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Abstract

Currently, efforts are focused on reducing emissions to support carbon neutrality by 2050 through
green technology. Green technology applies to the ship's design, port, engine selection, fuel, and
operation. This study modified the hull to reduce drag and improve fuel efficiency. Changes were
made based on variations in the deadrise angle, which were analyzed using numerical simulation. In
the currcrmituation, the deadrise angle is changed mn 9° to 10°, 15°, and 20°. On the angle
variation, the effects of changes in ship drag, fuel, and energy efficiency design index were analyzed
(EEDI). The method simulates computational fluid dynamics with a Holtrop calculation method
validation approach. At 12 and 6 knots above the current deadrise, resistance is reduced by 8.2% and
6.8%. respectively. The fuel efficiency achieved is 6.9% at 6 knots and 8.2% at 12 knots, resulting in
monthly fuel savings of 2.43 tonnes. Furthermore, the phenomenon of the EEDI value at the lowest
resistance and highest speed has a decreased performance value. Reducing the speed from 12 to 9
knots improves the performance of EEDI by 66%.
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1. Introduction

The world community is dealing with the same challenge: global warming and climate change. It
must be quickly eliminated since it creates calamities and reduces the quality of human existence.
The cause is the excessive emission of greenhouse gases and other wastes from manufacturing,
industrial, and transportation activities. Shipping transportation is one of the international supports
where 80-90 percent of shipments utilizing shipping services are the core of the world economy.
(Balcombe et al., 2019). The increasing demand for shipping lanes has direct implications for
increasing ship operations, fuelmlsumption and exhaust emissions, and new problems worldwide.
The shipping sector contributes 2—3% of total global greenhouse gas emissions (Bows—Larkin et al.,
2014).

The preceding facts and trends have prompted the internationam)mmunity, through the IMO,
to take a few strategic initiatives in response to rising emiaions in the shipping sector. Under the
United Nations Framework Convention on Climate Change and the Kyoto Protocol, the International
Maritime Organization (IMO) has approved new measures to limit air pollution from ship emissions.
Ithas implemented Annex VI of the MARPOL Convention 73/78 (TOKUSLU, 2020). The new rules
concentrate on green technology in the shipping sectorggs an efficiency and emission prevention
measure. One of the outputs is a regulation known as the Energy Efficiency Design Index (EEDI) in




2011. This new measure aims to reduce CO2 emissions and global enviroalental pollution by using
fewer fossil fuels and generating fewer greenhouse gas emissions. EEDI enforces minimum energy
use and CO2 emissions for unit loads per tonne/mile on various ship types and moals in progress
from the design stage (Brodie, 2021) (International Maritime Organization, 2020). The srnam' the
EEDI value of the ship, the more energy-efficient it is and the less CO: emissions it emits. Recent
studies have shown that ship energy-saving measures are applicable and beneficial for reducing CO»
emissions. Marine green technology is a technology that includes increasing energy efficiency on
ships in addition to the scope of its positive impact on the environment and the quality of human life.
Energy efficiency measures include ship material selection, ship design, hull coating related to
rm'stancc, and those related to fuel use, propulsion systems, and ship scheduling optimization.
(Boumwt al., 2017)(Mallouppas & Ytantis, 2021)(Rehmatulla et al., 2017)(Bows—Larkin et al.,
2014)(“DNV GL Says Oil & Gas Industry Sees Hydrogen as Key to Decarbonisation,” 2020)(DNV
GL - Maritime, 2019)

In ship design planning, the hull shape is one of the factors considered to reduce ship
resistance, whigs correlated with fuel efficiency and carbon emissions. According to (Prabowo et
al., 2022)(Kim et al., 2013) (Kim et al., 2013) all modificatiorman reduce ship drag. According to
(Yousefi et al., 2013) hull geometry characteristics consist of the dead-rise angle, chine, and spray
rail. One of the modifications that have a lot is the optimization of the deadrise angle. It was done in
the studies (Putranto et al., 2017)(Prabowo et al., 2022)(Pranatal, 2020), studies conducted by
previous researchers, it did not correlate with design energy efficiency. Ship indices review changes
in resistajne, seakeeping, and ship stability. The deadrise angle itself is the angle formed in the cross-
sectional plane between the hull and the horizontal section. It is measured at the center of the ship.
According to (Kim et al., 2013) the configuration of this deadrise angle will affect the trim angle and
ship stability.

