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Low—Carbon trawl design with analysis of a gear drags and
calculation of construction costs using numerical methods

Jihoon LEE and Chun-Woo LEE'*

Institute of Low-Carbon Marine Production Technology, Pukyong National University,
Busan 608-737, Korea
'Division of Marine Production System Management, Pukyong National University, Busan 608-737, Korea

Fuel consumption in fisheries is a primary concern due to environmental effects and costs to fishermen.
Much research has been carried out to reduce the fuel consumption related to fishing operations. The fuel
consumption of fishing gear during fishing operation is generally related to hydrodynamic resistance on the
gear. This research demonstrates a new approach using numerical methods to reduce fuel consumption. By
designing the fishing gear using drawing software, the whole and partial resistance force on the gear can be
calculated as a result of simulations. The simulation results will suggest suitable materials or gear structure
for reducing the hydrodynamic forces on the gear while maintaining the performance of the gear. This

research will helpful to reduce the CO, emissions from fishing operations and lead to reduce fishing costs
due to fuel savings.

Keywords: Low-carbon fishing gear, Numerical methods, CO, emission, Hydrodynamic resistance, Fuel

consumption
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Fig. 2. Forces acting on the rope element (Fg, representing
the forces of buoyancy and gravity; Fy, lift force; Fy, drag
force; r, position vector between neighboring mass points;
U, speed vector; o, angle of attack).
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Fig. 4. Schematic drawing of a prototype trawl gear.
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Table 1. The specification of prototype trawl gear

Mesh Hanging LMN ' Dia. .

No size ratio V.M.N*  T.M.N** - Material (mm) Type Section

(mm) %)

1 18000 97.4 0.5 2 2 Nylon 10 Knotted I
2 18000 94.4 0.5 4.5 4.5 Nylon 10 Knotted I
3 18000 90 0.5 8 8 Nylon 10 Knotted I
4 9000 100 1 8 8 Nylon 10 Rope I
5 18000 90 0.5 8 8 Nylon 10 Knotted I
6 9000 100 1 9 9 Nylon 10 Rope 1
7 18000 90 0.5 8 8 Nylon 10 Knotted I
8 12000 90 0.5 8 8 Nylon 10 Knotted m
9 8000 90 0.5 8 8 Nylon 8 Knotted m
10 6400 90 1 8 8 Nylon 8 Knotted g
11 5000 90 1 8 8 Nylon 7 Knotted il
12 4000 90 1.5 8 8 Nylon 7 Knotted m
13 3200 90 1.5 8 8 Nylon 6.2 Knotted m
14 1600 90 3 16 16 Nylon 5 Knotted Jil§
15 800 90 8 32 26 PE 3.82 Knotted v
16 400 90 15 51 41 PE 331 Knotted v
17 200 90 30 81 65 PE 331 Knotted v
18 150 90 40 86 66 PE 3.03 Knotted v
19 120 90 50 86 66 PE 3.03 Knotted v
20 120 90 50 66 52 PE 3.82 Knotted v
21 90 95.2 70 56 56 PE 6.04 Knotted v
22 90 96.8 138 56 56 PE 6.04 Knotted v
23 18000 97.4 0.5 2 2 Nylon 10 Knotted I
24 18000 94.4 0.5 4.5 4.5 Nylon 10 Knotted 1
25 18000 90 0.5 7 7 Nylon 10 Knotted I
26 9000 100 1 7 7 Nylon 10 Rope I
27 18000 90 0.5 7 7 Nylon 10 Knotted I
28 9000 100 1 8 8 Nylon 10 Rope I
29 18000 90 0.5 7 7 Nylon 10 Knotted I
30 12000 90 0.5 7 7 Nylon 10 Knotted I
31 8000 90 0.5 7 7 Nylon 8 Knotted I
32 6400 90 1 7 7 Nylon 8 Knotted il
33 5000 90 1 7 7 Nylon 7 Knotted Jill
34 4000 90 1.5 7 7 Nylon 7 Knotted I
35 3200 90 1.5 7 7 Nylon 6.2 Knotted I
36 1600 90 14 14 Nylon 5 Knotted il
37 800 90 28 22 PE 3.82 Knotted v
38 400 90 15 43 33 PE 331 Knotted v
39 200 90 30 65 49 PE 3.31 Knotted v
40 150 90 40 66 46 PE 3.03 Knotted v
41 120 90 50 60 40 PE 3.03 Knotted v
42 120 90 50 40 26 PE 3.82 Knotted v
43 90 95.2 70 30 30 PE 6.04 Knotted v
44 90 96.8 138 30 4 PE 6.04 Knotted v

