*�æ < 1 m) and low current 
velocities (�8�Ö < 0.05 kn) are considered, a significant increase of fuel consumption can be observed already with 
small variations of SOG during fishing (Figure 7-4). Of note, the gap between two dominant yellow areas is due 
to sensor resolution (0.1 kn). During steaming, only one dominant operational point is identified, making it 
difficult to identify a trend.  It may be noted that the operational point (ca. 105 l/h at 9.5 knots) is quite in line 
with the estimated medians from the histograms in Section 5.4.2 and 5.5.2 (90 l/h at 9.35 knots), which covered 
a larger dataset. 
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The scattered points located at much higher fuel consumption at a lower steaming speed correspond to the 
washing operation identified in section 6.4.2, which include additional drag of an empty fishing net close to the 
surface. 
  

 

Figure 7-4 - Fuel consumption is function of speed through water and speed over ground with �8�Ö < 0.05 kn, �*�æ < 
1 m and �8�Ð��< 10 m/s �� Vessel 4 �� 2024 - fishing (left) and steaming (right) (basic pre-processing, straight 

segments only). 

 

7.5 Influence of w eather conditions  

7.5.1 Current and speed through water 

The effect of a current of eastward velocity �Q�4 and northward velocity �R�4 on a vessel's fuel consumption is directly 
�Ž�‹�•�•�‡�†�� �–�‘�� �‹�–�•�� �‹�•�’�ƒ�…�–�� �‘�•�� �–�Š�‡�� �•�’�‡�‡�†�� �–�Š�”�‘�—�‰�Š�� �™�ƒ�–�‡�”�� �������� �’�”�‘�Œ�‡�…�–�‡�†�� �‘�•�� �–�Š�‡�� �•�Š�‹�’�ï�•�� �†�‹�”�‡�…�–�‹�‘�• �ð (see section 8.4.1) 
defined as: 
 

 �5�6�9
L �5�1�)
F�8�Ö Eq. 1 
 �8�Ö
L �8�4�…�‘�•�:�Ú�Ö
F �ð�; Eq. 2 
 �Ú�Ö
L �ƒ�–�ƒ�•�t�:�R�4�á�Q�4�; Eq. 3 

 �8�4 
L 
§�Q�4
�6 
E�R�4

�6 Eq. 4 

For the analysed manoeuvres, the drift angle is neglected, allowing to assume that �5�6�9 and �5�1�) are equal to the 
speeds measured along the ship's axis; furthermore, the lateral component of the current velocity is neglected in 
the fuel consumption analysis as engine power is dedicated solely to overcoming longitudinal resistance, a 
function of the ship's forward speed through water (see section 0). This also means that no distinction is made 
between the heading �ð and the Course Over Ground (�%�1�)) of the vessels in the present study. 
When the SOG is kept constant, higher engine power is required to maintain that speed, thus increasing the STW 
and fuel consumption. Conversely, a following current allows the engine to work less, decreasing the STW and 
reducing fuel consumption. 
If the vessel maintains a constant engine speed, the impact on fuel consumption is minimal, but its SOG will 
change significantly. A head current will decrease the SOG, while a following current will increase it. 
 
Figure 7-5 shows the fuel consumption of vessel 4 in 2024 in function of �8�Ö and �5�6�9 during fishing and steaming 
when considering only data points with small wave heights (�*�æ��
Q 1 m) and low wind speeds (�8�Ð��< 10 m/s). 
It can be noticed that the speed over ground is kept constant during fishing, hence the effect of current is clearly 
visible on the fuel consumption and the engine speed is kept constant during steaming (hence less variation in 
fuel consumption but more variations of speed over ground).  
Two peaks are visible for �8�Ö = 0 m/s, �(�Ö= 120 and 140 l/h and third (smaller) peak around �8�Ö = -1 kn, �(�Ö = 165 l/h. 
This last peak might indicate that the vessel is sailing more against current than with current (as there is no 
fourth peak when �8�Ö = 1 kn). 
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During fishing, a clear ceiling is also visible in the plot at around 175 l/h. Especially, at high head currents, the 
linear relationship is not held and the fuel rate flattens out. This is likely where the limit of the engine is reached. 
Instead of being able to further increase power, the ship then has to compensate with a decrease in speed. 
During steaming, the fuel consumption remains more or less constant because the engine is set to a fixed engine 
speed, variations of current only influence the speed. 
Figure 7-6 a similar trend of the fuel consumption compared to �5�6�9 for vessels 3,4 and 5 during fishing. 
However, vessel 5 mainly operates at higher speeds and thus consumes more fuel.  
The increase in fuel consumption is rather limited and seem to be linear. Indeed, an increase of speed significantly 
increases the vessel resistance but the efficiency of the propeller is also improved (see section 0). 

 

 

 
 

Figure 7-5 - Fuel consumption in function of �8�Ö and �5�6�9 during fishing (left) and steaming (right). Vessel4 �� 
2024. With head currents corresponding to a negative value and following currents to a positive value. �*�æ <= 1 

m, �8�Ð < 10 m/s (basic pre-processing, straight segments only). 
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Figure 7-6 - Fuel consumption in function of speed through water - vessels 3, 4 and 5 �� 2024 �� All data points 
(basic pre-processing, straight segments) 

 

7.5.2 Wind 

 
The effect of wind on a vessel's fuel consumption is mainly influenced by the longitudinal component �Q�å�ê of the 
relative wind speed (see section 8.4.2) defined as: 
 
 �Q�Ð�Ë 
L �Q
F�Q�Ð�Í  Eq. 5 

 �Q�Ð�Í 
L �8�Ð�Í �…�‘�•�:�Ú�Ð�Í 
F �ð�;  Eq. 6 

With �8�Ð�Í  the true wind speed, �Ú�Ð�Í  its direction and �ð �–�Š�‡���˜�‡�•�•�‡�Ž�ï�•��heading. 
 
During fishing, no clear effect of the relative wind speed �Q�å�ê��on the fuel consumption �(�Ö is visible in Figure 7-7 
because low wind speeds are encountered for most of the data points. However, when separating �Q�Ð�Ë and STW, 
a significant increase of fuel consumption with the relative wind speed is visible on Figure 7-8 independently 
from the current velocity (Vc < 0.05 m/s) ranging from about 100 l/h in following wind and 175 l/h when sailing 
against the wind. This is also visible when considering all data points (Figure 7-9 and Figure 7-10), especially 
during steaming where a clear increase of fuel consumption is observed when the relative wind speed is 
increasing as well as a reduction of �5�6�9 when sailing against the wind (from about 100 l/h when sailing with 
�Q�Ð�Ë 
L �r m/s and �5�6�9 = 10 kn to 140 l/h when sailing against wind of �Q�å�ê 
L 
F20 m/s and �5�6�9 = 8 kn). This 
effect of wind seems to be significant when the relative wind speed is more than 10 m/s. However, this effect 
needs to be analysed together with the influence of waves because high waves usually occur with high wind 
velocities (see section 7.5.3). 
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Figure 7-7 - Fuel consumption in function of �Q�Ð�Ë during fishing (left) and steaming (right) - Vessel 4 �� 2024. 
With head wind corresponding to a negative value and following wind to a positive value. �8�Ö < 0.05 m/s (basic 

pre-processing, straight segments). 
 
 

 
 
Figure 7-8 - Fuel consumption in function of  STW and �Q�Ð�Ë during fishing (left) and steaming (right) - Vessel 4 
�� 2024. With head wind corresponding to a negative value and following wind to a positive value. �8�Ö < 0.05 m/s 

(basic pre-processing, straight segments) 
 
 
 
 

 
 
Figure 7-9 - Fuel consumption in function of �Q�Ð�Ë and �5�6�9 during fishing (left) and steaming (right) - Vessel 4 �� 
2024. With head wind corresponding to a negative value and following wind to a positive value. All data points 

(raw data, straight segments). 
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Figure 7-10 - Fuel consumption in function of  �5�6�9 and �Q�Ð�Ë during fishing (left) and steaming (right) - Vessel 

4 �� 2024. With head wind corresponding to a negative value and following wind to a positive value. All data 
points (basic pre-processing, straight segments). 

 
Figure 7-11 shows an example of clear effect of wind on the fuel consumption. The current is relatively low as 
the �5�6�9 is close to the �5�1�). True wind speed varies from 13 m/s to 12 m/s in this time frame and from 166° to 
162° (convention = blowing toward direction���ä�� ���Š�‹�’�ï�•�� �Š�‡�ƒ�†�‹�•�‰���‹�•�� �u�u�w�¹���‘�•�� �–�Š�‡���ˆ�‹�”�•�–���Ž�‡�‰���ƒ�•�†���s�z�r�¹�� �‘�•�� �•�‡�…�‘�•�†���Ž�‡�‰�ä��
Against the wind relative wind speed of (-15 m/s) , the engine runs at 800 RPM consuming 160 l/h to maintain a 
speed of 4 knots while 700 RPM are sufficient to maintain a speed of 4 knots in the opposite direction (relative 
wind speed of 10 m/s) consuming 120 l/h.  Of note, this large decrease in fuel rate (40 l/h)  could be related to 
added wave resistance as well. 
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Figure 7-11 �� Timeseries - Vessel 4 �� 2023. 

 

7.5.3 Waves 

From the Copernicus data, only the significant wave height �*�æ, wave period �6�É and mean wave direction���E�k  are 
known. Therefore, the influence of the wave length and velocity is not studied. 
 
Figure 7-12 illustrates that vessel 3 mainly encountered sea states in the �*�æ = 0.5 m to 1.5 m with �6�É = 4 s. Higher 
sea states occurred with �*�æ=  2 m and �6�É= 9 s but were less common. The maximum sea state is observed with  
�*�æ up to 7 m and �6�É = 14s. Vessel 4 experienced similar sea states during fishing (Figure 7-13). 
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Vessel 3 

  
Vessel 4 

  
Vessel 5 

 
 

Figure 7-12 �� Hs and Tp encountered by vessel 3, 4 and 5 in 2024 (basic pre-processing, straight segments). 
 

  
Figure 7-13 �� Hs encountered by vessel 4 in 2024 during fishing (left) and steaming (right) (basic pre-

processing, straight segments). 
 
Only the relation between fuel rate and �6�É and apparent wave height �*�Ô is studied. Apparent wave height should 
not be interpreted as the actual experienced wave height, as this still stays �*�æ. Instead, it should be seen as the 
wave height multiplied by a factor indicating if the wave comes head on or follows the ship. The direction of the 
apparent wave height can be defined as �–�Š�‡���†�‹�ˆ�ˆ�‡�”�‡�•�…�‡���„�‡�–�™�‡�‡�•���–�Š�‡���™�ƒ�˜�‡���†�‹�”�‡�…�–�‹�‘�•���@���ƒ�•�†���•�Š�‹�’���†�‹�”�‡�…�–�‹�‘�•���=�á���„�‘�–�Š��
relative to the north-axis. The direction do have an opposite sense. For example when the direction of the ship is 
90 degrees, the ship goes to the east. When the wave direction is 90 degrees, waves comes from the east.  
 
Then the apparent wave height is: 
 

�*�Ô
L �*�æ�…�‘�•���:�@��
F ���=�; 
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The apparent wave amplitude is thus positive for head waves and negative for following waves. 
 
When only conditions with low wind speeds are included in the analysis (Figure 7-14), it is difficult to identify a 
clear trend between the fuel consumption and �*�Ô because only small wave heights are selected due to a strong 
correlation between wind and waves. When all wind conditions are included (Figure 7-15), a clearer trend is 
visible. When considering all data points (Figure 7-16), it can be noticed that the influence of waves is limited 
compared to �5�6�9. The trend is similar to the influence of wind. The influence of waves cannot be assessed 
separately from the influence of wind when analysing such measurements. 
 
During steaming, following waves do not seem to influence significantly the fuel consumption, head waves  
increase the fuel consumption during steaming from �*�æ = 1 m. This seems to be the case during fishing as well, 
but the spread is too large to confirm it. Another challenge in such analysis is that skippers adapt their speed 
depending on the sea state. 
 
 
 

 
 
 

 
 
Figure 7-14 - Fuel consumption in function of �*�Ô and �5�6�9, vessel 4 �� 2024. With head waves corresponding to 
a positive value and following waves to a negative value. Vc <= 0.05 m/s, VWT < 10 m/s (basic pre-processing, 

straight segments) 
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Figure 7-15 - Fuel consumption in function of �*�Ô and �5�6�9, vessel 4 �� 2024. With head waves corresponding to 

a positive value and following waves to a negative value. Vc <= 0.05 m/s (basic pre-processing, straight 
segments).   
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Figure 7-16 - Fuel consumption in function of �*�Ô and �5�6�9, vessel 4 �� 2024. With head waves corresponding to 

a positive value and following waves to a negative value. (basic pre-processing, straight segments). 
 

7.6 Influence of s eason 

The influence of the time of the year can be analysed by splitting the data between the four different seasons of 
the year. An example of variations of external factors is shown for the year 2024 in Figure 7-17. 
 
It can be noticed that the maximum current velocities are rather high in the English channel regardless of the 
season. The maximum significant wave heigh and maximum wind speed are lower between April and September. 
The North Sea is well protected compared to the Bay of Biscay, Celtic sea and the English channel.  
Further investigation was not conducted due to time constraints. 
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Figure 7-17 - Variations of external factors cross the four seasons of the year 2024 
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7.7 Influence of f ishing gear  

7.7.1 Net forces 

In this section the influence of the net forces on fuel consumption is investigated. 
 
The net forces are the drag forces exerted by the nets or fishing gear on the ship and they are expressed in this 
report in  kg (i.e. force in N divided by the gravitational acceleration).  
 
The net forces are the sum of the two values directly provided by the MARELEC sensors installed on each warp 
or winch (one on  starboard side and one on portside). 
 
The variation in fuel consumption observed in Figure 7-5 is partially attributed to variations in net drag forces. 
As net drag increases, more engine power is required to maintain the same towing speed, directly raising the fuel 
rate. 
 
A strong coupling between net forces and fuel consumption is confirmed by Figure 7-18 which shows data for 
vessel 4. Data points in the top right quadrant, at relatively low net force, are attributed to a corresponding 
increase in the vessel's speed through water. The inverse is also noted in the bottom left quadrant, where high 
fuel consumption at low speeds, is explained by abnormally high net forces (which could be caused by the 
increased mass of the catch within the net or hard contact with the seabed or even high net forces during hauling 
as shown on Figure 7-24). 
 
Further analysis is required to quantify the influence of the catch on the net forces. This necessitates a 
comparative study of net force measurements taken at the beginning and end of selected hauls, correlated with 
the final mass of the catch. This work is outside the scope of the present study. 
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Figure 7-18 - Fuel consumption in function of net forces and �5�6�9, vessel 4 -  2024 �� Hs < 1m (basic pre-
processing, straight segments). 

 
The fuel consumption compared to net forces and net forces to STW are analysed for the sister vessels 3, 4 and 
5 in Figure 7-19 and Figure 7-20 respectively to identify possible differences in the gear design (the gear type is 
the same, but there are no details about the mesh of the net for instance). It can be noticed in Figure 7-19 that 
the relationship between fuel consumption and net forces is significantly different  for vessels 3, 4, and 5. For 
example vessel 3 typically consumes about 125 l/h  when the net force is 8 000 kg, vessel 4 consumes 125 l/h 
when the net force is 10 000 kg and vessel 5 consumes 125 l/h when the net force is 11 000 kg. The relationship 
between net forces and STW is also different for the sister vessels (see Figure 7-20). However, Figure 7-6 shows 
that the relationship between fuel consumption and STW is similar  for the three vessels and it is not clear for 
instance why vessel 5 would be consuming much less fuel for a particular value of the net force compared to 
vessel 3.  
 

  
 

 
 

Figure 7-19 - Fuel consumption in function of net forces, vessels 3 (a), 4 (b) and 5 (c),  2024 (basic pre-
processing, straight segments). 

 
 
  

(a) (b) 

(c) 
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Figure 7-20 - Fuel consumption in function of net forces, vessels 3, 4 and 5,  2024 (basic pre-processing, 

straight segments). 
 
It may also be noted that the fuel consumption is not always increasing with speed.  An example is provided in 
Figure 7-21 and Figure 7-22. In this case, net forces are increasing due to external factor (e.g. different type of 
bottom, increase of catch) which induced a reduction of speed because the engine is already at maximum power 
(the fuel consumption remains constant). This explains the ceiling visible even for low speeds when comparing 
fuel consumption in function of STW (see Figure 7-18). 
 
Another unexpected example is shown in Figure 7-22, where the net forces increase and then exhibit an 
oscillating behaviour. The oscillating behaviour can also be remarked in the STW and fuel consumption. 
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Figure 7-21�� Net forces, STW, COG and fuel consumption times series during a fishing leg with TBB, vessel 12, 
2024. 
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Figure 7-22�� Oscillations in net forces, STW, COG and fuel consumption times series observed during a fishing 
leg with TBB, vessel 12, 2024. 

 

7.7.2 SumWing 

The influence of gear type could be further analyzed for vessels 13, 17, 19, 22, and 35, as they utilize both 
traditional beam trawls and SumWing technology (see also section 3.3). To provide a representative illustration 
of this impact, the following analysis focuses on Vessel 35 to demonstrate the specific effects of SumWing 
equipment on fuel consumption. Figure 7-23 shows the fuel consumption in function of �5�6�9 during fishing for 
vessel 35 for the year 2024, when it used both a beam trawl and a SumWing as specified in the Trip.csv file. Two 
main operational points are observed: when the ship is fishing at ca. 4.2 kn (with traditional beam trawl  gear) 
and when the ship is fishing at ca. 5.8 kn (using SumWing technology). The net forces for both speeds are similar, 
i.e. approximately 1 100 kg. This may be explained by the particular characteristics of the SumWing technology, 
where decreased friction on the bottom and reduced mass of the net is compensated by an increase of drag 
partially due to the increase of fishing speed. However, fishermen may have a good reason to increase the fishing 
speed (e.g. to catch other species) which make it difficult to assess the positive effect on the fuel consumption. 
This could also be a requirement to get the SumWing properly lifted. 
 

 
Figure 7-23 �� Net forces (left) and fuel consumption (right) in function of �5�6�9during fishing. Vessel 35 �� 2024. 

�*�æ
O�s�I   (basic pre-processing, straight segments). 
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A first analysis of the timeseries highlighted very high net forces at low speeds, corresponding to deceleration of 
the ship and hauling of the net (see Figure 7-24) which explains the larger scatter in net forces observed in Figure 
7-23.  In the present study, a quick solution to have a clearer view is to keep only the steady part of the net forces 
(e.g. keeping only points with rope rate equal to zero). The analysis hereafter is conducted after applying this 
additional processing.  
Figure 7-25 shows a zoomed view of the timeseries of 3 fishing legs including the fuel consumption. In this 
example, �*�æ
L �s�ä�u���I  which explains the large variations of fuel consumption observed in the raw data and the 
usefulness of filtering. 
 
From Figure 7-26, Figure 7-27 and Figure 7-28, it can be noticed that higher fuel consumption is measured for 
lower net forces with SumWing technology. This is because, under those conditions, the vessel is operating at a 
higher speed, which substantially increases the total hydrodynamic resistance and thus the required power and 
fuel use.  
 
Figure 7-30, which plots fuel consumption directly against speed, clarifies this relationship: 

�x At low speeds, the SumWing provides a clear benefit, leading to lower fuel consumption. This directly 
confirms the expected design advantage, where frictional resistance is effectively reduced by the device. 

 
�x However, the increased of fishing speed ultimately outweighs the friction reduction, causing the overall 

fuel consumption to be higher in the high-speed operating range. 
 
The data thus demonstrates a shift in efficiency: the SumWing is fuel-efficient by design at low speeds, but its 
operational advantage pushes the vessel into a higher-resistance regime, resulting in the high-consumption 
values at high speeds. 
 
Of note, due to limited data available at the time of the analysis and time constraints, the study of gear type 
focuses on a preliminary evaluation of a single vessel rather than a fleet-wide assessment. Therefore,  the fuel 
consumption of other vessels with SumWing technology (vessels 13, 17, 19 and 22) has not been analyzed in 
detail. 
 
 



 

 
TITLE 
Vissersvaartuig van de toekomst �� Analysis of the current state of the fuel consumption of 

Belgian fishing vessels 

DATE 
02-04-2026 

PAGE 
120/ 190 

 

 

Figure 7-24 �� Example of fishing session with SumWing during which hauling of the net is wrongly captured by 
the algorithm (Vessel 35). 
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Figure 7-25 �� Net forces, STW and COG times series during three fishing legs with SumWing (Vessel 35 �� Hs = 
1.3 m). 
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Figure 7-26 �� Net forces, STW and COG times series during four fishing legs with SumWing 
(Vessel 35 - Hs < 1 m) 
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Figure 7-27 - Net forces, STW and COG times series during three fishing legs with traditional beam trawl 
(Vessel 35 �� Hs < 1 m). 