The research aims to investigate how improvements in the geometry parameters of the dearies

angle from existing hull conditions of 9° to 10° and 15° and 20°can are achieved by reducing fuel
consumption and CO: emissions to implement green technology toward zero carbon 2050.

2. Methods

Ship Data

The detailed data on existing ships is shown in Table 1.
Tabel.1. Ship Data

MaiggDimensions Mo
LWL (m) 43728
Beam (m) 11,962
Draft (m) 2,15
Displaced volume (m?) 823,077
Wetted area (m?) 570,424
Prismatic coeff. (Cp) 0,784
Waterpl. area coeff. (Cwp) 092
1/2 angle of entrance 38.1
LCG from midships (+ve for'd) -0,102
Max sectional area (m?) 24021

Deadrise at 50% LWL 1.1
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Fig.1 Lines plan of XYZ ship

The optimum deadrise angle design, efficient fuel consumption, and (EEDI) will obtain using a
methodology that utilizem computational Maxsurf model using a Holtrop method calculation
methodology. Numerical analysis of the effect of modifications in deadrise angle on resistance, fuel
consumption, and EEDI. We have two-speed selections in this method: 6 and 12 knots. After the
modeling, a measurement test of the deadrise modifications on resistance, consumption level, and
EEDI of the changed hull model is conducted compared to the existing ship model. Mo and M1 are
used for the existing ship a)del, Mz for the 15° deadrise angle ship model, and M3 for the 20°-
deadrise-angle ship model. The deadrise is the angle measured in the section plane between the hull
and the horizonu at the midship position (Bentley, 2013)-. Moditying the deadrise angle affects the
trim angle, with the rise of the deadrise angle negat'a:ly correlated with the trim angle. At low speeds,
the deadrise angle also affects the ship's stability, and high trim angles can interfere with the ship's
transverse stability (Hasanudin et al., 2019). On a ship of this size, however, it has no significance.

VWATERLINE

DEADRISE ANGLE

Deadrise angle §

(a)




(b)
Fig 2. Figure 2. Existing model (a) and variation of deadrise angle (b)
The parameters taken and analysed are ship resistance, power, fuel consumption level, and EEDI
value for each model.

Ship Resistance Calculation 15
According to (Holtrop & Mennen, 1982) the total resistance of a ship can be expressed by the
following forfgula:

RT =% 0.V2 Su [Cr(14+k) + Ca) + 72 W (1
Rt =R (14k) + Rarr +Rw + RB + RTr + Ra (2)
Ri = Frictional Resistance according to the ITTC 1957 formula

1+k = form factor of the hull
Rarr = Appendage resistance

Rw = Wave resistance

Re = Additional pressure resistance of bulbous bow near the water surface

R = Additional pressure resistance due to transom immersion

Ra = Modelgu'p correlation resistance

Meanwhile, the ship resistance according to the ITTC standard is explained by the formula:

Rt =% e V2S. Cr (3)
Fueﬁonsumpﬁon Rate

The specific fuel consumption is based on the torque delivered by the engine with respect to the mass
flow of fuel delivered to the engine. Fuel consumption is the amount of fuel used per unit of time.
The unit usually used is gr/kWh. Calculating fuel consumption can be done with the following

nrmula:

Whio =P x Stoc x tx C.10°° 4)

Where:

P = Power of main engine (kW)

Stoc = Spesitic fuel oil consumption (gr/kWh)

17| = Cruise time (hour)

C = Constant addition of fuel (1.3 - 1.5)

EEDI calculation

To calculate EEDI, the following formula can be used:

EED] = X2exd ()
here:

EEDI = Energy Efficiency Design Index (gr CO2/ton mill)
P = Power (kW)




Stc = Spesific Fuel Consumption (gr/kWh)

Ct = Conversion of CO>

C = Ship Capacity (DWT atau GT)

v = Speed (knots)

The EEDI value obtained must not exceed the required EEDI. The required EEDI is formulated as

EEDlicqurea= (1 - =) RLV

3. Results and Discussion

(6)

Table 2. shows the changes in ship size because of changes to the ship's deadrise angle. The table

depicts changes in the beam, ship displacement, wetted area, prismatic coefficient Cp, waterpl

coefficient Cwp area, and other variables.