*V.M.N: Vertical mesh number, **T.M.N: Top edge mesh number,
*#*L.M.N: Lower edge mesh number, ****Dia: Diameter (mm)
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Table 2. The specification of head rope and ground rope

Length D

Buoyancy  Sinking force Quantity

No Kind () (mm) (ke) (ko) (EA) Total(kg)
1 hole type & SBR 8.8 22 2.8 - 54 1515
5 hole type & SBR 12.8 22 2.8 - 56 568
3 hole type & SBR 13.5 2 2.8 - 56 156
4 hole type & SBR 12.8 22 2.8 - 56 1568
5 hole type & SBR 8.8 22 2.8 - 54 1519
1 chain & SBR 8.8 22 - - 3 .
2 chain & SBRNo 12.8 2 - 1.7 4 os
3 chain & SBR 13.5 22 — 1.7 4 o
4 chain & SBR 12.8 22 - 1.7 4 o
5 chain & SBR 8.8 2 - 1.7 3 ol
6 NDBR 8.8 32 - 1.7 - ’

7 NDBR 12.8 32 - - - B
8 NDBR 6.75 32 - - - B
9 NDBR 12.8 32 - - - B
10 NDBR 8.8 32 - - - B

(Float: Total buoyancy 667kg, Sinker at ground rope: Total sinking force 22.2kg, Front weight: Total sinking force 1300kg)

Table 3. The specification of otter board

No Type Size (m) Area (m°) Weight (kg) Cp Cp
1 VRS-192 1.92 x3.36 1500 0.8 1.6
Table 4. Specification of hand rope 138 2 283517, =3k o] AAS 1 HAR
No  Type L‘(’&g)th (mDm) Weight (kg) T3 sko] d-&ole} Blaste] A gato] 9 of
Ao gloksly] 95
T - T A& stefs}] $15te] %1, M Aol
2 Wire rope 95 24 A, datw A, Wi @ & zho], of it 3 A 9
3 Wierope 95 2 wsho] T2 o} 7 Aot §7 4 waro] 2ol
4 Wire rope 35 24 — 21
5  Wire rope 35 24 & skl
6 Wicrpe 25 2 B A4 AR oM WS Bato] o]
7o Wierope 2 2 A wste] uhe A Wy e Ak
8 Wire rope 25 22 ~ . . }
9 Wire rope 25 2 ., ofgf o Al Faho] A7) WAy W] of
10 Frontweight . 630 o gt WetS Aol fRan Wl
Fe ooz At vhelY ARsmge
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Fig. 5. Simulation results of the trawl gear with changing
the thickness and the material with UHMWPE for the
section 4.

Table 5. The resistance force on each section of the prototype gear (Towing speed: 4 knots)

Type Section* 1 2 3 4
Type Total projected area of the netting (m?) 5.16 23.58 19.66 92.92
Resistance force (kgf) 372.92 1992.61 436.91 5474.54
Total projected area of the netting (m?)** 5.16 23.58 19.66 30.92
Section 4 with Resistance force (kgf)** 557.21 1992.61 1096.6 1363.41
UHMWPE Total projected area of the netting (m?)*** 5.16 23.58 19.66 62
Resistance force (kgf)*** 628.28 1640.99 747.84 2548.28
Total projected area of the netting (m*)** 1.72 7.84 6.56 30.92
All panel with Resistance force (kgf)** 637.19 2046.59 652.92 1303.19
UHMWPE Total projected area of the netting (m?)*** 3.44 15.72 13.12 62
Resistance force (kgf)*** 586.05 1789.78 1286.46 2544.18

*These sections are shown diagrammatically on Fig. 4 (a).

**One third of prototype thickness, ***Two third of prototype thickness

Table 6. The variation of tension and other factors with changing the thickness of the section 4

Twine thickness Height (m) Distance between Area of net mouth Tension
otter boards (m) (m?) (kgf)

Prototype 28.88 104.51 666.86 7735.51

2/3 times 42.38 128.20 1832.07 5565.39

1/3 times 53.09 137.54 2531.81 5009.83
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Table 7. The variation of tension and other factors with changing the thickness of the whole gear

Twine thickness Height (m) Distance between Area of net mouth Tension
otter boards (m) (m?) (kg)
Prototype 28.88 104.51 666.86 7735.51
2/3 times 36.07 119.48 1448.30 6206.47
1/3 times 63.71 143.13 3069.71 4639.89
Side view Top view 40000 [] Changing all sections
Prototype 35000 [0 Changing sectio 4
30000
= = 225000
£20000
S 15000
2/3 times 10000
- 5000 ’_’_‘
S -
Present 2/3 1/3

