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Abstract 

The purpose of this study is to investigate the effects of EEDI on ship design. 

This dissertation addresses the environmental issue related the new regulations of the Annex VI from 

the MARPOL convention, on which has been made mandatory the computation of the Energy 

Efficiency Design Index (EEDI) and the verification of its compliance with the maximum reference lines 

for every ship. 

In order to improve the procedure in which ships are now being designed is essential to use 

parametric modelling to travel in a higher domain of possible results in a shortest period of time. 

Hence in this study parametric modelling software was used to analyse and create hull geometry’s in 

order to obtain better results regarding the hydrodynamic efficiency and ship cost always considering 

the EEDI parameter has a guiding constrain to the design process. 

This thesis is focused on the hull form of typical container vessels which are analysed to identify the 

relevant main curves and their geometric characteristics.  

In this work, it is analysed and optimised the hull form of a container vessel in order to minimise the 

hull resistance and therefore the EEDI, taking into consideration the constraints related with the cargo 

capacity. Then a set of shape parameters closely related to the hull propulsive resistance are identified 

to be used as the design variables of an optimization process that permits to create and vary the ship 

hull efficiently.  

In the following step, 3D hull forms are generated parametrically featuring several marine architectural 

variables. 

The modelling system will in the end produce a mathematical description of the hull through geometric 

optimization leading to the resulting hull surface models and the numbers of containers that can be 

carried inside the cargo holds and on top of the hatch covers.  

In this work, an integrated software framework platform, combining the 3D geometric modelling, naval 

architecture computations and optimization algorithms is to be used. From the several available 

optimization algorithms the NSGA-II was chosen to obtain the most suitable ship for the intended 

purposes. During this work 2300 ships are created and analysed. 

This work concludes with the reaching of an optimized container vessel obtained from the first main 

particulars and with a clear view over the parameters that have a higher weight in energy efficiency, 

giving to the designer a complete discretization and modification capability for further tests regarding 

other important naval architecture measures of merit. 

 

Keywords: MARPOL, EEDI, Friendship Framework, parametric modelling, container ship, multi-

objective, optimization 
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Resumo 

O objectivo deste estudo é investigar os efeitos do EEDI no projecto de navios. 

Esta dissertação aborda a questão ambiental relacionada com as novas regras do anexo VI da 

Convenção MARPOL, sobre as quais foi tornada como obrigatória a computação do Índice de 

Eficiência Energética (EEDI) e à verificação da sua conformidade com as linhas de limite máximos 

para cada navio. 

A fim de melhorar o processo em que os navios estão agora a ser projectados é imprescindível a 

utilização de modelação paramétrica para viajar num maior domínio de resultados possíveis durante 

um período de tempo mais curto. Portanto, neste estudo um software de modelação paramétrica foi 

utilizado para analisar e criar a geometria, de modo a obter melhores resultados no que diz respeito à 

eficiência hidrodinâmica e custo do navio, sempre considerando o parâmetro EEDI como uma 

referência no processo de design. 

Esta tese é focada na forma do casco de navios porta contentores, que são analisados para 

identificar as principais curvas de forma e as suas principais características geométricas. 

Neste trabalho, é analisada e optimizada a forma do casco de um navio porta-contentores, de modo a 

minimizar a resistência do casco e o EEDI, tendo em consideração as limitações relacionadas com a 

capacidade de carga. Em seguida, um conjunto de parâmetros de forma estreitamente relacionados 

com a resistência à propulsão do casco são identificados para serem usados como as variáveis de 

concepção de um processo de optimização que permite a criação e variação do casco do navio, de 

forma eficiente. 

Na etapa seguinte, as formas de casco 3D são geradas parametricamente com diversas variáveis de 

arquitectura naval. 

O sistema de modelação irá produzir no final uma descrição matemática através de optimização 

originando a superfície do casco e o número de contentores a bordo no porão e convés. 

Neste trabalho, uma plataforma de software integrada, que combina a modelação geométrica em 3D, 

cálculos de arquitectura naval e algoritmos de optimização é usado. No procedimento de optimização 

foi utilizado o NSGA-II, para obter o navio mais apropriado. Durante este trabalho 2300 navios são 

criados e analisados. 