 

 
Figure 7-28 �� Net forces in function of �5�6�9 during fishing without SumWing (left) and with SumWing (right). 

Vessel 35 �� 2024. �*�æ
O�s�I . Rope length rate = 0 m/s (basic pre-processing, straight segments). 
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Figure 7-29 - Fuel consumption in function of net forces during fishing without SumWing (left) and with 
SumWing (right). Vessel 35 �� 2024. �*�æ
O�s�I . Rope length rate = 0 m/s (basic pre-processing, straight 

segments). 
 

 
 

Figure 7-30 - Fuel consumption in function of �5�6�9during fishing without SumWing (left) and with SumWing 
(right). Vessel 35 �� 2024. �*�æ
O�s�I . Rope length rate = 0 m/s (basic pre-processing, straight segments). 

 

7.7.3 OTB 

As described in Section Table 3-5, vessels 10 and 12 use both TBB and OTB technology. For vessel 12, higher net 
forces are observed for the TBB compared to OTB for the same fuel consumption (see Figure 7-31).  However, 
the relationship between STW and fuel consumption is similar with TBB or OTB (see Figure 7-32), which 
suggests some variations of the net forces due to other factors (Figure 7-21). Indeed, Figure 7-21 shows that 
while the fuel consumption (i.e. engine speed) is kept constant during fishing, an increase of net forces can be 
�‘�„�•�‡�”�˜�‡�†�����†�—�‡���ˆ�‹�Ž�Ž�‹�•�‰���‘�ˆ���–�Š�‡���•�‡�–���‘�”���†�‹�ˆ�ˆ�‡�”�‡�•�…�‡���‹�•���„�‘�–�–�‘�•���…�Š�ƒ�”�ƒ�…�–�‡�”�‹�•�–�‹�…�•�����™�Š�‹�…�Š���”�‡�•�—�Ž�–�•���‹�•���ƒ���†�‡�…�”�‡�ƒ�•�‡���‘�ˆ���–�Š�‡���˜�‡�•�•�‡�Ž�ï�•��
speed. Therefore there is no direct relationship between net forces and STW due to variations of net forces during 
fishing (see Figure 7-33). 
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Figure 7-31 �� Net forces in function of �5�6�9 during fishing with OTB (left) and with TBB (right). Vessel 12 �� 

2024. �*�æ
O�s�I . Rope length rate = 0 m/s (basic pre-processing, straight segments). 
 

  
Figure 7-32 - Fuel consumption in function of �5�6�9 during fishing with OTB (left) and with TBB (right). Vessel 

12 �� 2024. �*�æ
O�s�I . Rope length rate = 0 m/s (basic pre-processing, straight segments). 
 

 
 

Figure 7-33 �� Net forces in function of �5�6�9 during fishing with TBB. Vessel 12 �� 2024. �*�æ
O�s�I . Rope length 
rate = 0 m/s (basic pre-processing, straight segments). 

 
The analysis has shown that it is very difficult to analyse the measured net forces with other parameters and that 
it is required to somehow deduce the amount of fish in the net from the analysis in order to correctly study the 
influence of the equipment on fuel consumption.  
As mentioned in section 3.3, only the field GearTypeCode in the TRIP CSV files was used to distinguished between 
OTB and TBB. It is recommended to study this more in details for example by also considering additional 
information contained in these files such as NumberOfGears and NumberOfNetsPerGear in order to analyse 
possible differences in fuel consumption using multiple nets (single rig, twin rig, quad rig). 
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A more detailed analysis of the influence of gear drag on fuel consumption was not possible within the timeframe 
of this project. Further research could also focus on the modelling of dynamic, flexible net structures. Trawl net 
dynamics involve fluid-structure interaction, sediment interaction, and complex material behaviour.  
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Numerical  

8 NUMERICAL MODELLING 

8.1 Methodology  

The fuel consumption of a vessel is directly and significantly linked to the power needed to overcome the forces 
resisting its motion through water and achieve a desired speed. These opposing forces, are called ship resistance. 
Understanding and minimizing  ship resistance is therefore directly related to improving fuel efficiency. 
 
The effective power required at the propeller to overcome the total ship resistance �4�Í  (see Section 8.3) is: 
 
 �2�¾
L �4�Í �8�æ Eq. 7 

where �8�æ �‹�•���–�Š�‡���•�Š�‹�’�ï�•���Ž�‘�•�‰�‹�–�—�†�‹�•�ƒ�Ž���•�’�‡�‡�†���–�Š�”�‘�—�‰�Š���™�ƒ�–�‡�”�ä 
The engine power �2�»(brake power) required to deliver the power �2�¾ (thrust power)  to propel the ship can be 
calculated as: 
 
 �2�» 
L

�2�¾
�ß�Í

 

 

Eq. 8 

With �ß�Í  the total propulsive efficiency (see section 8.5). 
 
And the fuel consumption can finally be estimated as : 
 
 �	�a 
L �2�»

���	����

�é�Ù�è�Ø�ß
 

 

Eq. 9 

With ���	����  the Specific Fuel Oil Consumption and �é�Ù�è�Ø�ß the fuel density depending on the engine characteristics 

(see section 8.4.4.3). 
 
In the literature, data-driven models can be found to estimate ship resistance and power consumption such as 
the MariTEAM model (Kim et al., 2023). Its primary aim is to provide a reliable system for evaluating global 
shipping emissions and assessing the impact of various emission reduction scenarios for the global fleet. This 
MariTEAM model focuses on the engineering and operational aspects of shipping. It leverages a combination of 
vessel characteristics (dimension, type, engine power), AIS data (positions and speeds) and historical weather 
data (wind and waves). 

By integrating these data sources, the model aims to provide a more accurate bottom-up assessment of ship 
power demand and, consequently, fuel consumption and emissions, compared to simpler, more aggregated 
approaches. 

In the present study, similar ship resistance and power consumption model is applied to comprehensively 
understand the fuel consumption of the Belgian fishing fleet through a structured process described on Figure 
8-1.
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Figure 8-1 - Ship resistance and fuel consumption model. 
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The primary motivations for this application are to quantify the factors influencing the fuel consumption under 
typical operational conditions. Full scale measurements provided by ILVO, data received from the shipyards and 
weather data collected from Copernicus Marine are combined to estimate ship resistance and propulsive 
efficiency. The resulting outputs, which include estimates of ship resistance components, required engine power, 
and fuel consumption, are analysed in the next sections. Finally, validation is performed by comparing the 
model's estimates against full-scale measurements, existing statistical models, and data provided by shipyards, 
ensuring the model's accuracy and reliability. 

8.2 Data selection  

Therefore, all the data points available after the basic pre-processing outlined in Section 4.3.4 and the activity 
classification (cf. 4.3.6) are used. For example, in the case of Vessel 3, even with missing catch data, its records 
for location, speed, fuel consumption, and net forces remain essential for understanding its operational profile.  
 
The number of data points retained for fuel consumption for the analysis of operational trends is given in Table 
6-1 after applying  pre-processing (cf. Section 4.3.4) and sorting according to the algorithm (cf. Section 4.3.6). 
The number of analysed data points in this section is higher than in section 5 because complete records were 
required (where speed, fuel consumption, and rope length were required for every time step), whereas this 
section utilized all available raw data. 

Table 8-1 ��Overview of the different activities of the fleet analysed after pre-processing and sorting algorithm 
used for the analysis of trends. 

Ship (ID)  Start (date)  End (date)  
Total number of data points 

for fuel consumption  

 Retained data points for fuel 

consumption  

1 09/02/2024  29/12/2024  2880364 2786340 

2 06/01/2024  31/12/2024  3111414 3105154 

3 03/01/2024  23/12/2024  3070420 2869417 

4 03/01/2024  31/12/2024  3136625 2497610 

5 04/01/2024  23/12/2024  3062316 2974767 

7 03/01/2024  23/12/2024  3068202 2317263 

10 02/01/2024  20/12/2024  3053999 3041775 

11 03/01/2024  31/12/2024  1688235 1496483 

12 03/01/2024  15/12/2024  2999789 2735496 

13 03/01/2024  23/12/2024  3071104 3043751 

17 04/01/2024  30/12/2024  3122424 2804670 

19 04/01/2024  23/12/2024  2306794 2105922 

22 03/01/2024  22/12/2024  3058408 2853774 

24 03/01/2024  22/12/2024  1234942 61304 

25 01/01/2024  31/12/2024  3058572 2829987 

26 04/01/2024  24/12/2024  3065906 2619882 

29 02/01/2024  20/12/2024  0 0 

31 07/02/2025  02/04/2025  2557450 2168620 

35 04/01/2024  22/12/2024  3054309 3019699 

37 11/01/2024  30/12/2024  3061421 939770 
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8.3 Data processing 

For modelling, only straight navigation is considered. Therefore, additionally to the pre-processing described in 
section 4.3.4,  the algorithm identifies manoeuvres (straight navigation and turns). 
Moreover, steady-state data is required for analysing ship fuel consumption because it provides a stable baseline, 
free from the confounding effects of unsteady manoeuvres like acceleration and turning, which allows for 
application of empirical methods and isolation of environmental parameters. Steady-state segments were 
identified through a rolling window analysis. The method iterates through a moving 60s time window of data 
points. For each window, the standard deviation and mean of the engine RPM (or speed through water when no 
engine data is available) are calculated. A segment is considered as steady-state if, within that window, the 
standard deviation does not exceed 2% of the mean value (Figure 7-2). Identifying steady-state segments can be 
challenging because engine RPM often has large variations (Figure 7-3). A common solution is to increase the 
threshold used to filter these variations and adapt it for each vessel or measurement time window. Once 
identified, a low-pass filter (moving average with a 2 min time window) is applied. 
 
 
 

 

Figure 8-2 - Steady state identification, example vessel 4 �� 2024. 

 

Figure 8-3 �� Heading and Identification of steady-state segment of vessel longitudinal speed u based on engine 
speed, vessel 25 
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8.4 ���Š�‹�’�ï�•���–�‘�–�ƒ�Ž���”�‡�•�‹�•�–�ƒ�•�…�‡ (�~�€�; 

The total resistance �4�Í  of a fishing vessel can be decomposed in the calm water resistance �4�¼�Ð (see section 8.4.1), 
the added resistance due to waves �4�º�Ð  (see section 8.4.3), the added resistance due to wind �4�º�º  (see section 
8.4.2) and the added resistance due to the fishing gear �4�¿�À (see section 8.4.4): 
 
 �4�Í 
L �4�¼�Ð
E�4�º�Ð 
E�4�º�º 
E�4�¿�À  Eq. 10 

The directions of the wind speeds, current speeds and wave heights were used to project them on the direction 
of the ship, as resistance is mainly influenced by the longitudinal components of these environmental factors. 
The fishing net forces also need to be projected on the direction of the ship. 
 
During manoeuvring, a ship experiences additional resistance from rudder drag and the drift angle relative to its 
path. The hydrodynamic model used in this study does not incorporate these effects because quantifying their 
impact on required power is challenging due to the absence of data of rudder action and accurate drift angles (no 
heading recorded). However, manoeuvres can be identified based on the change of course over ground, enabling 
to exclude data points from the analysis when the ship is turning. 
 
Moreover, the operational state of the hull and its propeller influences its performance. For instance, the 
accumulation of marine organisms, increased surface roughness, and other forms of hull fouling can substantially 
increase resistance. Similarly, fouling on the propeller diminishes its efficiency, leading to a greater power 
demand. It is worth noting that resistance due to fouling is not taken into account in the current model. 
 

8.4.1 Calm water resistance (�~�o�ƒ�; 

Calm water resistance refers to the force that opposes the motion of a vessel moving through still, undisturbed 
water. This resistance is primarily composed of frictional resistance, arising from the viscous drag of the water 
against the hull, and residual resistance, which includes wave-making resistance (more significant at higher 
speeds), eddy resistance due to flow separation, and viscous pressure resistance from the shape of the hull. 
 
Calm water resistance can be estimated using one of the most common semi-empirical method developed by 
(Holtrop and Mennen, 1982). Accuracy is claimed to be satisfactory for the following conditions: �(�å �¶���r�ä�v�r�á���r�ä�w�w��
�¶���%�ã�¶���r�ä�z�w�á���u�ä�{���¶��

�Å

�»
 �¶���s�v�ä�{���ƒ�•�†���t�ä�s���¶��

�»

�Í
 �¶���v�ä�r�ä 

The Van Oortmerssen method (van Oortmerssen, 1971), (Helmore, 2008) could also be applied, generally 
developed to estimate the resistance of small ships such as trawlers or tugs. The limitations of this method are 
as follows: �(�å  �¶���r�ä�w�r�á���r�ä�w�s���¶���%�ã �¶���r�ä�x�{�á���u�ä�w���¶��

�Å

�»
 �¶���x�ä�u�á���s�ä�{���¶��

�»

�Í
 �¶���u�ä�v�ä 

 
From Table 8-4, it can be observed that the range of parameters of the analysed vessels fit well within the range 
of Van Oortmerssen method, some of them slightly fall below the scope of the Holtrop & Mennen method. 
However, as both of the above-mentioned methods have been initially developed to provide the resistance of a 
fishing vessel, only the Holtrop and Mennen method has been used in the computation process for simplicity.  
Not all vessels have been provided with lines plans or main dimensions. Consequently, the hulls have been 
categorized into groups, and the calm water resistance is given for each group. To determine the calm water 
resistance for a specific vessel, the value provided for the closest vessel within its respective group should be 
used (Table 8-3).  �.�ã�ã is assumed to be equal to 0.9 LOA when no data is provided. 
 
The vessels were systematically sorted into distinct groups based on key hydrodynamic parameters (Table 8-2), 
primarily the block coefficient �%�»��and length-to-beam ratio 

�Å

�»
. This method ensures that vessels with similar hull 

forms and proportions are clustered together, as these characteristics are the main drivers of calm water 
resistance. For vessels with complete data, groups were established based on specific ranges of these parameters. 
For vessels with missing data, their hull form was inferred from their known dimensions (length, beam, and 
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draft) and ratios, allowing them to be assigned to the most hydrodynamically similar group. Vessels 2,13, 22 and 
24 are arbitrarely  in group n°3 but could belong to group n°2 as well. 
It can be noticed that the largest new built vessels (e.g. vessel3) have a smaller block coefficient �%�»��and length-
to-beam ratio 

�Å

�»
 than the old built (e.g. vessel 31). 

 
Of note, �(�N reaches a value of 0.42 for vessel 1 but most of the time �(�N < 0.4 (see section 6.4.2.1). 
 

Table 8-2 �� Groups based on key hydrodynamic parameters. The resistance is calculated for the vessels in bold. 

Group �o�n 
�x

�n
 ID 

1 0.60-0.61 3.1-3.5 1,29,10 
2  0.42-0.59 3.6-4.3 3,4,5,7,11,12,25,26,35 
3 0.62-0.63 3.9-4.0 2,13,17,19,22,24,31,37 

 

Table 8-3 - Hull characteristics of the analysed vessels (estimation in italic)  

ID LOA Lpp B T Vol �(�N �%�ã �%�Õ 
�.
�$

 
�$
�6

 

           

1 21.15 19.00 5.8 2.60  - 0.42    - 3.3 2.2 

10 21.99 21.55 6.2 2.20 181 <0.4 -  0.61 3.5 2.8 

29 27.50 23.80 7.7 3.30 360 <0.4 - 0.60 3.1 2.3 

26 32.50 29.00 8.0 3.30 363 <0.4 0.57 0.51 3.6 2.4 

7 33.67 30.30 7.9 3.10   <0.4  - -  3.8 2.6 

12 34.50 31.69 8.0 3.90 479 <0.4 0.70 0.59 4.0 2.1 

11 34.90 30.87 8.5 3.60  - <0.4  -  - 3.6 2.4 

24 36.11 32.50 8.1 3.80  - <0.4  -  - 4.0 2.1 

22 37.72 33.95 8.6 3.80  - <0.4  -  - 4.0 2.3 

37 37.80 32.95 8.5 3.72 644 <0.4 - 0.62 3.9 2.3 

17 37.80 33.01 8.5 3.90 679 <0.4 0.64 0.62 3.9 2.2 

13 37.84 32.85 8.5 3.60  - <0.4  -  - 3.9 2.4 

31 37.84 32.95 8.5 3.76 659 <0.4 0.69 0.63 3.9 2.3 

2 37.89 32.98 8.5 3.80  - <0.4  -  - 3.9 2.2 

25 37.90 33.63 8.5 3.80 676 <0.4 0.65 0.59 4.0 2.2 

3 37.95 36.15 8.5 3.75 630 <0.4 0.65 0.55 4.3 2.3 

4 37.95 36.15 8.5 3.75 630 <0.4 0.65 0.55 4.3 2.3 

5 37.95 36.15 8.5 3.75 630 <0.4 0.65 0.55 4.3 2.3 

19 38.00 33.30 8.6 3.90 688 <0.4 0.66 0.62 3.9 2.2 

35 38.90 34.35 8.0 3.80 615 <0.4 0.63 0.59 4.3 2.1 

 

Table 8-4 - Range of hull parameters for the analysed vessels 

�r�˜ �o�– �x

�n
 

�n

�€
 

�¶0.44 0.56-0.70 3.09-4.29 2.05-2.78 

 
The calm water resistance is estimated for the different groups of vessels for typical fishing speeds and typical 
steaming speeds presented on Figure 8-4. 
The hull of vessel 3 and 25 perform slightly better than the others at high steaming speed but for the fishing 
speeds range, vessel 12 performs better. Vessel 26 shows low resistance due to shorter length compared to the 
others. At fishing speeds, the resistance is identical for vessels 19 and 31. At higher speeds, vessels 25 and 3 have 



 

 
TITLE 
Vissersvaartuig van de toekomst �� Analysis of the current state of the fuel consumption of 

Belgian fishing vessels 

DATE 
02-04-2026 

PAGE 
133/ 190 

 

lower resistance due to a lower prismatic coefficient compared to vessels 12 and 31. Vessel 19 is in between. 
Vessel 31 has the highest calm water resistance for any speed. 
The difference in resistance at fishing speeds depends mainly on the block coefficient. While during fishing the 
prismatic coefficient plays a larger role. 
 

 
Figure 8-4 - Calm water resistance calculated with Holtrop-Mennen. The scale of the y-axis is adapted 

depending on the speed. Focus on low speeds on the left and focus on higher speeds on the right. 

The hull resistance of recent vessels is usually calculated at the design stage using towing tank tests or CFD. Sea 
trials are also conducted after the vessel is built to measure the power consumption in free running and bollard 
conditions. 

8.4.2 Added wind resistance (�~�m�m) 

The effect of wind (air resistance) can be modelled as additional external forces applied on the vessel 
generating added wind resistance �4�º�º  (see Eq. 1). Forces induced by wind are modelled as: 

 
�~�m�m
L �„ �������� 
L


Ú


Û
�Ë�‡�‚ �˜�•


Û �o�ž�:�½�˜�• �;�m�r�•
��  Eq. 11 

 
�;�u�g�l�b
L

�s

�t
�é�Ô�8�å�ê

�6 �%�ì �:�Û�å�ê�;�#�Å�â ��  Eq. 12 

 
�0�u�g�l�b
L

�s

�t
�é�Ô�8�å�ê

�6 �%�Ç�:�Û�å�ê�;�#�Å�â �.�â�Ô��  Eq. 13 

 �8�å�ê 
L 
¥�Q�å�ê
�6 
E�R�å�ê

�6 ��  Eq. 14 

 �Û�å�ê 
L 
F�ƒ�–�ƒ�•�t�:�R�å�ê�á�Q�å�ê�;  Eq. 15 

 �Q�å�ê 
L �Q
F �Q�ê Eq. 16 

 �R�å�ê 
L �R
F �R�ê ��  Eq. 17 

 �Q�ê 
L �8�ê �…�‘�•�:�Ú�ê 
F �ð�;  Eq. 18 

 �R�ê 
L �8�ê �•�‹�•�:�Ú�ê 
F �ð�;  Eq. 19 

 
With �8�ê the true wind speed (at 10 m above sea level) and �Ú�ê its direction. �#�¿�â  the frontal windage area, �#�Å�â  the 

lateral windage area (see section 3.2). �é�Ô is the air density. �%�Ñ�á�%�Ò�ƒ�•�†���%�Ç can be retrieved from CFD or 
experiments. From (Blendermann, 1994), the coefficients can be calculated for different types of vessels using 
Table 8-5: 
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Eq. 20 
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 �%�&�ß
L �%�&�ß�²�· �:�Û�å�ê�;
�#�¿�â

�#�Å�â
 Eq. 23 

 
Table 8-5 Coefficients of lateral and longitudinal resistance, cross-force and rolling moment coefficients; 

reference data (1)  

 
 
Wind coefficients estimated based on the characteristics of Vessel 3 are presented on Figure 8-5. Those 
coefficients are used for the calculations of wind forces for all vessels for simplicity (same vessel types). It can be 
noticed that �%�Ñ reaches it maximum negative value (i.e. maximum wind force) for angles between 0 and 30 
degrees relative to the bow. 
 