1/3 times

Fig. 6. Simulation results of the trawl gear with changing
the thickness and the material with UHMWPE for all
sections.

el AR #7719 2/38) A 1/3u) o) 17
o] AA o) A3l A|EYo|A3 Z
ection 40| A &3 Axlo} S A}ELA AA| A
20—40%74 = 7+ 23+ T} (Table 7). o] w] ]
FHAFS Fig. 60f Ve 9 2.1, Section 45
739-ef L Folo v gl FAd
afdst7] f1e At JP =L Uk
7Le] AT HALE oo Aoz H of
T A|2he] -9 F7FE Al4bste] Fig. 79 LERY
Atk dg o] AZHE 12 BS ) 17
AHE AREBHE B9 dE ol AR 23 &
7] 2 Section 4 = A A o] o) L3I S A
- HE2 6118 J= F71etH, 1/3577]9 1
ZEAE AEstgE A4S 2270 A St
ok A HALE AR A9 7IE ARE A
St Aol et A ol e {7 28

>

H
mlm o

ohl—Ll_m

rLllo R 2 o & JSE&
2

Cases

Fig. 7. Variation of construction cost with changing the
thickness and the material with UHMWPE.

Fuel consumption rate (%)
i
o

Section4| Al | Section4l A1l

Present 2/3 times 1/3 times
Cases

Fig. 8. Fuel reduction ratio with changing the thickness
of ropes compared to present type of the gear

é
X
=
o oN
) _Td
>
H:‘ -
c gy
K
N
N
nd]
>~
>
et
)
oo
ol

o
NN
B
el
N
4>
%0,
2
ot
ol
T g
2
o

to
% rlo

-321-



o] &

CO,, NOy, SO&F 22 a7t u&
of 217 2l o] & A A A
©° F2 AR =} T3
AL o A O Bk

3 Aol A8 4

finj

e

N oft @
_?L

H=

[N

©

i&

it 1o o
o >ﬁ r_

o

B Ao et

=
N
B

oft
[o

X
lo
>~ HUAr

=

30 Z ooy
2
-+
:lE

lr mlo m-l)lt

Of
s

N
=
2
1o

fr fo 2 rlr oyt

o
— &
e

™ oo of
2 4
-
=2 oo

we ol @

)

[P < R S L

2 B> g

¢ % op &
> o ol

)

>

AN
o
u
pl=)
4
2 1
o

N
el
r o

_(|)_11‘

Sl
)

of
ﬂ-lf,.{.: i) l'N
©
fu 4 = I

4 Norr o
oy
B o
N

i)
o W

9 =
Jo
o

(¢}

ot
N o lo
N)

ot |

X
LI

%0 et H

=
e
B
=2
o
ofo
|o
u

o
2l
>

kS

o\

2o
u}
X,

2

of
%11

o

AN

T o

o

2t

>

o
N

N

~
—_

996, 0)=> Codend
AshA we

E= A3

)

B[t

o 3,
offf & M

ol rlr
of

—_
N

é
>
M oE

stg.ov,

> U
X
i)
oL o_>l: i
lo
4t Ho pz B
Yy
215

N
N
2~
re
-

N
N

g

4
2 rlo

¥y rlr e e

o

2_]5
oy M
o = 4
£
o
e
-
o
o
e
o

g ot

2

ol
ot

ox
o
rﬂfmx

ol
-

ection 401] A 7

oﬁ
ol
o
_9.
r oo
]
o
B
ot
filo
2
>
g
g

zg_ 01—‘,L0ﬂ/\«] H]‘Aﬂo]—% 1‘Lcﬁu] 28—-35%
SFAIL, o7t A o 1
0—40% 743ttt E?ﬂ aL7hel A gE A
ool A&t A& W of - A 2] F7h= 2/3
—;7] o] 17} ALE Section 49} A A o] Lo A&

g Ao & go| L A Zu| e} v waho] 6—11HH—4
H]g-o] Z71510, 1/3 #7192 A9 2-2.74] 9
H]-g-o] S7skeh olof WE fiF AR X
i 40%5 ZaA1 72 2l 3 4= 9l gl

5 o

mr o =Y o 2 10 2 & X o= 2
[y}

o
o

M Ar
| =52 20099 %
qEoz HRATAY AL Wof £

A9 [KRF—2009—351—F00017].

(]

il

]

MO
Ol

Aanondsen, S.A., 1997. Life cycle assessments of
environmental performance used as a tool in ship
design (In Norwegian: Livsl¢psanalyser for
beregning av milj@pavirkning brukt som verktgy ved
prosjektering av skip). Department of Marine
Technology, Norwegian University of Science and
Technology, Trondheim, Norway. pp. 56.