O trabalho termina com um navio porta-contentores optimizado obtido a partir dos primeiros 

elementos principais e com uma visão clara sobre os parâmetros que têm um peso superior na 

eficiência energética, dando ao projectista uma capacidade de discretização e modificação completa 

para testes adicionais em relação a outras medidas de mérito importante em arquitectura naval. 

 

Palavras-chave: MARPOL, EEDI, Friendship Framework, parametric modelling, container ship, multi-

objective, optimization  
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“Worst decision is the non-decision” 

“ A pior decisão é a não decisão “ 

      -Benjamin Franklin 

  



ix 

 

Contents 

Acknowledgments ................................................................................................................................ iii 

Abstract .................................................................................................................................................. v 

Resumo................................................................................................................................................. vii 

Contents ................................................................................................................................................ ix 

List of Figures ....................................................................................................................................... xi 

List of Tables ....................................................................................................................................... xiii 

List of Acronyms ................................................................................................................................. xv 

1. Introduction .................................................................................................................................... 1 

1.1. Motivation .............................................................................................................................. 1 

1.2. Aim of the dissertation ........................................................................................................... 4 

1.3. Thesis Structure .................................................................................................................... 5 

2. State of the art ................................................................................................................................ 6 

3. Vessel under analysis ................................................................................................................. 20 

4. Design parameter analysis ......................................................................................................... 24 

4.1. EEDI versus the Ship Design Parameters .......................................................................... 24 

4.1.1. Variation in vessel speed ........................................................................................ 25 

4.1.2. Variation in length ................................................................................................... 26 

4.1.3. Variation in beam .................................................................................................... 27 

4.1.4. Variation in depth .................................................................................................... 29 

4.1.5. Variation in draft ...................................................................................................... 30 

4.1.6. Variation in CB ......................................................................................................... 31 

4.1.7. Effective Power/Displacement curve ...................................................................... 32 

5. Parametric Model ......................................................................................................................... 33 

5.1. Geometric generation .......................................................................................................... 36 

5.2. Code description .................................................................................................................. 38 

5.3. Created features .................................................................................................................. 41 

6. Optimization Sequence ............................................................................................................... 48 

7. Results Analysis .......................................................................................................................... 52 

8. Design and Optimization ............................................................................................................. 58 

9. Conclusions ................................................................................................................................. 62 

10. Further Improvements ................................................................................................................. 64 

References ........................................................................................................................................... 65 

ANNEX A – Optimization Output ........................................................................................................ 67 

ANNEX B – Final Output Charts ......................................................................................................... 71 



x 

 

  



xi 

List of Figures 

Figure 1 – Global containerized trade, (UNCTAD) .................................................................................. 2 

Figure 2 – Global merchandise trade, (UNCTAD) ................................................................................... 3 

Figure 3 – Fifty years of container ship growth, (UNCTAD) .................................................................... 4 

Figure 4 – Project spiral, (Evans, 1959) .................................................................................................. 6 

Figure 5 – Ship hull design process ........................................................................................................ 7 

Figure 6 – Design synthesis (Papanikolau, 2012) ................................................................................... 8 

Figure 7 – Holistic ship design optimization .......................................................................................... 13 

Figure 8 – Different parametric topologies (Abt et al., 2001) ................................................................ 15 

Figure 9 –Geometric plan initial ship ..................................................................................................... 20 

Figure 10 – Main Engine Output vs TEU capacity ................................................................................ 21 

Figure 11 – Service Speed vs TEU capacity ......................................................................................... 21 

Figure 12 – Block Coefficient vs TEU capacity ..................................................................................... 21 

Figure 13 – Tonnage Deadweight vs TEU capacity .............................................................................. 21 

Figure 14 – Lightship vs TEU capacity .................................................................................................. 21 

Figure 15 – Container vessel initial stage longitudinal view .................................................................. 22 

Figure 16 – Container vessel initial stage bottom view ......................................................................... 23 

Figure 17 – Container vessel initial stage transverse view ................................................................... 23 

Figure 18 – EEDI and speed for each vessel of DOE ........................................................................... 25 

Figure 19 – EEDI and Length for each vessel of DOE .......................................................................... 26 

Figure 20 – EEDI and Length for each vessel of DOE fixed variation .................................................. 26 

Figure 21 – EEDI and beam for each vessel of DOE ............................................................................ 27 