The wind coefficient �%�Ñ varies sinusoidally with  respect to the relative wind angle, therefore the added wind 
resistance is primarily driven by the square of the longitudinal component of the relative wind speed. This is the 
approximation made in section 7.5.2 when comparing the fuel consumption directly with  the longitudinal 
component of the relative wind speed. 
 
Figure 8-6 shows the wind forces calculated for 0-30 m/s relative head wind speeds for the different analysed 
vessels. In can be observed that in some cases the total resistance  increases by more than 100% if the relative 
wind speed is higher than 10 m/s. For instance, for a typical fishing speed of 4 knots, the calm water resistance 
is approximately 2.5 kN for vessel 19 (Figure 8-4) and the added wind resistance reaches the same value for a 
relative wind speed of 10 m/s (Figure 8-6). 
 
From section 6.8, it can be noticed that the analysed vessels experienced longitudinal relative wind speeds from 
-20 m/s to 20 m/s.  
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Figure 8-5- Wind coefficients estimated for vessel n°3 based on (Blendermann, 1994). 

 
 

 

Figure 8-6 �� Added wind resistance computed based windage areas in function of relative head wind speed 
(blowing �ƒ�‰�ƒ�‹�•�•�–���•�Š�‹�’�ï�•���†�‹�”�‡�…�–�‹�‘�•��. 

 

8.4.3 Added wave resistance (�~�m�ƒ�; 

In addition to the resistance experienced by a ship in calm water, an important consideration for vessel operating 
in waves is the added wave resistance. This extra resistance arises from the interaction of the ship with the 
waves, leading to increased power requirements and/or a reduction in speed. 
Moreover, when a ship moves through waves, the wake behind it is altered by both the hull's movement and the 
water particle motion caused by the waves. Consequently, propulsion efficiency can change considerably (Taskar 
et al., 2016). However, the present method, which relies on the steady inflow to the propeller at a given ship 
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speed as determined from calm water tests, does not account for these wave-induced effects. Added resistance 
is considered as constant for a certain sea state. 
 
Different empirical methods can be applied to estimate added wave resistance with some limitations. The 

simplest one STAWAVE-1 can be applied for low Hs (Hs �¶���t�ä�t�w��
§
�Å�Û�Û

�5�4�4
 ~ 0.98 �� 1.35 m in the present study), for 

waves from ahead to +- 45° and for low pitch/heave motions (< 0.05g). Moreover, it is assumed that wave 
reflection dominates the added wave resistance and wave induced ship motions can be neglected. Thus, this 
formula can give a rough idea about the order of magnitude of the added wave resistance for small head waves 
in function of �*�æ�á�$ and the length of entrance �.�Å�¾ defined in Figure 8-7. 
 
 �4�º�Ð 
L

�s

�s�x
�é�C�*�æ

�6�$
¥�$���.�Å�¾ 

 

Eq. 24 

 

Figure 8-7 - Definition of �.�Å�¾ 

 
For instance, head waves with a significant wave height of 1m would generate 2.5 �� 4.5 kN added wave resistance 
on the analysed vessels (depending on their beam and length) which is almost equal to the calm water resistance 
at fishing speeds (see 8.4.1). For simplification, this range of forces can be used as a reference to assess the added 
wave resistance because most waves encountered in 2024 were between 0.5 m to 1.5 m height (see section 7.5.3). 
 
For larger waves (i.e. with higher Hs), STAWAVE-2 is recommended. The method applies a frequency response 
function for ships with heave and pitch, and covers both wave reflection and induced motion effects. 
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Eq. 25 

 �%�º�Ð 
L
�4�ê�Ô�é�Ø�.�ã�ã

�é�C�Þ�º �~�$�~
 

 

Eq. 26 

where �4�ê�Ô�é�Ø is the transfer function of mean resistance increase in regular waves, and �%�º�Ð ��is the non-
dimensional added wave resistance coefficient. �Ù �‹�•���–�Š�‡���ƒ�•�‰�Ž�‡���„�‡�–�™�‡�‡�•���–�Š�‡���•�Š�‹�’�ï�•���Š�‡�ƒ�†�‹�•�‰���ƒ�•�†���‹�•�…�‹�†�‡�•�–���”�‡�‰�—�Ž�ƒ�”��
waves (0 means head waves), �ñ is the circular frequency of regular waves, �'  is the directional spectrum, �Þ�º   is 
wave amplitude. 
 
In this study, the JONSWAP directional spectrum can be used to describe the sea state based on the significant 
wave height, peak period and mean wave direction provided by Copernicus Marine.  
The added wave resistance coefficient has been calculated using the seakeeping software Hydrostar for vessel 3 
(Figure 8-8). However, due to the limited influence of waves, especially during fishing activities, and due to time 
constraints, it was decided not to carry out a  full seakeeping analysis within  the present study. 
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Figure 8-8 �� non dimensional added wave resistance �%�º�Ð ��in function of wavelength �ã��calculated with Hydrostar 
for vessel 3 (�.�ã�ã 
L 38 m) in regular head waves. 

 
 

8.4.4 Added resistance of the fishing gear  (�~�r�s) 

Traditional beam trawls are taken as an example in this section (see Figure 8-9). Beam tralws are typically used 
to target species that stay on the bottom or that are partly buried in the sediment. Therefore, the tickler chains 
of a beam trawl (see chains matrix on Figure 8-10) are specifically designed to disturb the seabed surface and 
penetrate the upper centimetres of the sediment. Tickler chains, are mounted along the whole width of the gear 
(typical beam trawl widths roughly vary between 4 and 12 m). Typically, two beam trawls are towed by each 
vessel, but variation in towing methods and numbers can be quite large. Beam trawls that work in areas of hard 
bottoms deploy a chain mat in the net opening to avoid catching large stones (Lenoir et al., 2023). 
 
 

 

Figure 8-9 �� Beam trawl, perspective view (FAO, 2001). 
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Figure 8-10 �� Beam trawl, top view (FAO, 2001). 

 
 
 
8.4.4.1 Empirical formulas  

Multiple empirical models have been developed to calculate the resistance of different trawling gear components, 
considering mathematical representations for elements such as trawl cables, floats, doors, and nets. These 
formulas, developed through experimental testing and field measurements, provide quick estimates for 
preliminary design calculations and performance assessments (Kowalski and Giannotti, 1974) and (Bilec and 
Obreja, 2020). 
 
The empirical approaches offer computational efficiency for initial gear design phases, though they typically 
assume simplified flow conditions and may not capture the fluid-structure interactions present in real operating 
conditions. These methods remain valuable for industry applications where rapid calculations and design 
iterations are prioritized over detailed flow field analysis and geometric characterization of the trawl (Pereira, 
2012). Additionally, these empirical approaches provide useful order-of-magnitude estimates that can validate 
whether more detailed simulation results fall within expected ranges. 
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8.4.4.2 Numerical model s 

Ine Coen, master student at UGent, developed a net generation tool that can accurately model a complete beam 
trawl configurations (Coen, 2025). This tool automatically generates input files for the open-source MoorDyn-
UGent solver. 
 
The methodology described in (Coen, 2025) is restated below: 
�òThe core of this research lies in a lumped-mass approach utilizing the adapted MoorDyn-UGent solver, a tool 
originally designed for mooring line dynamics and expanded for aquaculture applications. The methodology 
incorporates four key innovations to achieve accurate and computationally efficient modelling of beam trawl 
systems: 

�x Geometric Modelling Algorithm: 
A sophisticated algorithm was developed to create three-dimensional representations of beam trawl nets from 
standard design parameters. This algorithm converts 2D net panel specifications into 3D mesh structures while 
meticulously preserving essential topological relationships through three distinct connection types: 

- Selvedge connections: These join panels longitudinally, involving a clever process of node removal and 
redefinition to ensure seamless integration. 

- Sewing connections: These join panels transversally, forming the characteristic funnel shape of beam 
trawl nets. 

- Mounting connections: These attach the net panels to critical structural elements like the beams, ground 
ropes, and headlines. 

 
�x Mesh Coarsening Strategy: 

To overcome the significant computational burden of simulating nets with thousands of elements, a systematic 
mesh coarsening approach was implemented. This method, based on mesh grouping, effectively reduces the 
number of elements while preserving the original area of the uncut net. The coarse representation maintains 
physical equivalence by adhering to three principles: 

- Volume Conservation: Ensuring the total mass is preserved across different mesh resolutions. 
- Diameter Scaling: Calculating new diameters to maintain equivalent cross-sectional area. 
- Mass Density Adjustment: Modifying mass density to preserve total mass. This strategy allows for a 

substantial reduction in computational time without compromising the essential physical 
characteristics of the net. 

 
�x Hydrodynamic Force Modelling: 

Hydrodynamic forces, crucial for accurate simulation, are calculated using the Morison equation, which 
decomposes total forces into inertial and drag components. Importantly, drag coefficients are adjusted to 
compensate for the differences in projected area between the original and coarsened meshes, ensuring the 
accuracy of the force calculations even with a simplified mesh. 
 

�x Complete System Integration 
Beyond just the nets, the model comprehensively incorporates all rigid structural components of a typical beam 
trawl system. This includes the 12-meter beam, shoes, chain bridles, and ground rope. Component specifications 
are based on real-world data from the IMPACT II study, ensuring the model reflects actual operational 
parameters. 
 
A custom-built Net Generation Tool is central to this research. It automates the creation of MoorDyn input files 
directly from user-friendly Excel-based parameter specifications. This tool is a game-changer, enabling 
parametric design studies and rapid model generation for various trawl configurations. 
The development of this tool highlighted inherent geometric challenges in translating traditional 2D net 
construction drawings into accurate 3D numerical models: 
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�x Panel Bending Challenge: Traditional 2D net drawings don't account for the 3D curvature needed for 
assembled trawls. The model addresses this by systematically accounting for the required panel 
deformation, particularly in the "square panel" which must bend to transition between wings and side 
panels while maintaining proper net geometry. 

�x Lacing Connection Challenge: Connecting panels with different mesh sizes via lacing, a common fishing 
practice, creates geometric incompatibilities in numerical models. The solution involves a precise node 
removal and redefinition process, ensuring proper connectivity even when mesh dimensions or 
coarsening factors vary between adjacent sections.�ó 

 
These solutions bridge the gap between traditional fishing net design and rigorous 3D numerical modeling, 
enabling accurate representations of nets originally designed using 2D conventions. The tool's parametric design 
approach allows for quick exploration of different trawl configurations and systematic variation of parameters 
for optimization. Its modular architecture also facilitates easy modification and extension for various net types. 
 
8.4.4.3 Measured forces  

In the present study, the fishing net forces are not modelled but taken from the measurements to assess the 
impact of the different resistance component on the fuel consumption. Further research is recommended to 
analyse more into detail possible optimization of the fishing gear.  
 
The weight and drag of the gear towed in the water induced forces on the vessel through the warp. Those forces 
are measured directly in the warp and provided in VISTools (see section 4.3.1). The added resistance �4�J�K can be 
obtained by  projecting the forces on the longitudinal direction of the ship to get the added resistance due to the 
fishing gear. The main uncertainty is the angle between the direction of application of the measured net forces 
and the vessel.  
 

 

Figure 8-11 �� Towing warp forces and configuration. 

 
 �4�J�K = �(�J�K�…�‘�•�à�6 

 
Eq. 27 

With �à�6 the vertical angle of the warp at the towing block and �(�R the total net forces measured in VISTools. A 
common rule of thumb in is to set the ratio of warp length to water depth to approximately 3:1. This scope ratio 
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can be used as a basic approximation for the vertical angle �à�6 of the warp at the towing block by treating the 
warp as a straight line ( which implicitly neglects the complex catenary curve). In the present study, �à�6 is assumed 
to be equal to 20°. 
 
A simplified model of the added resistance due to fishing gear can be decomposed in hydrodynamic drag 
component depending on �8�æ

�6 and friction force (contact with the bottom) depending on �Á, the friction coefficient 
(see Table 8-6) and �9�ê, the weight of the gear in water. 
 
 �4�J�K = �=�8�æ

�6 
F �Á�9�ê 
 

Eq. 28 

Table 8-6 �� Friction coefficients for some fishing components in water (Sala, 2013). 

 Friction coefficient  �Á 
Material  Fine sand Sand and gravel 

Netting 0.75 0.65 
Cordage 0.80 0.70 

Steel-wire rope 1.60 1.40 
Combination rope 1.20 1.00 

Wood 0.73 0.51 
Iron 0.61 0.47 

 
���Š�‹�•���•�‹�•�’�Ž�‹�ˆ�‹�‡�†���•�‘�†�‡�Ž���†�‘�‡�•�•�ï�–���–�ƒ�•�‡���‹�•�–�‘���ƒ�…�…�‘�—�•�–���–�Š�‡���’�‡�•�‡�–�”�ƒ�–�‹�‘�•��depth in the seabed which depends on the fishing 
speed and makes the friction more difficult to estimate. Research on penetration depth can be found in (Ghorai 
et al., 2025). 
 
Figure 8-12 shows the measured net forces compared to the calm water resistance estimated with Holtrop-
Mennen for vessel 25 while fishing in 2024. During fishing operations, net drag is the dominant component of 
the total resistance. Similar observations have been made in literature, e.g. (Bilec and Obreja, 2020). 
Consequently, the accuracy of models for calm water resistance, added wave resistance, and added wind 
resistance seem of marginal importance during fishing. 

 

Figure 8-12- Comparison of calm water resistance: Holtrop-Mennen estimation, shipyard sea trial data, and 
Holtrop-Mennen calculations combined with measured net forces projected longitudinally (Note: for reasons of 

confidentiality, values are omitted in this graph). 
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8.5 Propulsive efficiency  (�Á�€) 

Propeller efficiency plays a critical role in a vessel's fuel consumption. A highly efficient propeller effectively 
converts the engine's power into propulsive thrust, minimizing energy losses. When a propeller operates at its 
optimal efficiency, less engine power is required to achieve a desired speed or generate a specific amount of 
thrust. Conversely, a propeller with lower efficiency demands more power from the engine to overcome 
resistance, leading to increased fuel consumption. Therefore, optimizing propeller design, selection, and 
maintenance is paramount for achieving significant fuel savings and improving overall vessel performance. It is 
worth mentioning that propeller efficiency is highly dependent on the vessel's operating conditions, as its 
optimal performance is achieved at specific combinations of engine load and operating speed, which vary 
significantly between steaming and fishing activities. For this reason a controllable pitch propeller seems to be 
the most appropriate propeller for beam trawlers. Nevertheless the ships tend to be equipped with fixed pitch 
propellers to avoid damage to the mechanism, e.g. by net entanglement. 
 
When a ship moves through waves, the wake behind it is altered by both the hull's movement and the water 
particle motion caused by the waves. Consequently, propulsion efficiency can change considerably (Taskar et al., 
2016). However, the present study, which relies on the steady inflow to the propeller at a given ship speed as 
determined from calm water tests, does not account for these wave-induced effects. The impact of waves on 
engine-propeller dynamics cannot be fully analysed from the measurements due to the low sampling frequency. 
Instead, the engine load measurements as well as fuel consumption should be filtered to focus on the mean 
values, as the rapid oscillations induced by waves don't significantly affect the overall fuel consumption. 
 
The total propulsive efficiency �ß�Í  can be calculated as in Equation : 
 
 �ß�Í 
L �ß�È�ß�Á�ß�Ë�ß�Ì 

 
Eq. 29 

Where: 
�x �ß�Í : Total propulsive efficiency 
�x �ß�È: Open water efficiency 
�x �ß�Á: Hull efficiency 
�x �ß�Ë: Relative rotative efficiency 
�x �ß�Ì: Mechanical efficiency in shafting and gearbox 

 

8.5.1 Determining Hull Efficiency (�Á�t ) 

Hull efficiency (�ß�Á) accounts for the interaction between the propeller and the ship's hull. It's calculated using 
the following equation: 
 

 �ß�Á 
L
�s
F �P

�s
F �S
 

 

Eq. 30 

 �S 
L �s
F
�8�º
�8�æ

 

 

Eq. 31 

 �P
L �s
F
�4�Í

�6
 

 

Eq. 32 

The values for the thrust deduction �P and wake fraction �S  are typically derived from empirical methods used for 
predicting calm water resistance (such as Holtrop-Mennen or Heckscher). In the present study, those values are 
retrieved from shipyard data or simply based on typical values of 0.2 and 0.15 respectively. When propeller 
thrust �6 and/or torque �3�� is measured, the wake fraction �S��can also be estimated from the measurements. 
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The wake fraction for a beam trawler can be estimated using modified empirical formulas such as (Kim and Lee, 
2021) derived specifically for fishing vessels, as generic merchant ship formulas such as (Kijima et al., 1990) 
might not be applicable due to the unique hull form characteristics (e.g. high L/ B ratio). 
 
From Table 8-8 it can be noticed that the wake fractions obtained from empirical formulas are much higher than 
the value provided for vessel 25. The wake fraction would be 0.23-0.27 according to (Kijima et al., 1990) and 
between 0.32 to 0.35 (0.42 for vessel 1) according to (Kim and Lee, 2021). 
 

Table 8-7 - Selection of empirical formulas to calculate the wake fraction of a beam trawler 

Source Wake fraction  

(Kijima et al., 1990) �r�ä�w�%�» 
F �r�ä�r�w 

(Kim and Lee, 2021) 
F�r�ä�r�t�t�y
�.

�$

E�r�ä�v�s�z�t 

 

Table 8-8 - Estimation of the wake fraction based on empirical formulas 

ID 
 

(Kijima et al., 1990) (Kim and Lee, 2021) 

1   0.42 

10  0.26 0.34 

29  0.25 0.34 

26  0.21 0.35 

7   0.34 

12  0.25 0.33 

11   0.33 

24   0.34 

22   0.33 

37  0.26 0.33 

17  0.26 0.33 

13   0.33 

31  0.27 0.33 

2   0.33 

25  0.25 0.33 

3  0.23 0.33 

4  0.23 0.32 

5  0.23 0.32 

19  0.25 0.32 

35  0.25 0.33 

 
The wake fraction can also be retrieved from full scale measurements when propeller torque is measured. The 
propeller torque provided for vessel 25 is analysed in section 4.3.2.4. In this section, only torque measurements 
from sea trials provided by the shipyard are used to estimate the wake fraction for vessel 3 and 25. 
 
The values obtained from sea trials are presented in Table 8-9 and Table 8-10. Those values are much lower than 
the values obtained from empirical formulas except for the lowest speed (e.g. �S 
L �r�ä�u�t with a speed of 5.6 knots 
for  vessel 3). No trials were executed at lower speeds (e.g. fishing speeds) which means that the wake fraction 
�…�‘�—�Ž�†�•�ï�– be validated for speeds lower than 5.6 kn. Of note, a value of �S 
L �r�ä�s�w was provided by the shipyard 
data for vessel 25. 
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For simplicity, fixed values of 0.15 and 0.30 are used in the next section. The impact of these wake fraction 
assumptions on propeller efficiency is also evaluated. 

Table 8-9 - Estimation wake fraction vessel 3 from sea trials. 

�‚ �™�:�‘�” �; �•  (-) 

9.8 0.17 

9.2 0.17 

8.7 0.19 

8.0 0.18 

7.6 0.20 

6.9 0.18 

6.5 0.19 
5.6 0.32 

 

Table 8-10 - Estimation wake fraction vessel 25 from sea trials. 

�‚ �™�:�‘�” �; �•  (-) 

5.880 0.112 

7.690 0.097 

9.440 0.083 

10.431 0.076 

 
 
 

8.5.2 Open Water Efficiency (�Á�{ ) 

For applications with a heavily loaded propeller (e.g. beam trawler during fishing), nozzles are used to accelerate 
the flow into the propeller. The flow acceleration and the positive thrust generated by the nozzle itself (acting 
like an airfoil) significantly increase the total thrust and propulsive efficiency at low forward speeds. However, 
this can have less efficiency at high speed due to the increased drag. 
 
Open water efficiency can be obtained from open water diagrams. The shipyards provided such diagrams for 3 
different types of propeller/nozzle configurations. The open water efficiency of other propulsion system can also 
be obtained from typical propeller/nozzles configurations such as Ka-19, Ka-37 found in the literature (Figure 
8-13).  
 