Ellingsen, H. and S.A. Aanondsen, 2006. Environmental
impacts of wild caught cod and farmed salmon-a
comparison with chicken. Int J Life Cycle Assess,
11 (1), 60— 65.

Fredheim, A. and O.M. Faltinsen, 2003. Hydroelastic
analysis of a fishing net in steady inflow conditions.
Hydroelastic in Marine Technology, Oxford, UK, 1
—10.

Gere, J.M. and B.J. Goodno, 2009. Mechanics of
materials. 7"ed. Cengage Learning. Toronto,
Canada. 68 —71.

Lee, C.W., C.S. Jang, M.S. Kim, H.O. Shin and 1.J. Kim,
1998. Measurements of midwater trawl system and
dynamic characteristics. Bull. Kor. Soc. Fish. Tech.,
34 (3), 294 —301.

Lee, C.W., J.H. Lee, B.J. Cha, H.Y. Kim and J.H. Lee,
2005. Physical modeling for underwater flexible
systems dynamic simulation. Ocean Engineering,
32,331 —347.

Lee, C.W., Y.B. Kim, G.H. Lee, M.Y. Choe, M.K. Lee
and K.Y. Koo, 2008. Dynamic simulation of a fish
cage system subjected to currents and waves. Ocean
Engineering, 35, 1521 —1532.

Lee, D.W., J.B. Lee, Y.H. Kim and S.G. Jung, 2010.
Calculation of carbon dixoide emissions by south
Korea's fishery industry. Kor. J. Fish Aquat. Sci., 43
(1), 78 —82.

Lee, J.H., 2009. Experimental investigation and

-322-



S84 7] ol o)at o 7+ A 4

numerical methods in analyzing the ocean current
displacement phenomena of longlines. Ph.D thesis.
Institute of Marine Technology NTNU, Trondheim,
Norway. pp. 191.

Prior, D. and R. Khaled, 2009. Optimisation of trawl
energy efficiency under fishing effort constraint. In
Proc. Of the 9" International Workshop “DEMa
T09”, Nara, Japan. pp. 130 — 140.

Schau, E.M., H. Ellingsen, A. Endal and S.A. Aanondsen,
2009. Energy consumption in the Norwegian
fisheries. J Cleaner Prod., 17, 325 —334.

Takaki, T., T. Shimizu, K. Suzuki, T. Hiraishi and K.
Yamamoto, 2004. Validity and layout of “NaLA”: a
net configuration and loading analysis system.
Fisheries Research, 65, 235 —243.

Thrane, M., 2004. Energy consumption in the Danish
fishery: identification of key factors. J Ind Ecol., 8,
223 —239.

Tyedmers, P., 2001. Energy consumed by North Atlantic
fisheries. Fisheries Centre Research Report. In: Zeller
D, Watson R, Pauly D, editors. Fisheries impacts on
North Atlantic ecosystems: catch, effort and
national/regional datasets, 9:3, Vancouver: Fisheries
Centre, University of British Columbia, 12 —34.

Tyedmers, P., 2004. Fisheries and energy use. In:
Cleveland CJ, editor, The encyclopedia of energy,
San Diego, Academic Press/Elsevier Science, 683 —
693.

W ATk A EB0] T AA 9} ] § B4
Vigor, J., 1994. The practical mariner’'s book of

knowledge: 420 sea-tested rules of thumb for almost
every boating situation. International Marine
division of McGraw-Hill, ISBN 97 —0070674752,
71—-72.

Wakaba, L. and S. Balachandar, 2007. On the added mass
force at finite Reynolds and acceleration numbers.
Journal of Theoretical and Computational Fluid
Dynamics, 21, 147 —153.

Wileman, D.A., R.S.T., Ferro, R. Fonteyne and R.B.
Millar, 1996. Manual of methods of measuring the
selectivity of towed fishing gears. ICES Cooperative
Research Report, No. 215, pp.126.

Wileman, D.A., V. Tschernij, N. Madsen and R. Holst,
2000. Size selectivity and relative fishing power of
Baltic cod gillnets. Meddelande fran Havsfiskelabor-
atoriet, 329, 110 — 148.

Ziegler, F. and P-A. Hausson, 2003. Emissions from fuel
combustion in Swedish cod fishery. J Cleaner Prod.,
11,303 —-314.

Ziegler, F., 2006. Environmental life cycle assessment of
seafood products from capture fisheries. The
International Journal of Life Cycle Assessment, 12,
pp- 61.

2010¢ 9¢¥€ 244 A

20109 119 3¢¥ i}

20109 11€¥€ 10¥ 4=g]

-323 -