Figure 22 – EEDI and beam for each vessel of DOE fixed variation .................................................... 28 

Figure 23 – EEDI and depth for each vessel of DOE ............................................................................ 29 

Figure 24 – EEDI and depth for each vessel of DOE fixed variation .................................................... 29 

Figure 25 – EEDI and draft for each vessel of DOE ............................................................................. 30 

Figure 26 – EEDI regarding the draft of the DOE fixed variation .......................................................... 30 

Figure 27 – EEDI regarding the block coefficient of the DOE ............................................................... 31 

Figure 28 – EEDI regarding the block coefficient of the DOE fixed variation ........................................ 31 

Figure 29 – EEDI regarding the Effective Power Displacement ............................................................ 32 

Figure 30 – FriendShip framework stage process ................................................................................ 33 

Figure 31 – Modelling environment and functions curves ..................................................................... 34 

Figure 32 – Aft part of the hull ............................................................................................................... 35 

Figure 33 – Forward part of the hull ...................................................................................................... 35 

Figure 34 – Aft part generation function curves .................................................................................... 35 

Figure 35 – Forward part generation function curves ........................................................................... 36 

Figure 36 – Main Section and main cargo section ................................................................................ 37 

Figure 37 – Main Section parametric Curve .......................................................................................... 37 

Figure 38 –Codes and design process .................................................................................................. 41 



xii 

Figure 39 – Sectional area curve .......................................................................................................... 42 

Figure 40 – Flare Curve and flat of side curve ...................................................................................... 43 

Figure 41 – Center of areas (SAC) ........................................................................................................ 43 

Figure 42 - EEDI requirement line regarding DWT, (Fair play database) ............................................. 45 

Figure 43 – Visibility cargo line .............................................................................................................. 46 

Figure 44 – Visibility cargo line .............................................................................................................. 46 

Figure 45 – Container vessel cargo distribution on deck ...................................................................... 47 

Figure 46 – Modeled cargo holds .......................................................................................................... 47 

Figure 47 – Field of variants DOE ......................................................................................................... 49 

Figure 48 – Hierarchy stage optimization mode .................................................................................... 51 

Figure 49 – Optimization of EEDI regarding Length ............................................................................. 53 

Figure 50 – Optimization of EEDI regarding beam ............................................................................... 54 

Figure 51 – Optimization of EEDI regarding depth ............................................................................... 54 

Figure 52 – Optimization EEDI versus draft .......................................................................................... 55 

Figure 53 – Optimization of EEDI regarding L/B ................................................................................... 55 

Figure 54 – Optimization of EEDI regarding speed ............................................................................... 56 

Figure 55 – Optimization of EEDI regarding CB ................................................................................... 56 

Figure 56 – Optimization of EEDI regarding total container .................................................................. 57 

Figure 57 – Pareto front for EEDI and Ship Cost .................................................................................. 58 

Figure 58 - Energy Efficiency Design Index reference lines and designs ............................................. 60 

Figure 59 – Longitudinal linesplan final model ...................................................................................... 61 

Figure 60 – Transversal linesplan final model ....................................................................................... 61 

Figure 61 – Operating final version ....................................................................................................... 61 

 

  



xiii 

List of Tables 

 

Table 1 – Example ship database ......................................................................................................... 22 

Table 2– Initial main particulars ............................................................................................................. 22 

Table 3– Evaluation parameters ............................................................................................................ 24 

Table 4 – Reference requirement for EEDI ........................................................................................... 45 

Table 5– Phases for EEDI requirement ................................................................................................. 45 

Table 6 – Design variables .................................................................................................................... 49 

Table 7 – Design constraints ................................................................................................................. 50 

Table 8 – Objective functions................................................................................................................. 50 

Table 9– Performance comparison ........................................................................................................ 59 

Table 10- Tier 3 optimized main particulars ........................................................................................... 59 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiv 

  



xv 

List of Acronyms 

 