When detailed propeller design is specified, the open water efficiency �ß�È as well as thrust coefficient �� �X��and 
torque coefficient �� �U can be identified from the open water diagram based on the estimated advance ratio J (see 

Figure 8-13). The open water efficiency �ß�È, the thrust �6 and torque �3 can be calculated as in: 
 

 �ß�È 
L
�,���- �Í

�t�è�-�Ê
������ Eq. 33 

 �6
L �é�J�6�&�8�- �Í �:�,�; 
 

Eq. 34 

 �3 
L �é�J�6�&�9�-�Ê�:�,�; Eq. 35 

 �, 
L
�8�Ô
�J�&

 

 

Eq. 36 

 
 �8�Ô
L �:�s
F �S�;�8�æ 

 
Eq. 37 

Eq. 38 
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 �J 
L �J�æ�N Eq. 39 

 

Knowing the vessel�ïs speed �8�æ and propeller rate �J (obtained from engine shaft speed �J�æ and gear reduction �N�;, �, 
can be estimated from the measurements. The wake fraction �S can be calculated from sea trials (when available) 
or from empirical formulas (see Section 8.5.1). The propeller efficiency �ß�È��is obtained from open water diagrams. 
 
For a ducted propeller the total thrust delivered by the ducted propeller unit  is �6
L �6�É 
E�6�½ with  �6�ã the duct 

propeller thrust and �6�½ the duct thrust. From literature, both the total thrust coefficient �- �Í  and the duct thrust  
coefficient �- �Í�½�� are provided. For vessel 25, �6�É�á�6�½ and �6  are provided.  For vessels 3, 4, 5 and 12 only �- �Í  is 
provided. 
 
The range of the propeller efficiency values calculated from the VIStools data collected in 2024 for vessels 3, 4, 5 
and 25 is presented in Table 8-11 assuming a unique wake fraction �S 
L �r�ä�s�w for all vessels. The parametric 2-
Sigma rule is used to define the range by taking the calculated sample mean (µ) and adding or subtracting two 
times the sample standard deviation �ê. Assuming the data follow a normal distribution, this range captures 
approximately 95% of all measured data points, providing a robust definition of the expected variation under 
typical conditions. Values falling outside this boundary, while not strictly classified as statistical outliers by the 
most conservative methods, represent results that are highly unlikely to occur under standard operating 
parameters. 
 
It can be noticed that the mean propeller efficiency is higher during steaming compared to fishing. However, low 
efficiencies are also reached more often in some conditions during steaming for all vessels. The open water  
efficiency of Vessel 5, which is fishing  at a higher speed than vessel 3 and 4, is slightly higher but the difference 
is marginal. 
 
Assuming �, = 0.4 during fishing and �,=0.8 during steaming for vessels 3, 4, 5 and 25, it seems that nozzle n°2 is 
the most suitable. A Ka 5-75 screw series with nozzle no. 19A was chosen with a P/D ratio of 1.2 would also be a 
good option. 
 
The same exercise should be done for the other vessels to validate that they are operating at their design point, 
which should correspond to a compromise between maximum propeller efficiency for fishing and steaming 
conditions. 
 
The studied nozzles exhibit their maximum propulsive efficiency at speeds above the observed fishing speeds. A 
shift to these higher speeds, however, would substantially increase the total resistance (hull and gear), thereby 
offsetting the gains in propeller efficiency. 
 
Due to uncertainty about the wake fraction, the open water efficiencies are also calculated for �S 
L �r�ä�u�r in Table 
8-12. It can be noticed that assuming a higher value for the wake fraction significantly reduces the open water 
efficiency for fishing and increases it significantly during steaming. This highlights the need for an appropriate 
estimation of the wake fraction when designing a propeller, which is applicable to all vessels. 
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Figure 8-13 �� Open water diagrams of Ka 5-75 screw series with nozzle no. 19A (Oosterveld, 1970). 

 
 

 

Figure 8-14 �� Open water diagram nozzle n°1 
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Figure 8-15 �� Open water diagram nozzle n°2 

 

 
 

Figure 8-16 �� Open water diagram nozzle n°3 

 

Table 8-11 - Range of propeller efficiency per vessel in 2024, Hs<1m, �S 
L �r�ä�s�w 

Vessel Activity  Nozzle type �v
è
F 
Û�Ì �v
è �v
è
E
Û�Ì �Á�{
æ 
F 
Û�Ì �Á�{
æ �Á�{
æ 
E
Û�Ì 

1 Fishing - - - - - - - 
1 Steaming - - - - - - - 
2 Fishing - - - - - - - 
2 Steaming - - - - - - - 
3 Fishing FS40 0.31 0.41 0.51 0.42 0.50 0.58 
3 Steaming FS40 0.56 0.82 1.08 0.40 0.56 0.63 
4 Fishing FS40 0.22 0.42 0.62 0.40 0.50 0.60 
4 Steaming FS40 0.39 0.83 1.27 0.26 0.54 0.63 
5 Fishing FS40 0.35 0.43 0.51 0.43 0.51 0.59 
5 Steaming FS40 0.50 0.80 1.10 0.40 0.58 0.63 
12 Fishing - - - - - - - 
12 Steaming - - - - - - - 
25 Fishing High Catch 0.32 0.40 0.48 0.39 0.47 0.53 
25 Steaming High Catch 0.51 0.77 1.03 0.41 0.53 0.53 
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Table 8-12 - Range of propeller efficiency per vessel in 2024, Hs<1m, �S 
L �r�ä�u�r 

Vessel Activity  Nozzle type �v
è
F 
Û�Ì �v
è �v
è
E
Û�Ì �Á�{
æ 
F 
Û�Ì �Á�{
æ �Á�{
æ 
E
Û�Ì 

1 Fishing - - - - - - - 
1 Steaming - - - - - - - 
2 Fishing - - - - - - - 
2 Steaming - - - - - - - 
3 Fishing FS40 0.26 0.34 0.42 0.35 0.43 0.51 
3 Steaming FS40 0.46 0.68 0.90 0.46 0.62 0.63 
4 Fishing FS40 0.19 0.35 0.51 0.32 0.44 0.56 
4 Steaming FS40 0.30 0.68 1.06 0.34 0.62 0.63 
5 Fishing FS40 0.27 0.35 0.43 0.38 0.44 0.50 
5 Steaming FS40 0.42 0.66 0.90 0.42 0.62 0.63 
12 Fishing - - - - - - - 
12 Steaming - - - - - - - 
25 Fishing High Catch 0.27 0.33 0.39 0.31 0.39 0.47 
25 Steaming High Catch 0.41 0.63 0.85 0.41 0.53 0.53 

 
The open water efficiency is calculated for all data points for vessel 3, 4, 5 and 25 in 2024 in function of STW and 
presented on Figure 8-17, Figure 8-18, Figure 8-19 and Figure 8-20 respectively for �S 
L �r�ä�s�w/0.20/0.30 .  With 
the assumption of �S 
L �r�ä�s�w, it can be observed that the vessels 3, 4 and 5 should reduce their steaming speed to 
7-8 knots to reach the maximum propeller efficiency. The propeller efficiency decreases significantly at higher 
speeds. Figure 8-21 show that for vessel 3 the steaming speeds mainly vary from 8.0 kn to 9.3 kn in 2024 inducing 
variations of propeller efficiency from 0.63 to 0.54. These observations suggest that the open water efficiency is 
underestimated (i.e. �S is too low) or that the design point of the vessel was not properly considered at the design 
stage. 
With the assumption of �S 
L �r�ä�t�r, the steaming operation points are closer to the highest efficiency and even at 
higher speeds with the assumption of �S 
L �r�ä�u�r. Which seems to suggest that �S 
L �r�ä�u�r is a better approximation 
for vessel 3 for steaming condition if we assume that the design point was properly selected at the design stage. 
However, it is recommended to check this value for each vessel based on experiments, CFD or full scale 
measurements using torque measurements.   
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Figure 8-17 �� Open water efficiency calculated in function of STW during fishing and steaming, vessel 3, 2024. 
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Figure 8-18 �� Open water efficiency calculated in function of STW during fishing and steaming, vessel 45, 2024. 
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Figure 8-19 �� Open water efficiency in function of STW during fishing and steaming, vessel 5, 2024. 
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Figure 8-20 �� Open water efficiency calculated in function of STW during fishing and steaming, vessel 25, 2024. 

 

 

Figure 8-21 - Open water efficiency calculated in function of STW during steaming (zoom), vessel 3, 2024. 

 

8.5.3 Relative Rotative Efficiency (�Á�~) and Mechanical Efficiency (�Á�•) 

The relative rotative efficiency �ß�Ë accounts for the changes in water flow to the propeller behind the ship relative 
to the open water flow conditions. The mechanical efficiency �ß�Ì ��accounts for power losses within the shafting 
and gearbox (Eq. 14). For example, a reduction gearbox with a reduction of 11.071 is installed on vessel 3. 
In this study, constant values of relative rotative efficiency �ß�Ë=1.0 and mechanical efficiency �ß�Ì =0.98 are 
assumed. 
 

 �ß�Ì 
L
�2�½
�2�»

 

 

Eq. 40 

 �2�½ 
L
�t�è�J�3

�x�r
 

 

Eq. 41 

 

�S 
L �r�ä�u�r 

�S 
L �r�ä�s�w 
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8.6 Engine power �:�| �n�; and fuel consumption ( �r �o) 

The estimation of a ship's main engine brake power �2�» can be obtained from the ship's total resistance �4�Í , its 
speed �8�Ì and total propulsive efficiency, as expressed in Eq. 3: 
 

 �2�» 
L
�2�¾
�ß�Í


L
�4�Í �8�Ì
�ß�Í

 Eq. 42 

 
With �ß�Í  the propulsive efficiency defined in section 8.5. 
The fuel consumption of a ship is calculated based on the instantaneous brake power and the Specific Fuel Oil 
Consumption (SFOC or SFC) depending on the engine loads and engine speed as is Eq. 4: 
 

 
SFC also depends on the type of fuel oil and the type of engine. If no data are provided by the engine manufacturer, 
SFC values can be estimated from measured fuel consumption �	�a (reverse engineering). 
 
For example, the SFC estimated for vessel 3 using the fuel consumption and engine load measured during 
steaming in 2023 is shown on Figure 8-22. It can be seen that the vessel operates at slightly higher engine loads 
during steaming compared to the sea trials conditions. This could be explained by the fact that the sea trials were 
conducted with 5Bf S wind while the ship was sailing 10° North (tailwind).  
 
Most of the steaming time, the vessel is operating at 60% engine load at around 800 RPM (see Figure 8-22) and 
the SFC is between 200 and 250 g/kWh (see Figure 8-24). Most of the fishing time, the SFC is between 150 and 
200 g/kWh when the vessel is operating at higher loads for equivalent engine speeds (see Figure 8-23 and Figure 
8-24). 
 
The SFC is also computed for vessel 4 and 5 (Figure 8-25 and Figure 8-26 respectively).It can be noticed that the 
SFC value strongly depends on the engine speed and engine load. Although the three vessels have the same 
engine, the SFC value differs from one vessel to another which could be due to the inaccuracy of the engine load 
sensor. 
 
The SFC was not calculated for vessel 25 because the engine load sensor is not reliable. However, the shipyard 
provided a table with calculations of the SFC (by reverse engineering) ranging from 200 g/kWh to 300 g/kWh 
depending on the engine load and speed (Figure 8-27). 
 

 

Figure 8-22 �� Engine load vs engine speed - vessel 3 - steaming 
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Figure 8-23 �� Engine load vs engine speed - vessel 3 - fishing 

 

Figure 8-24 - SFC estimated for vessel 3 (fishing and steaming) 

 

 

Figure 8-25 - SFC estimated for vessel 4 (fishing and steaming) 
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Figure 8-26 - SFC estimated for vessel 5 (fishing and steaming) 

 

Figure 8-27 - SFC provided by the shipyard for vessel 25. 

Although not investigated in the present study, it is further possible to estimate CO2 emissions by multiplying  
the fuel consumption with  the carbon content of the fuel. The emission factors for CO2 emissions are determined 
by the mass-based emission factor per fuel type provided in the 2018 EEDI Guidelines (IMO, 2018a). CO2 
emission factors for HFO, MGO, and LNG are respectively 3.114, 3.206, and 2.750 g CO2/g fuel. 
 

8.7 Comparison modelled fuel consumption with full scale measurements  

8.7.1 Calm water resistance 

Although no resistance measurements have been provided by the shipyards, the calm water resistance can be 
retrieved from the measured shaft power and rotational speed recorded during sea trials by applying a reverse-
engineering approach. This process involves using the measured power along with the known characteristics of 
the propulsion unit. The same process can be applied to the VISTools measurements when propeller 
measurements are available (e.g. vessels 25) by selecting only calm weather conditions during steaming.   
The calm water resistance be estimated from measured engine power and ship speed as in : 
 

 �4�¼�Ð
L �4�Í 
L
�ß�Í �2�»

�8�æ
 

 

Eq. 44 

   

The total propulsive efficiency is calculated based on values provided by the shipyards (see Table 8-13). It can 
be noticed that the values provided for w are much lower that the values estimated by empirical formulas. 
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Table 8-13 - Parameters used to calculate calm water resistance from measured shaft power for vessel 3 and 25 
 

ID 3 25 

�P 0.19 0.12 
�S 0.20 0.08-0.11 (depending on speed)  
�ß�Û 1.01 0.95-0.99 (depending on speed) 
�ß�4 0.46-0.56 (depending on speed) 0.47-0.55 (depending on speed) 
�ß�Ë 1.00 1.00 
�ß�Ì 0.98 0.97 
�ß�Í  0.45-0.55 (depending on speed) 0.43-0.53 (depending on speed) 

 
Figure 8-28, and Figure 8-30 compares the calm water resistance calculated by the shipyard (from sea trials) 
with the resistance predicted using the Holtrop-Mennen for vessels 3 and 25 respectively. The resistance is 
slightly underestimated between 8 and 10 knots for vessel 3. The resistance seems to be accurately predicted 
around the main steaming operational point of vessel 25 (10 knots) and underestimated at low sailing speeds. 
 
The final resistance predicted by the model is adjusted by a correction factor derived from sea trial. The corrected 
calm water resistance is shown on Figure 8-29 and Figure 8-31 for vessel 3 and vessel 25 respectively. 
 

 

Figure 8-28 �� Comparison calm water resistance calculated from Holtrop-Mennen and reversed engineered 
from sea trials �� Vessel 3. 
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Figure 8-29 �� Comparison calm water resistance calculated from Holtrop-Mennen after correction with  sea 
trials �� Vessel 3. 

 
 

 

Figure 8-30 �� Comparison calm water resistance calculated from Holtrop-Mennen and reversed engineered 
from sea trials �� Vessel 25. 
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Figure 8-31 �� Comparison calm water resistance calculated from Holtrop-Mennen after correction with sea 
trials �� Vessel 25. 

 

8.7.2 Fuel consumption 

The fuel consumption can only be modelled if a complete dataset is provided. The minimum requirement to build 
a model is to have engine and propeller data from shipyards as well as measured net forces, fuel consumption 
and speed through water for validation. Therefore only vessels 3, 4, 5 and 25 are considered in this section. 
 
The fuel consumption is modelled based on the methodology described in the previous section. Only the net 
forces are not modelled but taken from the measured values (see section 8.4.4.3). 
 
First, the different resistance components are calculated, including calm water resistance, added wind resistance, 
and added wave resistance (restricted to wave heights of �*�æ < 1.35 m). The total resistance is then refined for 
fishing activities by incorporating net forces derived from direct measurements, with an assumed 20° angle 
between the warp and the vessel. This analysis is sensitive to the challenge of accurately interpolating SFC and 
open water efficiency, which are highly dependent on engine load and speed as well as the wake fraction �S. The 
open water efficiency �ß�È is determined through interpolation and �ß�Í ��is calculated based on the parameters 
provided in Table 8-13. Based on section 8.6, the SFC is set to a constant value of 250 g/kWh for all vessels for 
simplicity. The modelled fuel consumption is then directly compared against the measured fuel consumption.  
 
Figure 8-32, Figure 8-34, Figure 8-36 and Figure 8-38 show the comparison between the modelled fuel 
consumption and the measured fuel consumption during fishing and steaming for vessel 3, 4, 5 and 25 
respectively in 2024. 
 
It can be noticed that the fuel consumption is underestimated by the model by about 20% during steaming for 
vessels 3, 4 and 5, which suggests that the SFC value is underestimated. By tuning the SFC value (300 g/kWh) the 
modelled and measured fuel consumption match for vessel 3 for both fishing and steaming (Figure 8-33). The 
steaming fuel consumption match also for vessel 4 and 5 (see Figure 8-35 and Figure 8-37). However, the fuel 
consumption during fishing is significantly overestimated. This confirms the uncertainty about the measured net 
forces discussed in section 7.7. 
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For vessel 25, the number of valid data points is small due to lack of valid fuel consumption between July 2024 
and December 2024. The model overpredicts the fuel consumption due to too large SFC value. When the value is 
reduced to 225 g/kWh, the model matches the measured values (Figure 8-39). Two operational points with low 
fuel consumption can be observed for which the model underestimates significantly the fuel consumption. Those 
two operation points correspond to two deceleration phases of the vessel observed while the engine speed is 
kept constant before reaching the port of Zeebrugge. This could be ascribed to underestimation of local current 
velocities (low resolution) close to the coastline. This effect is not investigated further. 
 
For steaming, a large spread of the modelled values is observed for unique values of measured fuel consumption. 
This can be ascribed to a large variation of the open water efficiency for small variations of speed which suggests 
that in reality the steaming condition is closer to optimal efficiency than predicted by the model. Therefore �, 
might be lower in reality. Hence the wake fraction �S might be slightly higher. The wake fraction �S can be further 
validated based on full scale measurements of the propeller torque using thrust identity . 
 
The model shows fair  agreement when estimating Fc based on fishing net forces for Vessel 5. However, it 
consistently underpredicts the Fc during steaming, a bias also observed in the Fc vs. STW relationship between 
8 and 10 knots and confirmed by prior comparisons with the Holtrop-Mennen method (see Figure 8-28). This 
underprediction is compounded at speeds above 10 knots, where the measured Fc increases dramatically, a 
phenomenon primarily attributed to a significant decrease in open water propeller efficiency �D�S (see Figure 
8-19), indicating that key propulsive efficiency assumptions in the model, such as the estimated wake fraction w, 
are likely inaccurate at higher operational speeds. 
 
The data provided in this study are crucial for deriving a simplified model of fishing vessel fuel consumption and 
identifying the primary parameters that influence efficiency across various operating conditions. While further 
development is required to incorporate fishing gear forces, the current model can already estimate fuel 
consumption across diverse operational scenarios. This allows for the creation of real-world test cases to 
optimize route planning and fishing operations. Furthermore, comparing these results with shipyard design 
specifications provides a basis for improving the design of future fishing vessels. For instance, it is important to 
accurately identify the advance ratio �, at which the vessel is operating to fine-tune the selection of the most 
suitable propeller/nozzle configuration. Additionally, the wake fraction �S must be carefully estimated. 
Therefore, accurate propeller shaft torque measurements are essential. 
 

  

Figure 8-32- Scatter plot of measured and modelled fuel consumption, vessel 3, 2024. The dash line represents 
the ideal line where measured and modelled values match. SFC = 250 g/kWh. 
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Figure 8-33- Scatter plot of measured and modelled fuel consumption, vessel 3, 2024. The dash line represent 
the ideal line where measured and modelled values match. SFC = 300 g/kWh. 

 

  

Figure 8-34- Scatter plot of measured and modelled fuel consumption, vessel 4, 2024. The dash line represent 
the ideal line where measured and modelled values match. SFC = 250 g/kWh. 

 

  

Figure 8-35- Scatter plot of measured and modelled fuel consumption, vessel 4, 2024. The dash line represent 
the ideal line where measured and modelled values match. SFC = 300 g/kWh. 
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Figure 8-36- Scatter plot of measured and modelled fuel consumption, vessel 5, 2024. The dash line represent 
the ideal line where measured and modelled values match. SFC = 250 g/kWh. 

 

Figure 8-37- Scatter plot of measured and modelled fuel consumption during fishing (left) and steaming (right), 
vessel 5, 2024. The dash line represent the ideal line where measured and modelled values match. SFC = 300 

g/kWh. 