Table 1. Changes in ship size

3 Mo M, M2 M
LWL (m) 43,728 43728 437728 43,728
Beam (m) 11,962 11,961 11913 11,776
Draft (m) 2,15 2,15 2,15 2,15
Displaced volume (m?) 823077 81571 774,359 705,128
Wetted area (m?) 570424 567,313 554,368 531,761
Prismatic coeff. (Cp) 0,784 0,783 0,777 0,766
Waterpl. area coetf. (Cup) 0,92 0,92 0,917 0912
1/2 angle of entrance 38.1 38.1 38.1 37.8
LCG from midships (+ve for'd) -0,102 -0,1 -0,075 -0,034
Max sectional area (m?) 24,021 23818 22,794 21,058
Deadrise at 50% LWL 1.1 1.4 3,2 6.7

By changing the deadrise angle from 9° to 20", there is a 14.3% change in the wetted area. This is
generally very beneficial in reducing the value of ship resistance. Although it is still necessary to
check the stability and overall seakeeping of the ship. While the change is 14.3% in ship displacement.
In this researclgihe value of ship displacement becomes a dynamic parameter along with changes in
the geometry Of the ship's hull, which is different from several prm'ous studies (Pranatal, 2020)
(Putranto et al., 2017) which maintains displacement by revising the width of the ship

3. Results and Discussion

Table 2. shows the changes in ship size because of changes to the ship's deadrise angle. The table
depicts changes in the beam, ship displacement, wetted area, prismatic coefficient C,, waterpl
coefficient Cwp area, and other variables.

Table 1. Changes in ship size

Mo M M2 M3
LWL (m) 43.728 43728 43728 43.728
Beam (m) 11.962 11961 11913 11.776

Draft (m) 2.15 2.15 2.15 2.15
Displaced volume (m?) 823077 81571 774.359 705.128




Wetted area (m?) 570424 567.313 554.368 531.761
Prismatic coeff. (Cp) 0.784 0.783 0.777 0.766
Waterpl. area coetf. (Cup) 0.92 0.92 0.917 0912
1/2 angle of entrance 38.1 38.1 38.1 37.8
LCG from midships (+ve for'd) -0.102 -0.1 -0.075 -0.034
Max sectional area (m?) 24.021 23818 22.794 21.058
Deadrise at 50% LWL 1.1 1.4 32 6.7
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Fig.3 Power to speed variation (a) and resistance to speed variation (b) to hull model variation
Modifications made to the deadrise angle cause the displacement value to decrease with the addition
of the deadrise angle, as shown in table 1. This will cause the resistance value to decrease because
the submerged area is reduced. From Figure 3. (a) above, by changing the deadrise angle from 9° to
20", an efficiency of 8.2% occurs at 12 knots. The greater the deadrise angle, the greater the efficiency
of the engine. At the same speed, it requires less power. It is related to Figure b, whereby moditfying
the deadrise angle to 20°, the resistance value decreases by 8 2% from 76.6 kN to 70.3 kN at 12 knots.
Meanwhile, reducing the speed from 12 to 6 knots reduced resistance on existing ships by 86%. Ata
speed of 6 knots, the change in deadrise angle from 9° to 20° causes the resistance to decrease by
6.9% . The power efficiency occurs at 12 knots compared to 6 knots. The decrease in power from the
modified deadrise angle of 9" to 20° [y 8.97% occurred at 12 knots and 7.2% at 6 knots. The amount
of power is directly proportional to the value of the ship's resistance. This is in line with the results
of research conducted by (Aryawan & Putranto, 2018) (Putranto et al., 2017) where the smallest
resistance occurs with a larger deadrise angle. In contrast to the results obtained (Pranatal, 2020)
where the smallest resistance actually occurs at the smallest deadrise angle, this is due to otjgr
modifications that maintain displacement so that the influence parameter is ship trim. Where the
greater the trim angle of the ship, the ship's resistance also becomes large.