AttEEDI Attained Energy Efficiency Design Index 

BEM Boundary Element Method 

CO2 Carbon Dioxide 

CAD Computer-Aided Design 

CEMs Concept Exploration Models 

CFD Computational Fluid Dynamics 

CIR Computer Internal Representation 

DOE Design of Experiments 

GL Germanisher Lloyds 

DWT Deadweight Tonnage 

EEDI 

EA 

Energy Efficiency Design Index  

Evolutionary Algorithm  

FEM Finite Element Method 

FFW Friendship Framework 

GA’s Genetic Algorithms 

GUIs Graphical User Interface 

IMO International Maritime Organization 

LWL Length of Waterline 

MARPOL International Convention for the Prevention of Pollution from Ships 

MOEA Multiple Objective Evolutionary Algorithm 

MOGA Multiple Objective Genetic Algorithm 

NURBS Non-Uniform Rational B-Splines 

NSGA-II Non-dominated Sorting Genetic Algorithm 

RANSE Reynolds-average Navier-Stokes 

SFO Specific Fuel Consumption  

TDW Deadweight Tonnage 

TEU  Twenty foot Equivalent Unit 

UNCTAD United Nations Conference on Trade and Development 

  

  

  

  

  

  



xvi 

 

 



1 

1. Introduction 

1.1. Motivation 

The international shipping industry is responsible for the carriage of around 90% of 

world trade, (UNCTAD, 2014). 

The United Nations Conference on Trade and Development (UNCTAD) estimates that 

the operation of merchant ships gives about US$380 billion in freight rates. Regarding 

containerized cargo it grew 4.6% in 2013 taking the total volumes to 160 million TEU’s 

up from 153 million TEUs in 2012, (UNCTAD, 2014). 

The rise of operational costs and the new demanding rules on environmental impact 

due to CO2 emissions moved the United Nations resulting on the Kyoto Protocol. This 

international agreement linked to the United Nations Framework Convention on 

Climate Change aims to commits its parties by setting internationally binding emission 

reduction targets.  

As early as 1997, the Kyoto Protocol called for the development of measures to 

reduce CO2 emissions, and the International Maritime Organisation (IMO) took action, 

Kyoto (UN, 1997). 

One of the technical measures that have resulted from this is the Energy Efficiency 

Design Index (EEDI), which is mandatory for new build vessels since January 1st, 

2013 (contract date). The EEDI is conceived as a future mandatory instrument to be 

calculated and made as available information for new ships, (MARPOL, 2008). 

The EEDI is a design index quantifying the amount of CO2 in gram that a ship emits 

when carrying one deadweight ton of cargo for one nautical mile, (Giziakis and 

Christodoulou, 2012).  

The Parties included in pursue limitation or reduction of emissions of greenhouse 

gases not controlled by the Montreal Protocol from aviation and marine bunker fuels, 

working through the International Civil Aviation Organization and the International 

Maritime Organization(IMO), respectively. 

The challenge of energy efficient ship design, even though shipping is well known as 

the most fuel-efficient mode of bulk transportation, has been tasked with reducing its 

greenhouse gas (GHG) emissions and doing its share to prevent global warming. 

Being the international shipping the backbone of global trade, the vast majority of 

transported goods is carried out by the liner fleet with the Asian markets being the 

healthiest. Furthermore the shipping also faces a long term high of fuel oil, over 

capacities and low freight rates with a fleet still growing faster than the actual 

demand. Because of this combined factors, the fuel efficiency turned into the focus of 

the liner companies initiating new building programs ordering very large ships due to 

the scale advantage to small ships.  
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Primarily applicable to new building is also to be used as a tool for control of CO2 

emissions from ships. The IMO aims to improve the energy efficiency of ships via 

mandatory implementation of the EEDI.  

For container vessels, the EEDI value is essentially calculated on the basis of 65% of 

the maximum cargo capacity in DWT, vessel speed, propulsion, machinery power, 

fuel type and SFOC.  

To evaluate the achieved EEDI, a reference for the specific ship type and specified 

maximum DWT cargo capacity is used for comparison. The final calculation and how 

to penalize non-compliance has not yet been determined.  

Main engine’s specific maximum rating (SMCR) 75% is as standard applied in the 

calculation of the EEDI, in which also the CO2 emission from the auxiliary engines of 

the ship is included.  

According to the rules under discussion, the EEDI of a new ship is reduced to a 

certain factor compared to a reference value yet to be decided. Thus, ships built after 

2025 are proposed to have a 30% lower EEDI than the initial reference line. This 

measure will influence ship owner to look for more efficient ships. Energy saving will 

have to be taken seriously and ship building industry will have to adapt. 