 

 

Figure 8-38- Scatter plot of measured and modelled fuel consumption, vessel 25, 2024. The dash line represent 
the ideal line where measured and modelled values match. SFC = 250 g/kWh. 
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Figure 8-39- Scatter plot of measured and modelled fuel consumption, vessel 25, 2024. The dash line represent 
the ideal line where measured and modelled values match. SFC = 225 g/kWh. 
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9 RECOMMENDATIONS AND QUICK WINS 

9.1 Recommendations  

9.1.1 Data collection 

To get reliable analytics, high sensor quality should be guaranteed and the number of missing data points should 
be minimized. Indeed, one of the most sensitive part of the analysis is the identification of the different activities 
during a fishing trip. The activity identification algorithm proposed in the present report fails in identifying 
activities when some data are missing or erroneous. Hence, for some vessels, only a few trips are valid and 
representative of the operational characteristics and fuel consumption analytics.  

 
Overall it is considered that the analysis of the fleet characteristics (operational reports) could be improved by 
feeding it with more data: 

�x Only 12 out of 20 vessels could be retained for the complete statistical analysis. Efforts should be made 
so that every vessel can pass the data quality check. 

�x The amount of trips that could be retained for some vessels is too small, e.g. vessel 25. To determine how 
many trips are required before the results can be considered to be statistically reliable was not part of 
this study. The easiest way to determine this is to look at the mean result of a parameter p taken over n 
�–�”�‹�’�•�ã���‹�ˆ�����–�Š�‡���•�‡�ƒ�•���˜�ƒ�Ž�—�‡���‘�ˆ���’���•�����³���’���•�ª�s���á���•���…�ƒ�•���„�‡���…�‘�•�•�‹�†�‡�”�‡�†���•�—�ˆ�ˆ�‹�…�‹�‡�•�–�ä 

�x In this analysis, only the year 2024 was analysed. To analyse effects such as seasonality, longer periods 
are required. 

A complete analysis of the factors influencing the fuel consumption was done with vessel 4 and her sister vessels. 
This analysis can be extended to the complete fleet using the data collected except for vessel 1 and 29 for which 
traction data was not collected. Moreover, no haul data was collected for vessel 31 in 2024. 
 
To comprehensively understand the fuel consumption of a beam trawler, a simplified model was proposed and 
applied to two different vessels. For modelling, detailed engine and propulsion data are necessary. Especially the 
Specific Fuel Consumption (SFC) and open water efficiency. Open water diagrams are useful as long as a good 
estimate is provided for the wake fraction �S. 
 
To improve the modelling accuracy, data must be filtered to exclude transient, short-duration events that 
introduce noise without significantly contributing to the overall trend, allowing data-driven models to be tuned 
using steady-state weather and operational conditions that represent the primary conditions of a fishing  trip. 
 
Measurement of the friction force at the bottom of the gear would bring additional insight on the net forces. The 
angle between the warp and the vessel is also a crucial parameter. 
 
Moreover, propeller shaft torque measurements are useful to identify the operation points of the propulsion unit 
on open water diagram to calculate the open water efficiency and the hull efficiency (wake fraction). Only one 
vessel was provided with torque measurements �ƒ�•�†���–�Š�‡���ƒ�…�…�—�”�ƒ�…�›���…�‘�—�Ž�†�•�ï�–���„�‡���˜�ƒ�Ž�‹�†�ƒ�–�‡�†�ä 
 

9.1.2 Maintenance for reduced fuel consumption 

Added resistance due to hull roughness & fouling was not investigated in the present analysis but the effects on 
increased resistance and fuel consumption are well known from literature .  
 
For instance, (Townsin et al., 1986) quantified the increase in average hull roughness for traditional coatings. 
More specific studies on fishing vessels can also be found in (Tseng and Huang, 1987). Subsequent studies by 
(Olmer et al., 2017) have further quantified how biofouling and surface ageing drive the frictional resistance for 



 

 
TITLE 
Vissersvaartuig van de toekomst �� Analysis of the current state of the fuel consumption of 

Belgian fishing vessels 

DATE 
02-04-2026 

PAGE 
164/ 190 

 

the global fleet.(Notti et al., 2019) assessed the performance of a fouling release paint on the fuel consumption 
rate of a Mediterranean bottom trawler over a two year period and found that the coating performed much better 
than the traditional antifouling it replaced, both at fishing speed (3.0-4.5 knots) and at steaming speed (9.0-11.5 
knots). 
 
Once fouling organisms attach, hull and propeller cleaning or application of new coatings are quick wins to save 
on fuel.  
 

9.1.3 Vessel design 

The most recent designs of the largest fishing vessels (�.�È�º = 38 m and �$ = 8.5 m, >385 tons) show a positive 
impact on the reduction of fuel consumption due to a reduced block coefficient and reduced length to beam ratio 
resulting in a reduction of the calm water resistance at steaming speeds (cf. Figure 7-4, comparison vessel 31 vs 
vessel 3). However, the influence of the hull design on the total fuel consumption is rather limited because the 
dominant factor in total vessel resistance is the trawling gear as indicated by Table 5-2. 
 
Due to lack of data about the propulsion units, it was not possible to assess the impact of the propeller design for 
all vessels. Nevertheless, the characteristics of three different propulsion units was compared, showing that that 
the actual operation point of the fishing vessels 3, 4, 5 and 25 is significantly lower than the peak of maximum 
efficiency obtained from the propeller characteristics (Cf. section 8.5.2). Fishing at higher speed would increase 
the propeller efficiency but significantly increase the fishing gear resistance (and the brake power) which 
ultimately offsets the gains in propulsive efficiency. Moreover the steaming speed is also lower than the peak of 
maximum efficiency (right side of the peak) which suggest that a reduction of speed would have a positive impact 
on both the resistance and the propeller efficiency. 
 
It was also observed that some vessels could fish at higher speeds with equivalent measured net forces thanks 
to the use of an innovative fishing gear solution (e.g. SumWing). While propeller efficiency likely increased at 
higher fishing speeds, the lack of propeller characteristics for these vessels prevents definitive verification. 
Furthermore, any efficiency gains appear to be offset by the increased power demands required to maintain 
higher speeds because the fuel consumption measured for these vessels is higher when using SumWing 
compared to traditional beam trawl. It is recommended to analyse this further. 
 
Moreover, propeller design is difficult to optimize when various fishing gears are employed, necessitating a wide 
range of operational parameters (e.g., different fishing speeds). 
 
The operational findings highlight an essential and often challenging compromise in the performance of beam 
trawlers: the inherent trade-off between ship resistance, desired fishing speed, and overall propulsion efficiency.  
 

9.1.4 Optimal steaming speed 

As described in section 0, the calm water resistance of the vessel increases with the speed through water. 
Recommendations on optimum operating speeds are discussed for small fishing vessels in (Wilson, 1999). This 
guide also presents information on the key technical areas that affect energy efficiency. Speeds at which the 
vessel should avoid traveling can easily be identified based on the hull, propeller and engine characteristics of 
the vessel. For instance, the calm water resistance shows a steep increase close to the maximum sailing speed, 
the propeller efficiency decreases also at such speed. 
 
However, saving fuel by reducing speed is not easy to apply in practice due to an increase of travel time. A 
reduced speed could imply less time for fishing, less free time between fishing trips or even lower market prices 
owing to late arrival. 
Click or tap here to enter text. 
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9.1.5 Optimal fishing speed 

From section 6.4, it can be seen that during fishing the current has globally a positive and negative effect on the 
fuel consumption (i.e. the speed through water has a normal distribution). Two peaks in the fuel consumption, 
including one at the maximum fuel consumption visible in the histograms presented in section 6.5.1 and the 
density plots presented in section 7.5.1 seems to suggest that some vessels are often sailing against current. 
When looking closer to the data, it can be seen that the direction in which the vessel is towing the net back and 
forth is not necessarily optimised depending on the current direction. During the haul shown on Figure 9-1, 
fishing occurs at headings of 90° and 270°.  A significant increase of speed through water (and thus the fuel 
consumption) is observed for 90° heading while only a slight decrease of STW is observed with 270° due to 
relatively higher longitudinal current velocities (larger difference between STW and SOG) in one direction 
compared to the other direction. 
The trend in �”�‡�Ž�ƒ�–�‹�˜�‡���†�‹�”�‡�…�–�‹�‘�•���‘�ˆ���…�—�”�”�‡�•�–���…�‘�•�’�ƒ�”�‡�†���–�‘���•�Š�‹�’�ï�•���Š�‡�ƒ�†�‹�•�‰���™�ƒ�•���•�‘�–���ƒ�•�ƒ�Ž�›�•�‡�†���‹�•���†�‡�–�ƒ�‹�Ž�•���‹�•���–�Š�‡���’�”�‡�•�‡�•�–��
study due to time constraints but it is recommended to study this further for each vessel to identify the tendency 
or strategy of the fishers (e.g. are they sailing more against the current than with the current).  

 

Figure 9-1 �� Measured speed over ground by GPS compared to speed through water measured by Doppler and 
calculated from hindcast data during 13 legs going back and forth (heading 270° / heading 90°) - Vessel 25 - 

June 9th 2024 

Moreover, a notable observation is the vessel's tendency to maintain a constant speed over ground during fishing 
operations, even with variations of current velocities. This may be attributed to the fact that current velocities 
near the seabed where the fish are located are close to zero (boundary layer influence). The influence of bottom 
boundary layer on trawl behaviour is also investigated by (De La Prada and Priour, 2015). Indeed, it is assumed 
that maintaining a stable towing speed is a deliberate strategy from the fishermen to ensure optimal catch 
efficiency. (Winger et al., 2010) describes how demersal fish, primarily react to the trawl's movement relative to 
the seabed. Their typical escape strategy involves swimming against the trawl's advance to maintain position or 
avoid capture. Therefore, a consistent speed over ground (SOG) is operationally suitable to maximize capture 
efficiency. Maintaining constant speed over ground makes it also easier to plan and record coverage area. 
Moreover, in practice, direct measurements of speed through water are frequently unavailable. In contrast, speed 
over ground is accurately measured and easily maintained. However, the opposite observation is made by 
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(Gloaguen et al., 2016) where speed over ground associated with  trawling  behaviour was much more variable 
than speed through water, suggesting that trawling  occurred at constant engine regimes which is a feasible 
operational alternative. 
 
Finaly, the skipper and crew play a crucial role in fuel efficiency. It is ultimately the skipper who determines the 
�˜�‡�•�•�‡�Ž�ï�•���•�’�‡�‡�†���ƒ�•�†���…�‘�—�”�•�‡�á���ƒ�•�†���–�Š�‡���•�—�…�…�‡�•�•���‘�ˆ���–�Š�‡���–�”�‹�’���‘�ˆ�–�‡�•���†�‡�’�‡�•�†�•���‘�•���–�Š�‡���•�•�‹�’�’�‡�”�ï�•���‡�š�’�‡�”�‹�‡�•�…�‡���ƒ�•�†���•�•�‘�™�Ž�‡�†�‰�‡�á��
along with that of the crew. This expertise can be in selecting the right fishing grounds, operating equipment 
efficiently, or understanding fish behaviour. While the human contribution is significant, it is often considered 
secondary to the technical capabilities of the vessel itself (Mahévas et al., 2011). For instance, section 5.5.2 
showed that overfishing should be avoided and moving to another location is preferred. 
 

9.1.6 Fishing gear 

The data show that for beam trawlers, the resistance generated by the trawling gear is the dominant factor in 
total ship resistance (Figure 8-12). The results presented in Section 5.5.1 have shown that at least 80% of the 
duration of a trip the fuel consumption is consumed while fishing.   
 
However, research efforts have historically prioritized the optimization of the vessel itself (hull design, engine 
and propeller efficiencies) rather than the dynamic forces and configurations of the fishing gear while in use. 
This past neglect stemmed from the technological complexity of modelling dynamic, flexible net structures and 
the focus on the impact on the ground. Trawl net dynamics involve fluid-structure interaction, sediment 
interaction, and complex material behaviour that is difficult to model and requires specific computational tools. 
New techniques, such as warp tension monitoring combined with a machine learning model can be combined to 
better identif y towing states and shift towards an environmentally friendly fishing operations (You et al., 2025) 
. A lot of research has been carried out to reduce the impact of bottom trawling on seafloor habitats. For example, 
several researchers have studied whether semi-pelagic trawl gear can effectively catch demersal groundfishes 
(Abele et al., 2024),(Eighani et al., 2023). 
 
Overall, further r esearch focusing on the simulation of net forces is recommended, directly addresses this 
complexity and fills that knowledge gap.   
 
���� �•�ƒ�•�–�‡�”�ï�•�� �–�Š�‡�•�‹�•�� �™�ƒ�•�� �…�ƒ�”�”�‹�‡�†�� �‘�—�–�� �—�•�‹�•�‰�� �–�Š�‡�� �‘�’�‡�•-source mooring dynamic solver called MoorDynF (Hall and 
Goupee, 2015), which has been further modified by Ghent University to include the effects of 
waves, currents and 3-degree-of-freedom buoy (Pribadi et al., 2022, 2019). A newer version of the open-source 
software, namely MoorDyn v2 (Hall, 2020), includes new features and improvements (e.g., bending stiffness, rod 
elements, waves, currents). Further research should focus on the development of this open source software 
which can be used to analyse existing fishing gears as well as to design novel fishing gears aimed at enhancing 
the efficiency of fishing operations while minimizing fuel consumption. Fuel consumption reduction can be 
achieved by minimizing hydrodynamic loads and ground friction forces (for bottom trawls) on fishing gears. This 
should be investigated considering various fishing net configurations and dimensions subjected to different 
towing speeds, wave conditions and current speeds. 
 
The analysis of the use of ���—�•���‹�•�‰���ƒ�•�†�����™�‹�•�����‹�‰���‹�•���–�Š�‡���’�”�‡�•�‡�•�–���•�–�—�†�›���†�‹�†�•�ï�–��reveal a positive effect on the total 
fuel consumption because the innovative gears were used at higher speeds than traditional fishing gears the 
measured fuel consumption was higher. However, further research focusing on innovative gears is 
recommended to reduce as much as possible the resistance of the fishing gear optimized for fishing speeds 
targeted by the fishers. 
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9.2 Quick wins  

Based on the findings reported in previous sections, a first quick win is to collect more data. The disparity in data 
availability across the fleet hinders a comprehensive comparative analysis. Because a robust analysis requires a 
lot of parameters the priority is to ensure that every vessel provides the high-quality data necessary. 
 
Moreover, the analysis has shown that fishing represent 80% of the duration of a trip. Most of the fuel is 
consumed during fishing and the main contribution comes from the resistance of the fishing gear, especially the 
hydrodynamic drag which increases quadratically with the speed. Therefore, further research should focus on 
the optimization of the fishing gear to minimize fuel consumption. A critical challenge lies in the trade-off 
between drag and velocity: while gear like the SumWing minimizes net forces and may allow for higher towing 
speeds, these higher speeds significantly increase fuel consumption. Consequently, optimization efforts must 
determine the 'sweet spot' where gear efficiency and vessel speed align to produce the lowest fuel consumption 
per unit of catch, rather than simply focusing on drag reduction in isolation. The impact of weather conditions is 
limited compared to the drag of net forces except in very high waves (storm). In that case, no optimization is 
recommended as the skipper needs to guarantee safety in severe weather. 
 
Operational efforts could also be made to reduce hull resistance such as the application of antifouling coatings 
or the implementation of adapted speed depending on operating conditions. For instance, prioritiz ing towing 
legs that align with favourable currents, while simultaneously minimizing or strategically altering return legs 
which would be against strong currents. To take into account current effects, further research should be 
conducted to enhance real-time current awareness for skippers. For instance, integrating a "current-aware" tow 
planning brief before each operation or developing a real-time decision support tool that would enable optimized 
fishing trajectories depending on the current velocity and direction. However, simple instructions to fishers to 
lower their speed through water is difficult to implement due to the complexity of fishing operations and should 
be further discussed with the sector.  Excessive speeding should be avoided and the cost of added hour vs. lost 
revenue should be estimated. 
 
Finally, establishing a bidirectional data exchange between shipyards and vessel owner is essential. Shipyards 
can use VISTools data to refine the identification of actual operation points of each vessel depending on their 
fishing strategies in order to optimize future designs or retrofit , while fishers can try  to align their operations 
with the �˜�‡�•�•�‡�Ž�ï�•���‘�’�–�‹�•�ƒ�Ž���†�‡�•�‹�‰�•���’�‘�‹�•�–�•�ä An example of application was demonstrated with vessel 3,4, 5 and 25. 
Two main operational points where identified during fishing with some variations of the fuel consumption due 
to external factors captured by the model. One main operation point was identified when steaming. These actual 
operation points may differ from the design points of the vessel and should be further analysed by the shipyards. 
   



 

 
TITLE 
Vissersvaartuig van de toekomst �� Analysis of the current state of the fuel consumption of 

Belgian fishing vessels 

DATE 
02-04-2026 

PAGE 
168/ 190 

 

10 CONCLUSIONS  

Twenty fishing vessels of the Belgian fleet were analysed using VISTools data provided by ILVO and data received 
from 3 different shipyards. Most of the vessels were beam trawlers.  
 
The different useful parameters provided by the sensors installed onboard the vessels were described and the 
data quality was examined. For vessels 25 and 29, a comparison between Doppler and Copernicus data revealed 
a small offset. While torque measurements were provided for vessel 25, the data was excluded from further 
analysis due to failing the quality check. An activity identification algorithm was developed to separate the 
analysis of the different operations of the vessel during a fishing trip. The amount of data and the quality provided 
for the fleet is heterogeneous but was sufficient to analyse the operational trends of most of the vessels in 2024. 
 
After sorting the activities and trips of the different vessels, several key analytics relevant to shipowners and 
fishers were calculated for the year 2024. The fuel consumption was analysed and validated (quality check) per 
activity (fishing and steaming) and per trip for 12 vessels of the analysed fleet. The importance of data cleaning 
was highlighted to ensure accuracy and reliability of the fuel efficiency parameters which are derived. 
 
A more detailed analysis was conducted to identify the operational trends of the different vessels using 
histograms generated for the year 2024. Vessels of similar dimensions were compared in order to highlight 
differences in terms of fishing strategy, ship design as well as fishing gear types. 
 
The influence of both environmental variables (waves, wind and current) and operational variables (fishing gear, 
fishing and steaming speeds, vessel characteristics) were further analysed. It was found that fishing net forces 
are the dominant contribution to the total ship resistance, which is strongly dependent on the speed through 
water (i.e. the fishing speed targeted by the fishers as well as the tidal currents).  
 
This study provides key insights into the numerical modelling of fishing vessel fuel consumption by utilizing 
shipyard data to establish calculation procedures for ship resistance and propulsive efficiency. While this model 
enables the estimation of fuel consumption depending on vessel design and external factors, it also demonstrates 
that full -scale measurements are essential for accurately defining actual operating conditions. The simplified 
model predicts quite well the fuel consumption for two different vessel designs based on basic assumptions 
regarding the main consumption contributors. However, due to uncertainties in specific parameters, several 
assumptions were required; this suggests that further research is needed to develop a complete "digital twin" of 
a beam trawler, specifically by integrating comprehensive fishing gear models and higher-resolution data on 
Specific Fuel Consumption (SFC). 
 