Resistance and Power

Table 2. Ship resistance and power to service speed

Speed (knots) Resistance Power
Mo Mi M2 M3 Mo M Ma M3
3 28 28 27 26 8.612 8.57 8.364 8.001
6 10.1 10 98 94 62343 62036 60517 57847

9 258 25.7 25 23.8 239.01 237.82 23141 22036
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Fig.3 Resistance to speed variation (a) and power to speed variation (b) to hull model variatio

Fuel Efficiency

Calculation of fuel consumption is carried out within one month of the active period of the cruise. It
is planned that ggydistance travelled by the ship from port Xggg port Y will be 43.8 miles, with a travel
time of 6 hours at a service speed of 6 knots and 2.99 hours at a service speed of 12 knots. In one day,
the ship makes two trips. Meanwhile, based on the engine catalog, the specific fuel consumption is
221.1 gr/kWh. The amount of fuel consumption will at least be influenced by engine power, specific
fuel consumption, and sailing time. The following graph shows data on the level of fuel consumption
tfor one month of operation without a break on three models of variations in hull shape parameters
and changes in deadrise angles to existing ships (Ariesta et al., 2021) .
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Fig.4 Fuel consumption in speed variations

Changing the deadrise angle from 9 to 20” at 6 knots can reduce the level of fuel consumption by
6.9% and at 12 knots by 8.2%, which means a savings of 0.2 tonnes of fuel at 6 knots and 2.43 tonnes
at 12 knots. Changing the deadrise from 9° to 10° has the lowest decrease of 0.9% at 6 knots and
0.5% at 12 knots. It means savings of 0.038 tonnes at 6 knots and 0.154 tonnes at 12 knots. As the
deadrise angle increases, the area submerged in water decreases, as shown in table 2, which causes




reduced resistance and a positive effect on reducing the ship's power so that the level of fuel
consumption also decreases. As also the results of research that has been carried out by (Putranto et
al.,2017)(Prabowo et al., 2022), although in every consideration, the choice of deadrise angle depends
on priority, whether resistance and fuel efficiency or cargo space although in every consideration the
choice of deadrise angle depends on priority whether resistance and fuel efficiency or cargo space.

Table. 3 Fuel consumption in speed variation

Speed (knots) Hull Model
Mao M Ma M3
6 3918 3.880 3.802 3.646
12 29.638 29 484 28.632 27.201
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Fig.4 Fuel consumption in speed variations

Energy Efficiency Design Index

The EEDI calculation illustrates how the ship’s design impacts the environment and operational
benefits. The EEDI is calculated from the design to the EEDI value that should exist on the type of
ship. Based on the analysis of resistance and the fuel consumption a priority for selecting the best
geometric design model is M3. Then, the EEDI test of the speed variation parameter was carried out.
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Fig.5 EEDI on M speed variation

At a speed of 6 knots and 9 knots, the EEDI value is still below the recommended EEDI. An increase
to 12 knots causes the EEDI value to exceed the required limit. (TOKUSLU, 2020) stated that EEDI
performance can be improved by reducing speed, increasing dead weight tonnage, and technological




intervention. By lowering the speed from 12 knots to 9 knots, there is a significant decrease in EEDI
of 66%, while lowering the speed from 12 knots to 6 knots, there is a decrease of 86.6%.
Energy Efficiency Design Index

Table 4 EEDI on M3 speed variation

Speed (knots) EEDI req EEDI-3
6 56.672 1148
9 56.672 29.15
12 56.672 86.10

4. Conclusion
There are several important conclusions from the research, namely:

1. Changes in hull geometry in the form of variations in deadrise angles cause significant
changes in resistance, fuel consumption, and ship EEDI values.

2. The resistance becomes smaller in the hull model with a larger deadrise angle, so that the level
of consumption improves. By changing the deadrise angle from 9” to 20°, the resistance
decreased by 8.2% at 12 knots and was able to save 2.43 tonnes in a monthly period.