 

 
Figure 1 – Global containerized trade, (UNCTAD) 

 

A ship’s attained EEDI must be equal to or less than the required EEDI for that ship 

type and size, which will be a function of the reference line value. 

As direct result, the design and the operational characteristics of all types of ships but 

particularly the container ship in the recent years have been subjected  to an 

evolution leading to  the search for more economic and lower operational cost 

vessels. This is resulting in more competitive commercial outputs leading to the need 

of higher and more advanced methods to conduct ship design. 

The increasing international competitive pressures are motivating all industrial 

corporations to cycle reduction in order to improve assets return and working capital, 
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(Figure 1). Ship design from a holistic point of view addressing whole ship life cycle 

had to be considered and implemented with optimization technics used for computer 

aided form generation.  

With the parallel CAD – CAE evolution along optimization concepts a new era of ship 

design is emerging creating a contrasting advance regarding the classical approach 

to design and thinking towards container vessels. 

These advances dramatically changed the way of designing cargo ships and 

introduced faster, simpler and economic, way of transport directly connected to being 

one of the main driver of globalization and tremendous growth in the second half of 

the 20
th
 century, (Figure 2). 

 

 

Figure 2 – Global merchandise trade, (UNCTAD) 

 

This allowed an extreme evolution regarding the container ship design and 

construction stimulating a huge increase in vessel size and specialization. Technology 

and systems associated to these ships nowadays are exceptionally advanced. In 10 

years there was an increase of cargo transportation by almost 90% regarding 

container vessels, (Figure 2). 

Parametric modelling hand in hand with formal optimization procedures brought a 

new other level of challenge to the designers but also an increased deepness in the 

study. 
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Figure 3 – Fifty years of container ship growth, (UNCTAD) 

 

To achieve the mentioned detail a complete parametric modelling tool was used. This 

tool is the software from GL for parametric hull modelling and optimization, called 

FFW. 

 It brings product accuracy, automation, speed and communication to other software. 

This tool entirely serves the scope of the thesis because it explores in full potential 

the parametric design approach in ship design and the multi objective optimization 

crucial to an energy efficient ship. 

 

1.2. Aim of the dissertation 

The aim of this dissertation is to analyze the hull form of a typical container vessel to 

identify the relevant main curves and their geometric characteristics. Then a set of 

shape parameters closely related to the hull propulsive resistance are identified and 

some selected to be used as the design variables of an optimization process. In the 

following step, three dimensional hull forms are generated parametrically. From the 

resulting hull surface models, the numbers of containers that can be carried inside the 

cargo holds and on top of the hatch covers are determined.  

The FFW platform is used to combine geometric modeling, naval architecture 

computations and optimization algorithms. From the several available optimization 

algorithms three are used and set in a multi stage optimization process to select the 

most efficient vessel. 

A ship class inside the container vessels had to be chosen in order to localize and 

maximize the results regarding the target of this study. A typical panamax ship size 

was selected. 
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1.3. Thesis Structure 

The thesis is organized has follows; Chapter 2 presents the current state of the art 

and a review of the theoretical background; Chapter 3 discretizes the class and 

vessel under analysis defining a starting point; Chapter 4 is used for studying the 

design parameters used for the following optimization; Chapter 5 explains the several 

features of the parametric model and gives a global view over the work done on the 

Friendship Framework platform; Chapter 6 explain the optimization method used and 

the structure applied to the complete process; Chapter 7 is the assessment of results 

during the post-processing phase; Chapter 8 presents the obtained models and 

results between the different stages of optimization, concluding the study; Chapter 9 

is the conclusion part of the thesis; Chapter 10 provides some suggestions about the 

continuation and the possible path to follow in order to improve the previous study.  
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2. State of the art 

Ship design has followed for many years a sequential method of problem solving step 

by step. The discretion of this method was commonly known has the Design spiral 

where the designers would follow a logical order facing each crucial subpart of the 

project revaluating on each iteration the effect of the previous adjustment.  

This spiral methodology, as shown on Figure 4, was first referenced by Evans (1959) 

and simplified what was logically beyond for a single individual to keep in mind during 

the design process. This provided option to ship design, and made clear the several 

interactions between the various parts of the design phase and accounted the 

developments and improvements of the final product, (Murphy et al., 1963). 

