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In this study, optimum design algorithm for composite ship structures is applied to a 52-ft. yacht to conduct comparative
analyses by life cycle assessments, through which a material design method is proposed to cope with environmental
regulation of the ship. Through the case study, the weight of the ship was reduced, and life cycle assessments of the
original and lightweight vessels were performed using SimaPro 8. Weight was reduced by 10.47%. Also, at ‘In Production’,
global warming and ozone layer depletion indicators decreased by 26.3 and 42.9%, respectively. At ‘In Use', global
warming and ozone layer depletion indicators decreased by 3.81%, with the ship operating for 20 years. Environmental
impact of unit weight glass fiber and resin (raw materials used in composite structures) were compared. It was found that
resin has higher impact on global warming and ozone depletion than glass fiber by factors of two and eight, respectively.
Consequently, it was confirmed that a material design that preferentially reduces content of resin improves the eco-friendly
performance of the composite ship.
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Table 1 Principle dimensions of MMU-G52

MMU-G52
Item Value Unit
Ly 15.90 m
L 13.15 m
Buax 4.64 m
BwL 429 m
D 2.50 m
T 0.95 m
A 2547 ton
Cp 0.46

Table 2 Composite materials of MMU-G52

Item Value Unit
Fiber material E-Glass
) Density 2.56 g/em’
Fabric -
Fabric type Chopped strand mat
Unit weight 450 g/m?
. Type Polyester resin
Resin —
Density 12 g/em’
Type End grain balsa
Core -
Density 104 kg/m’
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Single Skin
Gc: 40% > 64%

Sandecture
Gc:40% > 72%

Fig. 1 Optimum GC (Glass Content) by structure types

Original Case - Lightweight Case
Total Bending Moment : 610 kN.m
Bending Stress at Deck : 5.707 m® - 8.330 m®
Allowable Stress of Laminate :
40,59 N/mm?(GC ; 40%) 2> 55.44 m*(GC : 64%)
Bending Stress / Allowable Stress :
14.06% > 15.02%
Deck Safety Margin : 85.94% - 85.98%

Original Case -> Lightweight Case
Moment of Inertia : 0.138 m* - 0.098m*
Section Modulus at Deck
0,107 m* = 0073 m*

N/i\&.gmal Case

N/ALightweight Case!

= N/A: Neutral Axis

Fig. 2 Longitudinal strength estimation of MMU-G52
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Fig. 3 Lightweight effect analysis by ship structures

B Glass Fiber OResin

5,587.34

6,300.40

7,000

1,889.73kg 7
6,000

5000 3,780.24 1,890.51
4,000
3,000

2,000

NN

1,000

Original Case Lightweight Case

Fig. 4 Weight variation with composite materials light-eight design
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Step. 1 Step. 2 Step. 3 Step. 4
Goal and Scope Definition Inventory Analysis Impact Assessment Interpretation

Global Warming

Goal Energy Inputs ‘

| stratospheric Ozone
Raw Materials Input ‘ Depletion

Scope

Material

Acidification

&
Other physical | &
\ Terrestrial Toxicity Analysis
errestrial Toxicl of
Transport Products, e ——
Co-product
and waste

1 Resin

Ecoinvent 3
ReCiPe 2016

[ Aquatic Toxicity | Impact
by Weight

Human Health fiaduction
Resource Depletion

In Production |1 | Fiber

In Use i—|Diesel OII‘

i Disposal
H ! Reuse i

Fig. 5 Life cycle assessment procedure

Emissions to air,
Discharges to Water
and Soil

Other Water Use

Aspects ‘ Land Use

1721 of case study
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g. 6 Required horsepower estimation for lightweight design

80
70
60
50
40
30
20

10
y = RE-09x? - 4E-06x? + 0.0139x - 9.5986
0
1000 1500 2000 2500 3000 3500 4000

RPM

Fig. 7 Fuel consumption of Volvo D6-330

Table 3 Fuel consumption estimation

Displacement  Draft Fuel consumption

(kg) (m) per hour (L/h)
Original 5 18000 0.945 44925 102.33
case
Light weight =, 76758 0935 43320 98.43
case
Table 4 Total fuel consumption for lifecycle
Fuel consumption  Using time Fuel
per hour (L/h) (hour) consumption (L)
Original case 102.33 5,200 532,116.60
Light weight 98.43 5,200 435,060.60
case
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Fig. 8 Environmental impact comparison of original and
lightweight design in production phase
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Fig. 9 Environmental impact comparison of original and lightweight
design in use phase

Table 5 Environmental assessment in production phase

Impact Original Lightweight Unit
category case case
Global warming 27,342.80 20,163.05 kg CO, eq
Ozone layer 0.1200 0.0687 kg CFC11 eq

depletion
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Fig. 10 Variation for global warming category indicator with light-
weighting for production phase
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Fig. 11 Variation for ozone layer depletion category indicator with

light-weighting for production phase

o Eo] Z=x]o] 9k 50.01%7} ZAastAA| T, 92480 ok
68.16%7} Z7}51%t}. AyjRoz= Ad?#%%} 712.72 kg, 10.01%
7hego] ZHasiglet. 1o o A 213} 2| 4= Fig. 103} 2
o] 2626% 7rAE|Qal g&%um 2= Fig. 113} 7o)
42.75% AT,

Tejar ke “In Use” THA[OflA] Zwkst A= <la)| v
It Z4=7F Akl T1of whet Auke] HA|Rte] EojE5A o
Ao A7hg ABAREEFo] 3.9 2lE AE QL 1o u)
2} B 9L Figs. 123} 131} o] A=t Figs. 123} 13
of wha} A2 dst A= @ E25uka] 2|47} 3.81%4] FUs)
Al sk, ol B7HY didte]l tAaed A7
2ol FUg AAES B3l Z 0= oifHrt

5.1 S M7 X 8 g5t 2M

7} cA| o] YRl et TS 25 o A5 ERls]
Qstol fEldaet =4, Ao diste] ZF 1 kegd BE A
3RS sl ok}, A= Table 63 Zth.

Table 60f Uepd viel o] 4=X= FAFELE AlF2d
Slofl oF 2uf], @&Zuky] R|grof M= oF 8ol A epdS &
4 9tk o]2H RAF Fo] Aukd AYiksl= Wlo] ti7]
Aol 27 o AHAS o 4 ek wEkA 2 AxpEo]



880 / September 2019

300000

250000

q
BN
=]
o o
& o
o o
& &

Original Case Lightweight Case
Global Warming

Fig. 12 Variation for global warming category indicator with light-
weighting for use phase
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Fig. 13 Variation for ozone layer depletion with light-weighting for
use phase

Table 6 Environmental impact analysis by composite materials and

fuel oil
Impact Original case Lightweight Unit
category case
Global warming 254,941.91 245,225.57 kg CO, eq
Ozone layer
depletion 0.4090 0.3940 kg CFCl11 eq
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