Finally, quick wins for short term adaptations to optimize fuel efficiency were provided. It is recommended 
prioritizing  the improvement of data quality. Further research should focus on reducing gear hydrodynamic drag 
at the optimal fishing speed (fish and vessel point of view), current-optimized towing trajectories could be 
investigated, and data-sharing loop between shipyards and owners should be established to align operational 
points with vessel design, while noting that real-time decision tools and research on innovative gear may be more 
effective than simple speed reduction instructions.   
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Trips :  1 to 40 (Page 1 of 3)
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Vessel N°: 1 | Year: 2024
Trips :  41 to 80 (Page 2 of 3)
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Vessel N°: 1 | Year: 2024
Trips :  81 to 106 (Page 3 of 3)
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Trips :  1 to 40 (Page 1 of 2)
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Trips :  41 to 51 (Page 2 of 2)
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Vessel N°: 11 | Year: 2024
Trips :  1 to 29 (Page 1 of 1)
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Vessel N°: 12 | Year: 2024
Trips :  1 to 27 (Page 1 of 1)
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Trips :  1 to 40 (Page 1 of 2)
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Trips :  41 to 42 (Page 2 of 2)
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Vessel N°: 17 | Year: 2024
Trips :  1 to 40 (Page 1 of 2)
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Fishing - annual total = 691872 l Steaming - annual tot. = 100855 l
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Trips :  41 to 42 (Page 2 of 2)
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Vessel N°: 19 | Year: 2024
Trips :  1 to 40 (Page 1 of 2)
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Trips :  41 to 50 (Page 2 of 2)
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Trips :  1 to 34 (Page 1 of 1)
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Trips :  1 to 37 (Page 1 of 1)
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Trips :  41 to 43 (Page 2 of 2)
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Trips :  1 to 39 (Page 1 of 1)
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Vessel N°: 7 | Year: 2024
Trips :  1 to 40 (Page 1 of 1)
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The first part of the report presents a matrix evaluating different types of sustainable 
fuels in terms of availability, port infrastructure, CAPEX, OPEX, environmental impact, 
retrofit feasibility, and safety. The matrix highlights the advantages of liquid fuels due 
to their relative ease of handling and storage.
The second part of the reports serves as an initial technical matchmaking based on a 
simple question: What if one of the fishing vessels in the Belgian fleet is equipped with 
a diesel/methanol dual-fuel engine? The typical operation profile of the vessel and the 
performance maps of the engine are compared, and the positive impact on CO2 emission 
�S�F�E�V�D�U�J�P�O���B�T���X�F�M�M���B�T���U�I�F���O�F�H�B�U�J�W�F���J�N�Q�B�D�U���P�O���U�I�F���W�F�T�T�F�M�n�T���B�V�U�P�O�P�N�Z���B�S�F���R�V�B�O�U�J�G�J�F�E����������

Summary



�‡ Part 1: Fuel evaluation matrix
�‡ Availability
�‡ Port Infrastructure
�‡ OPEX

�‡ Fuel production cost
�‡ Engine efficiency

�‡ CAPEX
�‡ Engine cost
�‡ Storage cost

�‡ Environmental impact
�‡ Retrofit feasibility
�‡ Safety

Table of contents

�‡ Part 2: Initial technical matchmaking
�‡ Dual-fuel operation strategies
�‡ PFI Dual-Fuel Engines
�‡ Limitations in operating range of PFI Dual-Fuel engines
�‡ Operating Range Analysis of case study vessel
�‡ Estimation of diesel substitution by methanol or hydrogen
�‡ Comparison of the required space to operate the vessel 

using methanol, hydrogen or battery-electric systems 
compared to the base case
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Part 1:
Fuel evaluation matrix



Fuels evaluation matrix
Fuels

Baseline Biofuel Bio/E-fuel Bio/E-fuel E-fuel E-fuel Electron

Diesel FAME/HVOMethanolMethane AmmoniaHydrogenBattery

Availability *

Port infrastructure

OPEX
Fuel production cost n/a

Engine efficiency

CAPEX
Engine cost

Storage cost

Environmental impact * * *

Retrofit feasibility n/a

Safety

++ + 0 - --

*Assuming electricity comes from renewable sources

The following slides briefly discuss each of the fuels and then 
tackle each of the criteria, and their scoring per fuel, in more detail
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Commercially, there are two classes of renewable fuels available for CI engines:
Biodiesel: derived from oils and fats (complex, very large molecules), trans-esterified to methyl or 
ethyl esters, to reduce the viscosity
�‡ Hence, this is actually a wide variety of molecules, depending on the feedstock
�‡ Biodiesel in Europe = RME = rapeseed methyl ester
�‡ Biodiesel contains 10-15% of oxygen

�‡ �4�P���J�T���E�J�G�G�F�S�F�O�U���J�O���O�B�U�V�S�F���U�P���G�P�T�T�J�M���E�J�F�T�F�M�����&�O�H�J�O�F�T���O�F�F�E���U�P���C�F���B�E�B�Q�U�F�E���U�P���S�V�O���P�O���Q�V�S�F���C�J�P�E�J�F�T�F�M���	�o�#�������p�

�‡ It therefore has a reduced heating value (energy content)

Green diesel / HVO ���d�����E�F�S�J�W�F�E���G�S�P�N���T�J�N�J�M�B�S���T�P�V�S�D�F�T�
���C�V�U���H�P�J�O�H���U�I�S�P�V�H�I���B���S�F�G�J�O�F�S�Z-type process so 
paraffinic fuel is obtained
�‡ This is much closer in composition to fossil diesel
�‡ �5�I�J�T���E�P�F�T�O�n�U���D�P�O�U�B�J�O���P�Y�Z�H�F�O���B�O�E���I�B�T���T�J�N�J�M�B�S���I�F�B�U�J�O�H���W�B�M�V�F���B�T���E�J�F�T�F�M
�‡ �5�I�J�T���D�B�O���C�F���B���o�E�S�P�Q-�J�O�p���G�V�F�M���J�G���U�I�F���N�B�O�V�G�B�D�U�V�S�F�S���B�M�M�P�X�T���J�U���	�T�U�S�B�J�H�I�U���T�X�B�Q���X�J�U�I���G�P�T�T�J�M���E�J�F�T�F�M�
�����5�I�F���T�B�N�F���I�P�M�E�T���G�P�S���F-diesel 

(e-fuel).

Alternatives to the reference fuel: diesel

�%�J�F�T�F�M�
���C�J�P�E�J�F�T�F�M�
���H�S�F�F�O���E�J�F�T�F�M�
���)�7�0�d
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�‡ CH3OH, methyl-�B�M�D�P�I�P�M�
���o�X�P�P�E���B�M�D�P�I�P�M�p�
���M�J�R�V�J�E���B�U���B�U�N�P�T�Q�I�F�S�J�D���D�P�O�E�J�U�J�P�O�T
�‡ Currently 1 of the 5 most widely produced and shipped chemicals worldwide, used to 

�Q�S�P�E�V�D�F���N�B�O�Z���Q�S�P�E�V�D�U�T���	�Q�M�B�T�U�J�D�T�
���Q�B�J�O�U�T�d�

�‡ Primarily produced from fossil sources now: natural gas (EU, US) and coal (China)
�‡ It can be renewably produced from biomass, or as a e-fuel, or in a combined approach 

(e.g. carbon from biomass, hydrogen from electrolysis)
�‡As a biofuel, it is mostly produced from woody biomass or waste, 

and thus mostly a �o�T�F�D�P�O�E���H�F�O�F�S�B�U�J�P�O�p���C�J�P�G�V�F�M

�‡ It is the simplest hydrogen carrier that is liquid at atmospheric conditions (greatly 
simplifying transport and storage)

�‡ As an e-fuel, it is thus easier to produce than the other light alcohol ethanol, and therefore 
the cheaper e-fuel of the two, and the more scalable one

Methanol: production
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�.�F�U�I�B�O�P�M�n�T���V�T�F���B�T���G�V�F�M���	Verhelst et al.) today is:
�‡ Indirect: through the production of biodiesel (where oils and fats are reacted with methanol to produce fatty 
acid methyl esters)
�‡ Direct: as octane booster in gasoline (limited %)
�‡ Direct: as low or high level blend with gasoline, analogous to ethanol, e.g. M15-M85, in a few countries (see 
later, mainly China)

It has a high octane number (i.e. is resistant to autoignition) making it most suitable for spark-
ignition engines
�‡ Its octane number is higher than gasoline
�‡ This, along with other properties, enables increased efficiency

It is close to ethanol in terms of properties
�‡ But has lower heating value, on a volumetric basis about half that of gasoline

Methanol: use as fuel
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�‡ CH4, gaseous at atmospheric conditions
�‡ Currently mostly used as the main component of natural gas, i.e. a fossil fuel
�‡ But can also be produced from renewable sources. Similar to methanol, this can be 

from biomass (typically, first biogas is formed, which is then purified to 
biomethane), as e-fuel or in a hybrid production.

�‡ �.�F�U�I�B�O�F�n�T���H�M�P�C�B�M���X�B�S�N�J�O�H���Q�P�U�F�O�U�J�B�M���	�(�8�1�
���J�T���C�F�U�X�F�F�O���������B�O�E�������
���E�F�Q�F�O�E�J�O�H���P�O���U�I�F��
time horizon, meaning it is a much more potent greenhouse gas than CO2 and great 
care needs to be taken to avoid leakage during production and use
�‡This has caused many organizations and companies to have discarded the option of methane as 

renewable fuel

Methane: production
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Natural gas is used for many applications, also mobile
To allow sufficient autonomy, it is stored as:
�‡Compressed natural gas (CNG), typically at 200 bar
�‡Liquefied natural gas (LNG), at -162°C

It has a high octane number (i.e. is resistant to autoignition) making it most suitable for 
spark-ignition engines
�‡Its octane number is higher than gasoline
�‡This, along with other properties, enables increased efficiency

Methane: use as fuel
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�‡ NH3, gaseous at atmospheric conditions
�‡ Like methanol, ammonia is also a widely shipped chemical
�‡ One of the main applications now is to produce fertilizer
�‡ Currently it is mostly produced from natural gas
�‡ Can be produced from renewables, mostly as e-fuel, through a similar Haber-Bosch 

process but with renewable energy input
�‡ It is regarded as a potentially carbon-free hydrogen carrier

Ammonia: production
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�‡ Ammonia is not yet used as a fuel
�‡ Ammonia for fuel use would be either stored:

�‡ In liquid form, through cooling: LNH3 (requires cooling to -33°C)
�‡ In liquid form, through pressurizing: GNH3 (requires a pressure ~10 bar)

�‡ Ammonia has:
�‡ High autoignition temperature, ruling out its use as a compression ignition fuel, i.e. it will 

need ignition assistance
�‡ Low laminar burning velocity, complicating its use as a spark ignition fuel (excessively slow 

burn rate)

Ammonia: use as fuel
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�‡ H2, gaseous at atmospheric conditions
�‡ Currently mostly produced as a chemical, from natural gas 

(e.g. in refineries, where it is used to refine fuels)
�‡ Can be produced from renewables, with production through electrolysis using green 

electricity being the most widely studied one. 
It is the �o�Q�S�J�N�B�S�Z�p���F-fuel.

�‡ �)�Z�E�S�P�H�F�O�n�T���H�M�P�C�B�M���X�B�S�N�J�O�H���Q�P�U�F�O�U�J�B�M���	�(�8�1�
���J�T���B�S�P�V�O�E���������	Warwick, N. et al.), meaning 
it is a more potent greenhouse gas than CO2 and great care needs to be taken to 
avoid leakage during production and use (which is needed anyway since it is 
typically an expensive product, and for safety reasons)

Hydrogen: production
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To allow sufficient autonomy, it is stored as:
�‡Compressed hydrogen: in industrial gas bottles at 200 bar, for road vehicle applications at 350 or 

700 bar
�‡Liquefied hydrogen: at -253°C (currently only for space applications, and being studied for ships)

It has a high octane number (i.e. is resistant to autoignition) making it most suitable for 
spark-ignition engines (Verhelst et al.)
�‡Its octane number is higher than gasoline
�‡This, along with other properties, enables increased efficiency

However, it is very susceptible to surface ignition (induced by hot spots)

Hydrogen: use as fuel
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It is very difficult to evaluate the availability of each individual alternative marine fuel. The most widely accepted consensus 
currently is that there will be no one-fits-all solution, and we are sailing towards a multi-fuel future. 
Despite that, the predicted demands and supplies of e-fuels and biofuels from Concawe and S&P Global Commodity Insights 
can still provide some valuable insights. As depicted in the next slide, e-fuels are very scarce today, while biofuels like 
biodiesel or biomethane can already be bunkered at several different ports. It is expected that the supply of e-fuels will 
soar between 2030 to 2040, however, the demand will grow even faster. The deficit of e-fuels supply versus demand is 
expected to further increase by 2050. On the other hand, the demand and supply of biofuels are in a more balanced 
situation and will remain so despite the growth not being as steep as e-fuels.
Both biodiesel and biomethane are currently leading the fuel transition trend while bio-methanol is catching up. However, 
the future of e-fuels is clouded by uncertainty, hence the red colours in the matrix. As for the fully-electrified option, 
onshore power supply has gradually become a norm so its supply shall be abundant, however, it is also uncertain how much 
of it would come from renewable sources, hence the yellow colour.
�'�V�F�M�T���M�J�L�F���N�F�U�I�B�O�P�M���B�O�E���N�F�U�I�B�O�F���D�B�O���C�F���Q�S�P�E�V�D�F�E���F�J�U�I�F�S���X�J�U�I���C�J�P�N�B�T�T���	�o�C�J�P-�
���P�S���F�M�F�D�U�S�P�M�Z�U�J�D���I�Z�E�S�P�H�F�O���	�o�F-�p�
���B�T���G�F�F�E�T�U�P�D�L����
These two processes can even be combined to further boost the conversion yield. This puts them in a relatively 
advantageous position compared to fuels relying on a sole feedstock.

Overview

Availability Baseline Biofuel Bio/E-fuel Bio/E-fuel E-fuel E-fuel Electron

Diesel FAME/HVOMethanol Methane Ammonia HydrogenBattery
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Note: The assumptions of both scenarios can be found in the report (Concawe & S&P Global Commodity Insights)

Supporting Figures

Availability
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As mentioned earlier, alternative marine fuels and onshore power supply (OPS) are getting more attention and becoming 
available at several different ports. However, the progress is much slower for smaller fishing ports.
The readiness of the fishing ports infrastructure for alternative fuels and onshore power supply (OPS) was evaluated by 
comparing the maps showing the availability of different alternative fuels (and OPS) with the trip data of the fishing 
vessels to see if any alternative fuel or OPS is available in the ports that the fishing fleet visits frequently.
The results show that biodiesel is the most widespread alternative fuel, followed by biomethane, with these fuels already 
available in fishing ports like Le Havre, Harlingen and Zeebrugge. Besides biofuels, there is also a plan to establish e-
methanol production and OPS in the Le Havre port area (Qair, 2024). It is also worth pointing out that, despite methane 
being bunkered at more ports around the world today than methanol, it requires much higher infrastructure investment as 
methane is typically stored in cryogenic liquid state for marine fuel usage (LNG). 
Ammonia and hydrogen bunkering, on the other hand, are still in an early demonstration stage, with these demonstrations 
usually taking place in major container ports like Rotterdam and Antwerp.

Overview

Port infrastructureBaseline Biofuel Bio/E-fuel Bio/E-fuel E-fuel E-fuel Electron

Diesel FAME/HVOMethanol Methane Ammonia HydrogenBattery
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Supporting figures

Port infrastructure 

Two examples of the maps are included here. 
�‡ The top one shows the locations where biofuel bunkering 

has taken place since 2015 (green) and where biofuel 
suppliers have indicated biofuel availability (red); each 
location represents one port; bunkered biofuels include 
FAME, HVO, bio-methane, and bio-methanol (DNV, 2025).

�‡ The one below shows ports with at least one berth with 
Onshore Power Supply (OPS). (CLIA, 2025)

Similar maps for other alternative fuels can be found below 
�‡ liquid natural gas (LNG) and liquid biomethane (LBM): 

https://sea-lng.org/bunker-navigator/ 
�‡ Methanol: https://methanol.org/marine/index.html
�‡ Hydrogen (More from transmission and distribution 

perspective): https://www.h2inframap.eu/#map
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The fuel production cost is evaluated with projections 
of Mærsk Mc-Kinney Møller Center.
The projected cost of biodiesel only starts from 2030 
because it is then assumed to be produced with more 
advanced technologies like hydrothermal 
liquefaction or pyrolysis. The price of biodiesel 
currently on the market is discussed in the next slide.
The projected costs of e-fuels rely heavily on the cost 
of renewable electricity hence the projection of the 
latter is also plotted against the y-axis on the right. 
LSFOwith a carbon price of USD 100/ton of CO2 is 
added to the figure to demonstrate how biofuels 
become competitive when a carbon price is imposed.

Fuel production cost

OPEX Baseline Biofuel Bio/E-fuel Bio/E-fuel E-fuel E-fuel Electron

Diesel FAME/HVOMethanol Methane Ammonia HydrogenBattery
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Fuel production cost

OPEX
The bunker fuel prices presented here are a snapshot on 13th 
of October 2025 (ENGINE) and are adjusted to have the same 
energy content as one metric ton of LSFO(same unit as in the 
previous slide)
�‡ B100 = 100% biodiesel, mostly fatty acid methyl ester 

(FAME)
�‡ Otto MS = Medium-speed engines with Otto-cycle 

combustion, higher methane slip.
�‡ Diesel SS = Slow-speed engines with Diesel-cycle 

combustion, lower methane slip.
�5�I�F���S�P�X�T���o�3�P�U�U�F�S�E�B�N�p���B�O�E���o�4�J�O�H�B�Q�P�S�F�p���S�F�Q�S�F�T�F�O�U���U�I�F���S�B�X��
costs excluding EU Emission Trading System (ETS) costs, 
FuelEU Maritime penalties, and estimated compliance surplus 
values for FuelEU pooling, while the other rows include them. 
B100 and LBM prices in Rotterdam also factor in Dutch 
rebates for advanced liquid and gaseous biofuels sold in the 
Netherlands.
ETS and FuelEU only account for large ships of 5000 gross 
tonnage (GT) and above. The scope of ETS might expand and 
include smaller vessels down to 400 GT from 2027.

USDper ton of LSFO equivalent
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Engine efficiency

OPEX

Most of the fishing vessels monitored in the project are 
equipped with 4-stroke medium-speed compression-
ignition (CI) engines. On diesel and biodiesel they can 
usually achieve a brake thermal efficiency of 42-43%.
As for dual-fuel operation with methanol, methane and 
hydrogen, the expected efficiency would be lower as these 
fuels have very different properties from diesel, and most of 
the dual-fuel engines are based on existing diesel engine 
designs.
Ammonia is difficult to ignite and burns slowly hence its 
engine efficiency is expected to be the lowest among the 
candidates.
Electric motors usually have an efficiency of over 90%

Baseline Biofuel Bio/E-fuel Bio/E-fuel E-fuel E-fuel Electron

Diesel FAME/HVOMethanol Methane Ammonia HydrogenBattery
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The engine and storage costs of various alternative fuels are 
referenced from Korberg et al. and depicted here.
The absolute values in the figure may not be representative 
as the vessels (ferry, bulk carrier, and container ship) 
evaluated in the said paper are significantly larger than the 
fishing vessels, but the relative trends should hold.
Both engine and storage costs heavily depend on the state of 
the fuels, i.e., if the fuel is liquid or gas at ambient conditions. 
This explains why CAPEX for running on liquid fuels like 
diesel/biodiesel or methanol is much lower than for gaseous 
fuels like ammonia, methane, and hydrogen.
Storage condition for gaseous fuels 

�‡ Ammonia: -33 °C under ambient pressure (cooled), or at 
10 bar for ambient temperature (pressurized)

�‡ Methane: -162 °C at ambient pressure
�‡ Hydrogen: -253 °C at ambient pressure

Engine & Storage costs

CAPEX Fuel
Baseline Biofuel Bio/E-fuel Bio/E-fuel E-fuel E-fuel Electron

Diesel FAME/HVOMethanol Methane Ammonia HydrogenBattery
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The volumetric and gravimetric energy density of various alternative fuels 
are depicted in the figure above right for reference.
�8�I�J�M�F���M�J�R�V�F�G�J�F�E���N�F�U�I�B�O�F���J�U�T�F�M�G���I�B�T���I�J�H�I�F�S���o�H�S�P�T�T�p���W�P�M�V�N�F�U�S�J�D���B�O�E��
gravimetric energy density than fuels like methanol and ammonia, it is 
worth pointing out that the cryogenic tanks for liquid methane can take 
�V�Q���R�V�J�U�F���T�P�N�F���T�Q�B�D�F���	�S�F�E�V�D�J�O�H���U�I�F���o�O�F�U�p���F�O�F�S�H�Z���E�F�O�T�J�U�Z�
����
A typical cross section of a vacuum-insulated cylindrical LNG storage tank 
is depicted in the figure below right. The vacuum is usually kept in an 
�B�O�O�V�M�B�S���T�Q�B�D�F���X�J�U�I���B���U�I�J�D�L�O�F�T�T���P�G���������Þ���������N�N���	�B�D�D�P�S�E�J�O�H���U�P��Wärtsilä), 
i.e., the yellow area in the figure. Assuming a tank with a diameter of 3 
meter fitted with a vacuum space of 250mm thickness, the effective 
volume for storing LNG is only around 70% of the tank volume. This value 
would further reduce for LNG tanks with a smaller diameter.  
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The environmental impacts of different alternative fuels are 
compared based on their carbon footprints during the whole 
lifecycle, including not only the end use but also the 
production and distribution. The carbon footprints are 
quantified by the global warming potential over 100 years 
(GWP100) in the unit of gram of carbon dioxide equivalent 
(gCO2eq). 
Methane is apotent greenhouse gas (GHG) with a GWP100 of 
28. A leakage of 1% is assumed during distribution, which 
explains the higher GWP100 values for both e- and bio- 
variants. Note that methane slip is not accounted for in the 
figure as different types of engine may result in different 
levels of methane slip.
Another even more potent GHG is nitrous oxide (N2O), a 
potential product of ammonia combustion, with a GWP100 of 
265. This is also not accounted for in the figure but reflected 
in the matrix.