 

Figure 4 – Project spiral, (Evans, 1959)  

 

This concept clearly ignored much of the interaction between the subparts of the final 

project and shown that the hole project was simply bigger than the sum of all parts 

due to the high affect between the relations, constrains and stakeholders demands.  

A holistic approach had to be well-thought-out taking in consideration all components 

has wholes and not has merely parts, (Koutroukis et al., 2013). The properties of a 

system cannot be determined or explained by looking at its component parts alone 

instead the system as a whole determines the behavior of the part components. 

Interaction, cannot be neglected,(Figure 5).  
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Figure 5 – Ship hull design process 

 

In terms of ship design optimization, this approach addresses the whole ship’s life 

cycle beginning from the early stages of conceptual and preliminary design to the final 

product. Combining the several parameters under the ship hull model is far from 

being an easy task leading to extremely complex computational code.  

Although the holistic model acquired from this exercise demanded a fair amount of 

time to be developed it stills justifies the time investment by the higher study and 

improved efficiency that consequently is envisioned on the final result. This efficiency 

brings better ship indicators regarding costs, reduced required freight rate and energy 

saving.  

Trial and error system was an unsustainable method regarding time and resources, 

(Mistree et al., 1990). Furthermore the improvements from project to project needed 

to be triggered according to the repetition of the ship in question, meaning a ship 

design optimization could be improved repeating the process and maintaining the 

same ship in study, (Solesvik, 2007), (Krömker and Thoben, 1996). 

Optimizing the ship design in a holistic way meant to implement all different functional 

elements, design features and geometry modules in a single model forming a 

nonlinear optimization problem, where conventional methods and strategies couldn’t 
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be used. This created a need for a better way to approach this problem where several 

variables could be analyzed at the same time and a field of suitable solutions could 

be accessed and evaluated. This was the first step towards design evolution, (Figure 

6. 

 

 

Figure 6 – Design synthesis (Papanikolau, 2012) 

 

Since 1960 computer advances allowed for the restructure of the design process. 

Parametric exploration of design spaces on simplified ship models allowed the 

creation of solution groups on which a single variable could be analyzed and 

quantified, knowing its following weight in the final result. This created the capacity to 

maintain parametric creation with variable distinction doing the main design with 

global parameters, (Lee, 1999),(Yang et al., 2007) and evolving to local parameters or 

close design relation stated, (Lyon and Mistree, 1985). 

By 1861 the similarity laws for model tests where presented by W. Froude on a paper 

delivered to the Institution of Naval Architects. The first model basin was produced in 

Torquay, England by the year of 1879.This was followed by many others around the 

globe. By a period of almost a century these model tests where exclusive to the 

industry, on optimization and evaluation of new hull designs.  

On the beginning of 1960s, the access to new technology was available to a selected 

few naval architects which were able to use punch cards as input for calculus 

producing the first structural and hydrostatic analysis. 

Australian mathematician, John Henry Michell is associated with the start of the ship 

hydrodynamics numerical work. By 1898 J. Michell suggested an integral expression 

to calculate wave resistance which remained academic for many decades, including 

all subsequent refinements of quasi analytic approaches, (Bertram ,2012). When 
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numerical methods came into play bringing captured physics and geometries all the 

previous study was re-implemented from 1950s till 1990s, (Gotman, 2007).  

The first optimization methods date back to 1940s. Local optimization algorithms were 

validated for optimization problems around 1960 with the first try’s on slender-body 

theory. The objective was to obtain the minimum resistance hull shapes.  

By the 1970 till the 1990 a big evolution regarding hardware created the possibility for 

a wider range of functions. Oriented graphics (GUIs) and CAD developments joined 

forces with CFD codes and boundary element methods for propeller and wave 

resistance assessment, (Larsson, 1997) and (Bertram, 2012). 

During this period genetic evolutionary algorithms also make their appearance,  as 

described by Holland (1992), although they remain ignored for several years as they 

are computationally less efficient than classic optimization algorithms on single 

processor computers.  

By the middle of 1970’s authors like Schneekluth, Nowacki and Söding bring 

optimization applications to ship design in to another level by giving the possibility to 

ship designers to set their own optimization models. By this time concept explorations 

models (CEMs) are developed as an alternative to automatic optimization. Concept 

exploration models allowed the designer to understand how certain variables 

influence the performance of the design, (Erikstad, 1996). 