3. The energy efficiency design index at the lowest resistance along with the increase in speed
decreased performance. The performance improvement is 66% by reducing from 12 knots to
9 knots.

4. The performance of the energy efficiency design index can be improved through reduced
speed, increased DWT, and technological intervention.

Acknowledgment

We would like to thank the Ministry of Education and Culture and LPDP for funding research on
scientific research (Riset Keilmuan 2021) schemes through the Rispro Mandatory, The Green
Maritime Technology Research Group, the University of Muhammadiyah Surabaya, and PT Dok and
Perkapalan Surabaya (Persero) as research partners.

References

A special report by the Energy Transitions Commission for the Getting to Zero Coalition The First
Wave A blueprint for commercial-scale zero-emission shipping pilots For the Getting to Zero
Coalition By the Energy Transitions Commission. (2020).

Ariesta, R. C., Aliffrananda, M. H. N_, Riyadi, S., & Utama, I. K. A. P. (2021). An Investigation into
the Justification of the Service Speed of Ro-Ro Ferry with Block Coefficient 0 . 8 Based on the
Resistance and Seakeeping Performance. November, 19-20.

Aryawan, W. D., & Putranto, T. (2018). The hydrodynamics performance of aquaculture fishing
vessel in variation of deadrise angle and sponson. International Journal of Mechanical and
Production Engineering Research and Development, 8(2).
https://doi.org/10.24247/ijmperdapr201829

Balcombe, P., Brierley, J., Lewis, C., Skatvedt, L., Speirs, J., Hawkes, A., & Staffell, I. (2019). How
to decarbonise international shipping: Options for fuels, technologies and policies. In Energy
Conversion and Management (Vol. 182). https://doi.org/10.1016/j.enconman.2018.12.080

Bouman, E. A_, Lindstad, E., Rialland, A.I., & Strgmman, A. H.(2017). State-of-the-art technologies,
measures, and potential for reducing GHG emissions from shipping — A review. Transportation
Research Part D: Transport and Environment, 52. https://doi.org/10.1016/j.trd.2017.03.022

Bows—Larkin, A., Mander, S., Gilbert, P., Traut, M., Walsh, C., & Anderson, K. (2014). High Seas,
High Stakes: High Seas Project Final Report. Tyndall Centre for Climate Change Research.

Brodie, P. (2021). International Maritime Organization (IMO). In Commercial Shipping Handbook.
https://doi.org/10.4324/9781315832685-85




DNV GL - Maritime. (2019). Assessment of Selected Ternative Fuels and Technologies. Imo,
391(June).

DNV GL says oil & gas industry sees hydrogen as key to decarbonisation. (2020). Fuel Cells Bulletin,
2020(6). https://doi.org/10.1016/s1464-2859(20)30258-3

Hasanudin, Yulianto, T., & Ariesta, R. C. (2019). MODIFIKASI KAPAL PURSE SEINE 30 GT
DENGAN MENAMBAHKAN CADIK UNTUK MENINGKATKAN SURVIVAL OF INTACT
STABILITY Modification of a 30 GT Purse Seiner with Outrigger Addition to Improve Survival
Intact Stability Oleh : 10(2),205-213.

Holtrop, J., & Mennen, G. G. J. (1982). APPROXIMATE POWER PREDICTION METHOD.
International Shipbuilding Progress, 29(335). https://doi.org/10.3233/isp-1982-2933501

International Maritime Organization. (2020). IMO 2020 : consistent implementation of MARPOL
Annex VI. OMi.

Kim,D.J.,Kim, S. Y., You, Y.J., Rhee, K. P., Kim, S. H., & Kim, Y. G. (2013). Design of high-
speed planing hulls for the improvement of resistance and seakeeping performance.
International  Journal of Naval Architecture and Ocean  Engineering, 5(1).
https://doi.org/10.2478/ijnaoe-2013-0124

Mallouppas,G., & Yfantis, E. A_(2021). Decarbonization in Shipping industry: A review of research,
technology development, and innovation proposals. In Journal of Marine Science and
Engineering (Vol. 9, Issue 4). https://doi.org/10.3390/jmse 9040415

Prabowo, A. R., Martono, E., Muttagie, T., Tuswan, T., & Bae, D. M. (2022). EFFECT of HULL
DESIGN VARIATIONS on the RESISTANCE PROFILE and WAVE PATTERN: A CASE
STUDY of the PATROL BOAT VESSEL. Journal of Engineering Science and Technology,
17(1).