Global Warming Potential

Environmental 
impacts

0
10
20
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40
50
60
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80
90

100

GWP100, gCO2eq/MJ high Low

Data sources:
�‡ Fossil: RDEIII
�‡ Biofuels: RDEIII & Kanchiralla et al.

�‡ High and low values come from various feedstocks.
�‡ E-fuels: Kanchiralla et al.

�‡ Low values assume 100% wind power while high values 
assume 2030 electricity mix 

Baseline Biofuel Bio/E-fuel Bio/E-fuel E-fuel E-fuel Electron

Diesel FAME/HVOMethanol Methane Ammonia HydrogenBattery
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�o�;�F�S�P-�F�N�J�T�T�J�P�O�p���T�P�M�V�U�J�P�O�T���E�P���O�P�U���F�Y�J�T�U���J�G���U�I�F���X�I�P�M�F���M�J�G�F�D�Z�D�M�F���J�T���S�F�H�B�S�E�F�E�
���U�I�J�T���T�U�B�U�F�N�F�O�U���I�P�M�E�T���U�S�V�F���F�W�F�O���G�P�S���G�V�M�M�Z���F�M�F�D�U�S�J�D��
options. For instance, the carbon intensity of wind power is assumed to be 9 g/kWh instead of zero in the referenced study 
(Kanchiralla et al.). 
A solution with minimized impact, however, exists with the right choices.
Biofuels produced with different feedstocks lead to very different GHG impacts. The higher values are associated with those 
produced from food crops, such as rapeseed or palm oil, while the lower ones are produced from waste, such as manure, 
�T�U�S�B�X�
���C�M�B�D�L���M�J�R�V�P�S���P�S���B�O�J�N�B�M���G�B�U�T�����5�I�F�T�F���o�X�B�T�U�F-�C�B�T�F�E�p���C�J�P�G�V�F�M�T���B�S�F���T�P�N�F�U�J�N�F�T���D�B�M�M�F�E���T�F�D�P�O�E-generation biofuels.
In general E-fuels have higher GHG reduction potential than biofuels, but this depends highly on the electricity used to 
produced them. The figure in the previous slide clearly shows that second-generation biofuels can outperform e-fuels if the 
latter are produced with electricity from the grid.

Additional notes

Environmental impacts
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Most of the fishing vessels today are powered by four-stroke diesel engines. Many of them are already capable of running 
on biodiesel with minor or no modifications.
In recent years, engines running on methanol, methane or hydrogen are also emerging on the market. Among them, the 
storage difficulty of (liquefied) methane and hydrogen makes retrofitting more challenging. Most existing fishing vessels 
powered by LNG or LH2 are newbuilds.
Four-stroke engines operating on ammonia, on the other hand, are still at an early stage of development and are not yet on 
the market.
There has not been a case of retrofitting a fishing vessel to methanol power, but the feasibility can be considered relatively 
high given the successful demonstrator in the EU-funded project FASTWATER. This will be detailed in the next slide.
A case study with electrification is discussed in slide 29.

Retrofit feasibilityBaseline Biofuel Bio/E-fuel Bio/E-fuel E-fuel E-fuel Electron

Diesel FAME/HVOMethanol Methane Ammonia HydrogenBattery

n/a
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�0�O�C�P�B�S�E���B�O�E���C�V�O�L�F�S�J�O�H���T�B�G�F�U�Z���P�G���P�Q�F�S�B�U�J�O�H���X�J�U�I���U�I�F�T�F���F�O�F�S�H�Z���D�B�S�S�J�F�S�T���B�S�F���D�P�N�Q�B�S�F�E���C�B�T�F�E���P�O���/�'�1�"�������������o�4�U�B�O�E�B�S�E���4�Z�T�U�F�N��
�G�P�S���U�I�F���*�E�F�O�U�J�G�J�D�B�U�J�P�O���P�G���U�I�F���)�B�[�B�S�E�T���P�G���.�B�U�F�S�J�B�M�T���G�P�S���&�N�F�S�H�F�O�D�Z���3�F�T�Q�P�O�T�F�p��

This is a standard maintained by the U.S.-based National Fire Protection Association. Only the blue diamond, which 
represents the health hazard, and the red diamond, which represents flammability, are relevant here. The higher the 
number in the diamond is, the worse the level of potential hazard.

Fuel spills or leakage can pose a substantial risk to aquatic life should they occur. This is especially relevant for fishing 
vessels. The median lethal concentration of traditional marine fuel oil to aquatic life is in the order of 0,1-1 g/L, while the 
same value for methanol is in the order of 5-50 g/L (so methanol is less lethal than marine fuel oil) and only 0,3-3 mg/L for 
ammonia (more lethal). The risk will be lower for hydrogen and methane as they are gaseous under ambient conditions and 
they are lighter than air, so will quickly disperse.

Safety Baseline Biofuel Bio/E-fuel Bio/E-fuel E-fuel E-fuel Electron

Diesel FAME/HVOMethanol Methane Ammonia HydrogenBattery

Diesel Methanol Methane Ammonia Hydrogen

NFPA 704 Diamond 
(CAMEO Chemicals)
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For retrofitted cases

Tank size benchmarking

FASTWATER 
MethaTug

Target 
vessel

FASTWATER
River Cruiser

Length (m) 31 38 135

Width (m) 13 9 12

Gross Tonnage (MT) 578 385 3140

Speed (knots) n/a 12 10,8

Engine power (MW) 3,8 0,7-0,8 2

Bunker interval (days)14 14-16 10-14

Diesel tank size (m3) Reduced 91.9 Reduced

Methanol tank size (m3) 10-15 See part 2 55-60

Expected methanol energy 
fraction (%)

50 40-70 45

During the FASTWATER project, three demonstrators were 
retrofitted to diesel/methanol dual-fuel operation. 
Specifications from two of them are listed here to showcase 
the possible methanol tank size needed, and compared to 
one of the fishing vessels. 
The first example is a tugboat (MethaTug) from Port of 
Antwerp-Bruges, whose size is similar to the trawlers in the 
Belgian fishing fleet. The expected methanol energy fraction 
(MEF) was 50% and the methanol tank size is somewhere 
between 10-15 m3.
The second example is a river cruiser from Meyer Werft. This 
vessel is not retrofitted in the real world but as a digital 
demonstrator. The expected MEF was slightly lower (45%) 
but since the vessel is much larger, the designed methanol 
tank size is between 55-60 m3.
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According to the case studies presented by He et al., 
retrofitting a 500 kWh battery energy storage system (BESS) 
on an offshore service vessel incurred a total cost of � 1̀.3 
�N�J�M�M�J�P�O���	�J���F�����`�����������L�8�I�
�
���J�O�T�U�B�M�M�J�O�H���B�����������.�8�I���#�&�4�4���P�O���B��
�O�F�X�C�V�J�M�E���D�S�V�J�T�F���T�I�J�Q���J�O�D�V�S�S�F�E���B���U�P�U�B�M���D�P�T�U���P�G���`�����N�J�M�M�J�P�O���	�J���F����
�`�����������L�8�I�
, with these values being 4-10 times higher than 
the value in slide 22.

Taking the training vessel MS Skulebas as an example (as its 
size is close to the beam trawlers in the Belgian fleet), its 1 
MWh BESS, with a weight of around 13 ton and a volume of 
around 13 m3 (calculated based on the technical specification), 
cannot last for one whole day of operation (despite the BESS 
manufacturer Corvus Energy claimed so).

MS Skulebas

Electrification case study

MS Skulebas
�‡ Length: 38,5 m
�‡ Width: 10,5 m
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Part 2:
Initial technical 
matchmaking



In the following, we quantify what it means for a fishing vessel to operate on an 
alternative fuel. This is an initial assessment, starting from relatively few data that is 
available in literature. The matchmaking is done by analysis of the engine load profile 
from one of the instrumented vessels that was deemed to be representative, and for 
which data of sufficient quality was available from VISTools.
�5�I�F���U�B�S�H�F�U���W�F�T�T�F�M�n�T���T�Q�F�D�J�G�J�D�B�U�J�P�O�T���B�S�F���T�I�P�X�O���P�O���T�M�J�E�F��������
With a potential retrofit in mind, the focus here is on dual fuel engine technology, where 
the base diesel engine is equipped with an additional fuel system for, for example, 
methanol. First, this technology and its limitations is clarified.

Introduction 
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Since methanol has a high auto-ignition temperature, it is a suitable fuel for spark-ignition (SI) engines, where the spark plug 
initiates combustion of the fuel�rair mixture. However, when used in compression-ignition (CI) engines, such as high-
�Q�F�S�G�P�S�N�B�O�D�F���N�B�S�J�O�F���F�O�H�J�O�F�T�
���X�I�F�S�F���J�H�O�J�U�J�P�O���P�D�D�V�S�T���U�I�S�P�V�H�I���U�I�F���G�V�F�M�n�T���B�V�U�P-ignition, a small amount of diesel is required to 
initiate combustion as methanol will otherwise not auto-ignite.

There are several approaches to using methanol and diesel in dual-fuel applications. One method involves directly injecting a 
blended mixture of methanol (as the main fuel) and diesel (as the igniter) into the cylinder. The main advantage of this 
approach is that only a single injector is required. However, since methanol is an alcohol fuel, it does not mix well with diesel. 
Even when co-solvents are used, the proportion of methanol that can be blended with diesel remains very limited. In addition, 
�E�V�F���U�P���N�F�U�I�B�O�P�M�n�T���M�P�X���M�V�C�S�J�D�J�U�Z�
���B�E�E�J�U�J�P�O�B�M���M�V�C�S�J�D�B�U�J�O�H���B�E�E�J�U�J�W�F�T���B�S�F���O�F�D�F�T�T�B�S�Z��

Therefore, the more common approach is the dual-fuel configuration, in which methanol and diesel are supplied to the engine 
separately. Various methodologies have been proposed for this application. In one approach, methanol is directly injected into 
the cylinder as the main fuel, while a small quantity of pilot diesel is injected separately to serve as the ignition source. 
However, implementing this method requires significant modifications to the existing diesel engine design. For example, it 
necessitates the installation of an additional high-pressure methanol injection system, modifications to the cylinder head to 
accommodate extra injectors, and adjustments to the engine control unit (ECU) to synchronize both injection systems 
effectively. 

Feasibility of Methanol/Diesel Dual-Fuel Engines in Fishing Vessels
Dual-fuel operation strategies
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A simpler alternative is to inject methanol into the intake manifold 
air (port fuel injection) and then directly inject pilot diesel into the 
methanol�rair mixture inside the cylinder. 

This method, known as port fuel injection (PFI), facilitates the 
retrofitting of existing diesel engines for dual-fuel operation. 
Additionally, the engine can still operate on 100% diesel fuel when 
required. The PFI method only requires the development of a low-
pressure methanol fuel system on the engine.

PFI Methanol/Diesel Dual-Fuel Engine
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Diesel

Methanol

PFI Methanol/Diesel Dual-Fuel technology
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The operating range of a methanol�rdiesel PFI engine, defined in terms of load and methanol substitution percentage (MSP), is 
limited, as reported with the experimental results by Wang et al. MSP is the mass percentage of diesel that is substituted by 
methanol.

Their study, conducted on a six-cylinder diesel engine modified for methanol�rdiesel dual-fuel operation using the PFI method, 
showed that the effective operating range was limited by four limiting factors: partial combustion, misfire, roar combustion, 
and knock. The lower boundary of the range corresponded to partial combustion, which occurred under very low load conditions 
combined with high MSP. As the load increased to medium levels, the MSP reached its peak value of about 76%, with the onset 
of misfire marking the upper boundary for normal operation. 

At medium-to-high loads, the maximum achievable MSP began to decline. When MSP exceeded this limit, combustion became 
excessively harsh and noisy, characterized by a high rate of pressure rise, this condition defined the roar combustion boundary. 
As the engine approached full load, in-cylinder pressure traces showed strong acoustic oscillations, indicating the onset of 
knock, which formed the uppermost boundary of the operating range. Overall, as engine load increased, the combustion mode 
transitioned sequentially from partial burning to misfire, to roar combustion, and finally to knocking.

Limitations in operating range of PFI Methanol/Diesel Dual-Fuel engine
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The heatmap on the right illustrates the operating profile of the engine 
of the studied fishing vessel based on data recorded throughout the year 
2024. The engine is a diesel engine with a rated power between700 and 
800 kW and nominal speed between 750 and 900 rpm.As shown in the 
figure, �U�I�F���N�B�K�P�S�J�U�Z���P�G���U�I�F���F�O�H�J�O�F�n�T���P�Q�F�S�B�U�J�P�O���P�D�D�V�S�S�F�E���X�J�U�I�J�O���B���T�Q�F�F�E��
range of approximately 650�r750 RPM and a load range of 50�r60%, 
indicated by the red and orange regions. This area represents the 
�F�O�H�J�O�F�n�T���Q�S�F�E�P�N�J�O�B�O�U���P�Q�F�S�B�U�J�O�H���S�B�O�H�F�
���X�I�F�S�F���U�I�F���W�F�T�T�F�M���T�Q�F�O�E�T���N�P�T�U���P�G��
its time during typical fishing operations.

When this operating range, obtained from the engine analysis, is 
highlighted on the operating map developed by Wang et al. (in the 
following slide), it can be observed that it falls within the region where 
the engine exhibits stable dual-fuel combustion. The next step is to 
estimate the amount of diesel that can be substituted with methanol 
�X�J�U�I�J�O���U�I�J�T���S�B�O�H�F�����#�B�T�F�E���P�O���U�I�J�T���F�T�U�J�N�B�U�J�P�O�
���U�I�F���F�O�H�J�O�F�n�T���G�V�F�M��
consumption and the required capacities of the diesel and methanol 
tanks on board can be determined, assuming the existing diesel engine is 
converted to a PFI methanol/diesel dual-fuel configuration. 

Heatmap of the operating range of the studied engine 
in 2024. The color scale corresponds to the proportion 
of total running hours spent at each operating point

Operating range analysis of engine on target vessel
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Operation range of engine of target vessel

The brake thermal efficiency map from Wang et al. 
The highlighted area in red shows the operating region of the target vessel
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The engine used in Vessel 4 is also commercially available in a PFI methanol/diesel dual-fuel configuration. Based on the data shared by 
the manufacturer, the required tank capacities for diesel and methanol were calculated �U�P���N�B�J�O�U�B�J�O���U�I�F���W�F�T�T�F�M�n�T���S�B�O�H�F���B�V�U�P�O�P�N�Z, and 
the result is presented in the table below. According to the data, a methanol energy fraction between 40% and 70% can be achieved 
�X�J�U�I�J�O���U�I�F���F�O�H�J�O�F�n�T���P�Q�F�S�B�U�J�O�H���S�B�O�H�F���%�V�F���U�P���N�F�U�I�B�O�P�M�n�T���M�P�X�F�S���F�O�F�S�H�Z���E�F�O�T�J�U�Z���D�P�N�Q�B�S�F�E���U�P���N�B�S�J�O�F���E�J�F�T�F�M�
���U�I�F���S�F�R�V�J�S�F�E���P�O�C�P�B�S�E���G�V�Fl 
storage volume increases by approximately 60%. Detailed fuel-consumption data are treated as confidential and cannot be published. 
The methodology used to calculate the tank sizes is presented in the flow chart shown on the following slide.

�"�D�D�P�S�E�J�O�H���U�P���U�I�F���M�J�U�F�S�B�U�V�S�F�
���U�I�F���$�0�¹���F�N�J�T�T�J�P�O���G�B�D�U�P�S���P�G���N�B�S�J�O�F���E�J�F�T�F�M���G�V�F�M���J�T�����
���������H���L�H���P�G���G�V�F�M�����#�B�T�F�E���P�O���U�I�J�T�
���U�I�F���B�O�O�V�B�M���$�0�¹��reduction 
�G�S�P�N���D�P�O�W�F�S�U�J�O�H���U�I�F���U�B�S�H�F�U���W�F�T�T�F�M�n�T���F�O�H�J�O�F���U�P���B���N�F�U�I�B�O�P�M���E�V�B�M-fuel system is approximately 856 tonnes (about 56%).

Estimation of diesel substitution by methanol in the studied engine
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Diesel engine tank size 
(m3)

PFI Methanol/diesel dual fuel application
(Diesel + Methanol required space (m3))

91.9 Diesel Tank (m3) Methanol Tank (m3)

40 107



Estimation of diesel substitution by methanol in the studied engines
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�������$�P�M�M�F�D�U���W�F�T�T�F�M���m�T���&�O�H�J�O�F���0�Q�F�S�B�U�J�P�O���%�B�U�B

- Engine speed (RPM)

- Engine load (%)

- Operating hours at each operation point

- Diesel mass flow rate (kg/h) at each point 
(diesel only engine)

2. Required data from dual fuel engine

- Methanol energy fraction

- Brake thermal efficiency of the engine

To calculate: 

-Diesel mass flow rate (kg/h) at each point

- Methanol mass flow rate (kg/h) at each point

3. Calculate Annual Fuel Consumption

For each operating point:

- Diesel consumed = Diesel mass flow rate × operating 
hours

- Methanol consumed = Methanol mass flow rate × 
operating hours

�„���4�V�N���B�D�S�P�T�T���B�M�M���P�Q�F�S�B�U�J�O�H���Q�P�J�O�U�T���U�P���P�C�U�B�J�O���E�J�F�T�F�M���B�O�E��
methanol consumption (kg)

4. Convert Fuel Mass to Volume

Diesel volume = Diesel mass ÷ diesel density

- Methanol volume = Methanol mass ÷ methanol 
density

5. Determine Required Total Tank Volume (Dual Fuel)

- Total volume (dual fuel) = Diesel volume + 
Methanol volume

6. Compare With Diesel-Only Case

- Diesel fuel volume calculated for diesel-only engine 
(the same way as before )

- Ratio = Total dual-fuel volume ÷ diesel-only volume

7. Determine Reduction of Diesel Tank Volume

- Diesel reduction = Diesel-�P�O�M�Z���W�P�M�V�N�F���Þ���E�J�F�T�F�M��
volume (dual fuel operation)

8. Final Output

- Required new tank volume for dual-fuel 
operation

- Required methanol tank volume

- Reduced diesel tank volume



Comparison of space needed for hydrogen and battery-electric systems 
compared to diesel/methanol dual-fuel operation

To estimate the required tank volume for a hydrogen�rdiesel dual-fuel 
application, the same calculation method as methanol/diesel was applied. The 
required storage volume for liquid hydrogen and diesel for dual fuel 
applicationis approximately 450 m³. However, when using compressed 
gaseous hydrogen (at 200 bar), the very low density significantly increases 
the required storage volume to 2000 m³ . In practice, the actual space 
requirement would be even greater, as both cryogenic tanks for liquid 
hydrogen and high-pressure cylinders for gaseous hydrogen are significantly 
bulkier than conventional fuel tanks.

For the battery-electric alternative, installation volume estimates were based 
on data from the MS Skulebas. In terms of storage volume, methanol requires 
less space than hydrogen. More importantly, however, methanol is liquid at 
ambient conditions, whereas hydrogen must be stored at �r253 °C to remain 
in liquid form.

It is important to note that this comparison assumes the same bunkering 
�J�O�U�F�S�W�B�M�T���B�T���U�I�F���W�F�T�T�F�M�n�T���D�V�S�S�F�O�U���P�Q�F�S�B�U�J�O�H���Q�S�P�G�J�M�F�����*�G���U�I�F���B�W�B�J�M�B�C�M�F���T�U�P�S�B�H�F��
space is to remain unchanged when converting to a dual-fuel system, more 
frequent bunkering would be required to maintain the same operational time. 
This is calculated in the next slide.

39

Comparison of the required space for each application 



Comparison of autonomy using hydrogen and battery-electric systems 
compared to diesel/methanol dual-fuel operation for retrofits
A rough estimation was made to determine how many days the vessel could 
operate with the current tank size if the vessel were converted to the new 
application. To calculate how long the vessel can operate using the stored fuel 
or energy, the average fuel consumption within the operating range of the 
�W�F�T�T�F�M�n�T���F�O�H�J�O�F���J�T���V�T�F�E�����"���U�I�F�S�N�B�M���F�G�G�J�D�J�F�O�D�Z���P�G�����������J�T���B�T�T�V�N�F�E���G�P�S���U�I�F���E�V�B�M-fuel 
engine, and an efficiency of 90% is assumed for the electric drive. The amount of 
methanol and hydrogen that can be stored in 91.9 m³ is then calculated, and 
based on the average fuel consumption, the number of hours the fuel can power 
�U�I�F���W�F�T�T�F�M�n�T���F�O�H�J�O�F���J�T���F�T�U�J�N�B�U�F�E�����'�P�S���U�I�F���C�B�U�U�F�S�Z-electric system, calculations 
assume 1 MWh energy storage to require 13 m³ of volume (as in MS Skulebas). As 
shown in the figure, when the onboard storage space is kept constant, the 
methanol/diesel option provides the best performance among the alternative-
fuel solutions, outperforming both the hydrogen/diesel and battery-electric 
systems. According to the recorded data, one fishing trip for the vessel lasts 
about 8.5 days (shown by dashed red line). When this duration is used as a 
reference, the only application that can operate for the full trip without the need 
for refueling is the methanol/diesel dual-fuel system.
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Comparison of the number of operating days for each 
application without refueling/recharging.