Pranatal, E. (2020). PENGARUH SUDUT DEADRISE TERHADAP TAHANAN PLANNING
HULL. Prosiding Seminar Teknologi Kebumian Dan Kelautan, 2(1).

Putranto, T., Suastika, K., & Gunanta, J. (2017). Intact Stability Analysis of Crew Boat with Variation
of Deadrise Angle. IPTEK Journal of Proceedings Series, 0(2).
https://doi.org/10.12962/j23546026.y2017i2.2309

Rehmatulla, N., Calleya, J., & Smith, T. (2017). The implementation of technical energy efficiency
and CO2 emission reduction measures in shipping. Ocean Engineering, 139.
https://doi.org/10.1016/j.oceaneng 2017.04.029

TOKUSLU, A. (2020). Analyzing the Energy Efficiency Design Index (EEDI) performance of a
container ship. International Journal of Environment and Geoinformatics, 7(2).
https://doi.org/10.30897/ijegeo.703255

Yousefi, R., Shafaghat, R., & Shakeri, M. (2013). Hydrodynamic analysis techniques for high-speed
planing hulls. In Applied Ocean Research (Vol. 42). https://doi.org/10.1016/j.apor.2013.05 004




betty5

ORIGINALITY REPORT

17, 154

SIMILARITY INDEX INTERNET SOURCES

/%

PUBLICATIONS

/%

STUDENT PAPERS

PRIMARY SOURCES

.

123dok.com

Internet Source

3%

o

Submitted to University of Plymouth

Student Paper

2%

e

dergipark.org.tr

Internet Source

2%

-~

jestec.taylors.edu.my

Internet Source

2%

o

repository.its.ac.id

Internet Source

T

iptek.its.ac.id

Internet Source

1o

BH B

www.researchgate.net

Internet Source

T

ejournal.undip.ac.id

Internet Source

T

Submitted to IIT Delhi

Student Paper

T




—
o

Submitted to University of South Australia

Student Paper

T

Ling Zhu, Xiaojing Li, Wei Pan. "Controlling <1 o
marine greenhouse gas emissions in Hong ’
Kong: policy considerations", Maritime Policy
& Management, 2022
Publication

"Sustainable Shipping", Springer Science and <1

. : %
Business Media LLC, 2019
Publication
Www.coursehero.com

Internet Source <1 %
Submitted to City Universit

Student Paper y y <1 %

dfcoffee.com

Ilt:’?ternetSource <1 %

Theotokatos, G., Stoumpos, S., Lazakis, 1., <1

. . : %

Livanos, G.. "Numerical study of a marine

dual-fuel four-stroke engine", 'Informa UK

Limited', 2016

Internet Source

link.springer.com
InternetSF;urceg <1 %
Reza Yousefi, Rouzbeh Shafaghat, Mostafa <1 o

Shakeri. "Hydrodynamic analysis techniques



for high-speed planing hulls", Applied Ocean
Research, 2013

Publication

bmsit.ac.in
Internet Source <1 %
media.neliti.com
Internet Source <1 %
icsot.ppns.ac.id 1
Internet SELE?CQ < %
www.mdpi.com /
Internet Sourcep < %
Raffaele Ponzini, Francesco Salvadore, Ermina <'I o
Begovic, Carlo Bertorello. "Automatic CFD °
analysis of planing hulls by means of a new
web-based application: Usage, experimental
data comparison and opportunities", Ocean
Engineering, 2020
Publication
Francesko Mauro, Luca Braidotti, Giorgio <1 o

Trincas. "DETERMINATION OF AN OPTIMAL
FLEET FOR A CNG TRANSPORTATION
SCENARIO IN THE MEDITERRANEAN SEA",
Brodogradnja, 2019

Publication




Exclude quotes Off Exclude matches Off
Exclude bibliography On