Conclusions & 
recommendations



�‡ We need to stop using fossil fuels, to stop climate change
�‡ Seagoingfisheryvesselsneedfuels: theenergy densityof batteriesis insufficient
�‡ Climate-neutral fuels can be produced in different ways:

�‡ Biofuels are produced from biomass, can be similar in use as diesel, and are already produced in 
fairly large quantities, albeit at higher costs than fossil fuels. 
They are the best option for greenhouse gas reductions in the short-term. 

�‡ E-fuels are produced via green electricity. The simplest e-fuel is hydrogen. E-fuels are more scalable 
than biofuels, but are currently only produced in small quantities and at high cost. In the long term, 
they will become cheaper than biofuels �r but they also require adaptations to the engine, storage 
tanks and safety systems.

�‡ Bio-�F���ohybrids�p���D�P�N�C�J�O�F���D�B�S�C�P�O���G�S�P�N���C�J�P�N�B�T�T���X�J�U�I���H�S�F�F�O���I�Z�E�S�P�H�F�O�
���G�P�S���J�O�D�S�F�B�T�F�E���Z�J�F�M�E�T���B�U��
moderate cost.

Which energy carrier?

Conclusions and recommendations
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�‡ �)�Z�E�S�P�H�F�O�n�Tgreatestchallengeis itsverypoorenergy density
�‡ Direct usecomeswithgreatlosses

�‡ For manyapplications, we needhydrogenvectorsinstead
�‡ Canincludecarbon: increasedenergy densityandeaseof useoutscoresincreasedenergy 

expenditureforfuelproduction
�‡ EU legislation starts to allow for this: FuelEU Maritime legislation regards fuels on a well-to-wake basis

�‡ Keep thingssimple
�‡ Simple molecules �Æ no e-diesel (too costly, long-term)
�‡ Simple storage �Æ preferably liquid fuels (cheaper, and more easily integrated on board)
�‡ Methanol much more viable as fuel than ammonia

�‡ Ammonia only an option for (very) large vessels �Æ discard for fishery vessels

Whichscalablefuels(long-term)?

Conclusions and recommendations
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�‡ The engine load profile for the analysed fishing vessel is a much better match with 
the dual-�G�V�F�M���P�Q�F�S�B�U�J�O�H���N�B�Q���U�I�B�O�
���G�P�S���F�Y�B�N�Q�M�F�
���B���U�V�H�C�P�B�U�n�T���Q�S�P�G�J�M�F

�‡ This maximizes the amount of diesel that can be substituted by methanol

�‡ A switch to a simple e-�G�V�F�M�
���I�P�X�F�W�F�S�
���D�P�N�Q�S�P�N�J�T�F�T���U�I�F���W�F�T�T�F�M�n�T���B�V�U�P�O�P�N�Z
�‡ Either a decreased autonomy needs to be organized for, or larger ships are needed

�‡ This study was limited to an initial technical matchmaking and should be further 
detailed in a next step. On top of this, judging the economic feasibility of a retrofit is 
needed.

�‡ For example, a vessel can switch to green diesel (no CAPEX, high OPEX) or be retrofitted to dual 
fuel operation with green methanol (high CAPEX, lower OPEX). A cost comparison should be 
done over the total lifecycle of the vessel

Which engine technology? Newbuild or retrofit?

Conclusions and recommendations
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BTE: brake thermal efficiency
CAPEX: capital expenditure
CI: compression ignition
FAME: Fatty Acid Methyl Ester (biodiesel)
GHG: greenhouse gas
GWP: global warming potential
HVO: hydrogenated vegetable oil
LBM: liquid biomethane
LNG: liquefied natural gas

LSFO: low sulphur fuel oil
MEF: methanol energy fraction
OPEX: operational expenditure
OPS: onshore power supply
PFI: port fuel injection
RED: renewable energy directive 
RPM: revolution per minute
SI: spark ignition

List of acronyms
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1 CONTEXT  

Op EU-niveau lopen nog onderhandelingen over de meerjarenbegroting en de vorm van het fonds voor visserij 
en aquacultuur (volgend op EFMZVA). Onduidelijk is als het fonds in huidige vorm behouden blijft of in een 
groter geheel ondergebracht zal worden. Daarnaast lopen nog verschillende studies binnen de GMO 
(Gemeenschappelijke MarktOrdening, Eng: CMO) van het GVB (Gemeenschappelijk VisserijBeleid, Eng: CFP). 
Deze studies lopen vertraging op, waardoor de resultaten nog niet bekend zijn. De focus van de studies zijn 
consumenteninformatie en producentenorganisaties.  

Met deze inventarisatie van de huidige wetgeving brengen we in kaart wat tot op heden mogelijk is. In het kader 
van het vissersvaartuig van de toekomst werd deze inventaris van de wetgeving opgemaakt, met een focus op 
de wetgevende beperkingen.   

De wetgeving waar in deze nota op gefocust wordt, is steun onder EFMZVA/FIVA, beheer van de 
Vangstcapaciteit (BVR Visvergunningen) en vlootcapaciteit (Verordening (EU) 1380/2013).  

1.1 STEUN: EFMZVA/FIVA 

Er is geen steun mogelijk voor de constructie van nieuwe vaartuigen onder Europese regelgeving. Er is wel steun 
toegelaten voor de eerste aankoop van een vissersvaartuig. Voor jonge vissers is aankoopsteun mogelijk voor 
een eerste vissersvaartuig. Hierbij gelden specifieke regels en streeft het een specifieke doelstelling na (artikel 
14, lid 1, punt a) ).  

--> Verordening (EU) 2021/1139 (EFMZVA)  

Artikel 13 Niet-subsidiabele concrete acties of uitgaven  

De volgende concrete acties of uitgaven komen niet in aanmerking voor steun uit het EFMZVA:  
�€�Y�•�� 
c) de bouw, de aankoop of de invoer van vissersvaartuigen, tenzij anders bepaald bij artikel 17 
�€�Y�• 



 // ///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////// /// /////////////////////////////  

 

pagina 2 van 6 Vissersvaartuig van de toekomst �t Status wetgeving 20.05.2025 

Artikel 17 Eerste aankoop van een vissersvaartuig 

Voor vervanging of modernisering van een hoofd- of hulpmotor, en verbetering van 
veiligheid/arbeidsomstandigheden of energie-efficiëntie is ook EFMZVA/FIVA-steun mogelijk. Belangrijk is dat 
deze bedoeld zijn voor bestaande vaartuigen: 

Artikel 18 Vervanging of modernisering van een hoofd- of hulpmotor 

Artikel 19 Verhoging van de brutotonnage van een vissersvaartuig ter verbetering van de 
veiligheid, de arbeidsomstandigheden of de energie-efficiëntie 

Aan de EFMZVA-verordening is Vlaamse wetgeving gekoppeld voor het FIVA-financieringsinstrument.  

--> Besluit van de Vlaamse Regering tot vaststelling van de werking en het beheer van het 
Financieringsinstrument voor de Vlaamse visserij- en aquacultuursector (FIVA) en de verrichtingen die voor steun 
vanuit FIVA en EFMZVA in aanmerking komen 

1.2 BEHEER VANGSTCAPACITEIT: BVR VISVERGUNNINGEN  

--> Besluit van de Vlaamse Regering tot de instelling van een visvergunning en houdende tijdelijke maatregelen 
voor de uitvoering van de communautaire regeling inzake de instandhouding en de duurzame exploitatie van de 
visbestanden van 16/12/2005  

In BVR Visvergunningen is er de opsplitsing tussen KVS en GVS op basis van het vermogen van de hoofdmotor. 
Binnen het KVS het je de afsplitsing met Kustvisserij. Voor kustvisserij moet men een aparte aanvraag voor 
indienen.  

Artikel 1  

� 4̂° motorvermogen: het vermogen dat is vermeld in de « Officiële lijst der Belgische 
vissersvaartuigen », zoals bijgehouden door het departement Maritiem Vervoer van de Federale 
Overheidsdienst Mobiliteit en Vervoer;   
5° bijkomend motorvermogen: het vermogen dat ingevolge samenvoeging van motorvermogens 
niet benut kan worden en dat bijgeschreven wordt op de visvergunning;�_ 

8° kustvisserssegment: alle vissersvaartuigen die volgens de « Officiële lijst der Belgische 
vissersvaartuigen », zoals bijgehouden door het departement Maritiem Vervoer van de Federale 
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Overheidsdienst Mobiliteit en Vervoer, een motorvermogen hebben van 221 kW of minder, 
eventueel met inbegrip van het bijkomende motorvermogen, een tonnenmaat van hoogstens 70 
GT, en die zeereizen ondernemen van een door de minister te bepalen maximale duur waarvan het 
begin en einde in een Belgische haven is en waarvoor de bevoegde entiteit gunstig heeft beslist 
over de aanvraag, vermeld in artikel 8, § 4, eerste lid;  

� 1̂5° vangstrechtfactor : de factor die toegepast wordt bij de toewijzing van vangstmogelijkheden 
op basis van het motorvermogen, en die meer in het bijzonder van toepassing is op het variabele 
gedeelte van toegekende vangstmogelijkheden per eenheid motorvermogen, eventueel verhoogd 
met het bijkomend motorvermogen;   
16° vangstrechtcertificaat : document dat de vangstrechtfactor die verschilt van één, voor een 
bepaald vissersvaartuig vaststelt door te verwijzen naar het unieke nummer van het vissersvaartuig 
volgens het communautaire gegevensbestand over de vissersvloot�_ 

In het Besluit van de Vlaamse Regering staan meerdere definities met betrekking tot het motorvermogen die 
niet voorkomen in Europese regelgeving. Naast het fysieke motorvermogen, is er het bijkomend 
�u�}�š�}�Œ�À���Œ�u�}�P���v���~�A���‰���‰�]���Œ���v���l�t�[�•�• en de vangstrechtfactor. Zo is er een specifieke Vlaamse situatie ontstaan, 
waar Europese regelgeving in de definitie van artikel 5 in Verordening (EU) 2017/1130 enkel het fysiek 
motorvermogen heeft opgenomen. Aangezien Vlaanderen meerdere begrippen hanteert, is er naar 
rapportering toe wat kunst- en vliegwerk. Het fysiek motorvermogen en bijkomend motorvermogen wordt 
gerapporteerd als het vermogen van het vaartuig.  

Artikel 8.  

§ 1. De eigenaar van een vissersvaartuig waarvoor een visvergunning is uitgereikt en die dat 
vissersvaartuig aan de vloot onttrekt, kan een aanvraag richten tot de bevoegde entiteit om het 
motorvermogen, vermeld op de visvergunning, geheel of gedeeltelijk samen te voegen met het 
motorvermogen van een of meer bestaande vissersvaartuigen waarvoor een visvergunning werd 
uitgereikt. Ingevolge samenvoeging van motorvermogens kan het bestaande vissersvaartuig 
waarop wordt samengevoegd niet veranderen van segment.   
Als het gehele of een gedeelte van het motorvermogen vermeld op de visvergunning, niet benut 
kan worden om technische redenen of zonder belangrijke investeringen aan de motor of aan het 
vissersvaartuig, kan de eigenaar, vermeld in het eerste lid, een aanvraag richten tot de bevoegde 
entiteit om dat motorvermogen als bijkomend motorvermogen te behouden.  
De aanvraag, vermeld in het eerste en tweede lid, moet per aangetekende brief gericht worden aan 
de bevoegde entiteit op een formulier dat ter beschikking is bij  de bevoegde entiteit en moet 
ondertekend zijn door alle partijen die betrokken zijn bij de samenvoeging.   
De bevoegde entiteit beslist over de aanvraag binnen een periode van dertig dagen, te rekenen 
vanaf de datum van ontvangst van een volledig juist ingevuld formulier. De verhoging van het 
motorvermogen moet uitgevoerd worden binnen zestig dagen vanaf de mededeling van de 
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beslissing van de bevoegde entiteit. Zo niet komt het samen te voegen motorvermogen ter 
beschikking van de bevoegde entiteit. 

§ 2. Het motorvermogen, vermeerderd met het samengevoegde motorvermogen en met het 
bijkomende motorvermogen, mag niet hoger zijn dan 1200 kW voor vissersvaartuigen van het grote 
vlootsegment. Het gedeelte boven de 1200 kW komt ter beschikking van de bevoegde entiteit.  
Het motorvermogen, vermeerderd met het samengevoegde motorvermogen en met het 
bijkomende motorvermogen, mag niet hoger zijn dan 221 kW voor vissersvaartuigen van het kleine 
vlootsegment en het kustvisserssegment. Het gedeelte boven de 221 kW komt ter beschikking van 
de bevoegde entiteit. 

§ 3. Het gedeelte van het motorvermogen van een vissersvaartuig waarvan de visvergunning 
vervalt, komt ter beschikking van de bevoegde entiteit en vervalt voor de betrokken eigenaar, als 
dat gedeelte :   
1° door de bevoegde entiteit niet samengevoegd kan worden met het motorvermogen van een 
bestaand vissersvaartuig;   
2° door de bevoegde entiteit niet toegekend kan worden als bijkomend motorvermogen   
3° niet ingeleverd kan worden om de vangstrechtfactor aan te passen.  

§ 4. Als de eigenaar van een vissersvaartuig zijn vissersvaartuig wil laten opnemen in het 
kustvisserssegment, dient hij daarvoor per aangetekende brief een aanvraag in bij de bevoegde 
entiteit op een formulier dat ter beschikking is bij de bevoegde entiteit. De bevoegde entiteit beslist 
over de aanvraag binnen een periode van dertig dagen, te rekenen vanaf de datum van ontvangst 
van een volledig juist ingevuld formulier.  
Het motorvermogen en eventueel het bijkomende motorvermogen van een vissersvaartuig dat is 
opgenomen in het kustvisserssegment kan vanaf de beslissing van de bevoegde entiteit voor een 
periode van vijf jaar niet worden samengevoegd met het motorvermogen van een ander 
vissersvaartuig. 

§ 5. Met behoud van de toepassing van § 2 tot en met § 4 voegt de bevoegde entiteit, na voorlegging 
van de nieuwe internationale meetbrief, het motorvermogen samen met het bestaande 
motorvermogen op de visvergunning van de betrokken eigenaar, en kent het bijkomende 
motorvermogen, dat om de redenen, vermeld in § 1, tweede lid niet kan worden benut toe aan de 
betrokken eigenaar, en schrijft dat bijkomende motorvermogen in op de visvergunning naast het 
motorvermogen als "+ aantal kW bijkomend motorvermogen". 
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Artikel 9. 

Als een nieuwe motor wordt geplaatst in een vissersvaartuig, waarvoor een visvergunning werd 
uitgereikt of als het motorvermogen van een bestaande motor wordt gewijzigd, mag het 
motorvermogen van de nieuwe motor of het gewijzigde motorvermogen dat van de door de 
bevoegde entiteit uitgereikte visvergunning, eventueel met inbegrip van het bijkomende 
motorvermogen, niet overschrijden.  

Als een verlaging van het motorvermogen wordt opgelegd door de dienst Scheepvaartcontrole, 
Maritiem Vervoer van de Federale Overheidsdienst Mobiliteit en Vervoer, wordt de opgelegde 
verlaging, uitgedrukt in kW, vermeld als bijkomende motorvermogen op de visvergunning.  

Als op verzoek van de eigenaar een verlaging van het motorvermogen tot maximaal 20 % wordt 
geattesteerd door de dienst Scheepvaartcontrole, Maritiem Vervoer van de Federale 
Overheidsdienst Mobiliteit en Vervoer, wordt de geattesteerde verlaging, uitgedrukt in kW, voor 
maximaal 80 % vermeld als bijkomend motorvermogen. Het overblijvende motorvermogen van 
minstens 10 kW komt ter beschikking van de bevoegde entiteit. 

De eigenaar levert zijn visvergunning in en krijgt van de bevoegde entiteit een aangepaste 
visvergunning op voorwaarde dat voldaan is aan het eerste, het tweede en het derde lid. 

Artikel 9 heeft betrekking op een nieuwe motor (wijziging van motorvermogen). De brutotonnenmaat (GT) kan 
wel gebruikt worden voor verbeteringen aan veiligheid of leefomstandigheden aan boord. Dit is van toepassing 
bij de aanpassing van bestaande vaartuigen en niet bij vaartuigen in aanbouw. Hierbij dient rekening gehouden 
worden met Artikel 2, dat de totale capaciteit van de visvergunningen limiteert.  

Artikel 2. 

� D̂e totale capaciteit van de visvergunningen, uitgedrukt in kW en GT, die uitgereikt worden door 
de bevoegde entiteit, mag niet hoger zijn dan de maximumcapaciteit overeenkomstig artikel 12 en 
13 van Verordening (EG) nr. 2371/2002 en van Verordening (EG) nr. 1438/2003.�_�� 

Verordening (EG) nr. 2371/2002 is inmiddels opgeheven en vervangen door Verordening (EU) 1380/2013. In 
Deel IV Beheer van de vangstcapaciteit staan de wetteksten met betrekking tot de vangstcapaciteit. Het centrale 
principe hierin is exit-entry. Nieuwe capaciteit kan maar toegevoegd worden als er eerst oude capaciteit is 
onttrokken.  
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1.3 VLOOTCAPACITEIT: VERORDENING (EU) 1380/2013  

--> Verordening (EU) 1380/2013 

Artikel 23 

1. De lidstaten beheren toevoegingen en onttrekkingen aan hun vloten zodat de toevoeging van 
nieuwe capaciteit aan de vloot zonder overheidssteun wordt gecompenseerd door de 
voorafgaande onttrekking van capaciteit zonder overheidssteun van ten minste dezelfde omvang.  

2. De Commissie kan uitvoeringshandelingen vaststellen tot vaststelling van de uitvoeringsregels 
voor de toepassing van dit artikel. Die uitvoeringshandelingen worden volgens de 
onderzoeksprocedure bedoeld in artikel 47, lid 2, vastgesteld.  

3. Uiterlijk 30 december 2018 wordt de regeling voor toevoeging en onttrekking aan de vloot door 
de Commissie beoordeeld in het licht van de zich wijzigende verhoudingen tussen de vlootcapaciteit 
en de verwachte vangstmogelijkheden; de Commissie stelt in voorkomend geval een wijziging van 
die regeling voor. 

Verordening (EG) nr. 1224/2009, art. 38 stelt dat de visvergunningen de maximumcapaciteit van een lidstaat 
niet mogen overschrijden. Met 10 vaartuigen van 300 kW zou er inderdaad dus 3.000 kW vrijkomen, maar deze 
kunnen niet gebruikt worden voor één monstervaartuig van 3.000 kW. Hiervoor zijn er maxima opgenomen in 
ons BVR Visvergunningen, art. 1, punt 6, 7 en 8. Voor het KVS is dat 221 kW, GVS is gelimiteerd tot 1.200 kW.  

 

1.4 TECHNISCHE BEPALINGEN: FOD MOBILITEIT  

Verdere technische bepalingen voor vissersvaartuigen zijn federale materie en zit bij FOD Mobiliteit. Centraal 
hierin is het Belgisch Scheepvaartwetboek. Hierbij is zijn er verwijzingen naar Europese regelgeving en 
internationale afspraken (zoals SFV-Verdrag). Op de website van FOD Mobiliteit staat ook een overzicht met de 
verschillende schouwingen en benodigde certificaten.  

 

https://www.ejustice.just.fgov.be/mopdf/2019/08/01_1.pdf#page=6
https://mobilit.belgium.be/nl/scheepvaart/zeevisserij/schip-onder-belgische-vlag/schouwingen-inspecties-en-certificaten












 

o Femke zal rapporten van FOD Mobiliteit doorsturen naar Bart en Alex. 
o Financieel is er momenteel nog geen motivatie om op biobrandstoffen te varen.  
o Diesel heeft volume-gewijs 100 keer de energie-inhoud van een batterij en 
massa-gewijs 150 keer meer.  

 
 

  



https://ilvo.sharepoint.com/:p:/s/Vissersvaartuigvandetoekomst/IQCpVJ-7vsFYSLbBX8eDL8XgARJV0pmUUF2GcJhXlx-OP6w?e=sTu1I9





	Slide 1
	Slide 2: Summary
	Slide 3: Table of contents