Forward on by the 1980 until 1990, viscous CFD methods appear in other industries 

and by the end of this decade the first RANSE (Reynolds Averaged Navier-Stokes 

Equation) methods appeared bringing application for ship resistance simulation.  

From the 1990 till nowadays computers continue to increase capacity, with multi-

processor and graphical card units bringing more realistic and larger applications, 

(Couser et al., 2011). 

By the year 2000 wave resistance codes based on potential flow theory were 

common industry tools, see Bertram (2011). Some of the more common codes are 

SHIPFLOW (XPAN), RAPID, nu-SHALLO and FS-Flow. Viscous CFD applications 

using RANSE solvers develop dynamically with importance regarding hull form design 

optimization, (Bertram, 2012). 

With the arrival of parallel computing GA’s became more attractive consequently 

evolutionary techniques assumed a standard position in the industry bringing a user 

friendly work environment for designers without all the complex assumptions and 

hazard data comparing.  

CEM’s and multi-objective optimization offering charts of influence and constrain 

control are regular work shell for a engineer looking for optimizing any kind of 

structure. One of these shells is used in this thesis, Friendship Framework. 

During this time some attempts were made at formal hull optimization based on wave 

resistance that resulted on shapes that while not unfeasible where not acceptable to 
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industry manufacturing. Many variables where taken into account to solve other 

aspects when modifying a ship hull to avoid unreasonable shapes.  

By that time the newly found combination of algorithm, flow code and parametric 

functionality where not enough, a combination of all these elements had to be pre 

thought to achieve acceptable results.  

Nowadays developments showed even higher results. An increase of 2% to 4% 

improvement on container ship hull that are deemed already optimized in a limited 

form variations with CFD and model tests in model basins, (Hochkirch and Bertram, 

2010). 

To conclude the optimization segment of this thesis the highest information retrieved 

from this is solemnly that the hull optimization depends entirely on tools used and the 

way they are applied regarding what’s available to the designer nowadays. 

Going back to the aim of this thesis and in order to have a sustainable and adequate 

analysis of the problem ahead (Ecologic, Hydrodynamic, Construction, Cost, Fuel, 

EEDI) and solve it, (avoiding any controversy in design process or inaccuracy of 

results), the way found was to see the ship as a set of design variables that provided 

the solution which would satisfy better certain relations (physical, technical, legal, 

economical).  

Although this methodology was more adequate than the previous sequential spiral 

method (Evans – Buxton- Andrews) the system of optimization and philosophy behind 

it regarding the old approach to preliminary design systematically created conflicts to 

optimal ship design because it contemplated single-cause-single-effect paradigm that 

is based in the Newtonian Science.  

The option was not to create an entirely new paradigm of the multi-objective system 

but to open an entirely new field and proven better ground of thinking towards ship 

design evolution. This proposed a new way emphasizing the wide range of complex 

interdependencies inherent to any design problem, highlighting the even more 

apparent inadequacy of the traditional spiral method, (Mistree et al., 1990). 

The previous approach was a linear process of market assessment stakeholder’s 

requirements and final ship project which was invariably deviating from design nature 

and from the life cycle of the ship. This implied a new tactic of triangular interaction 

supported multi objective assessment forcing to see the vessel has a life cycle 

transport system well adequate for the market fluctuation, flexibility towards the 

competition, uncertain behavior owner’s requirements, operational costs and 

environmental standards.  

Parametric modeling allowed the efficient development of optimal solutions to design 

problems with increasing competitiveness and success in shipbuilding. The 

contribution to ship design was observed in several fields like modeling of complex 

shapes, sophistication and effective shape generation reducing time spans 

exponentially, (Krömker and Thoben, 1996).  
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This parametric CAD optimization software’s can be classified in three different 

groups: conventional tools without parametric support, semi parametric capacity and 

fully-parametric.  

The non-parametric systems had serious disadvantages due to no ability of creating 

relations between parameters, exponentially rising the need for higher number of free 

variables snowballing the weight of the model and computing time, making it harder to 

tune the variables.  

The conventional design and its rigid characteristics has become an extremely 

consuming task and time demanding showing to be inadequate to the competitive 

market. 

The semi-parametric design allowed the designer to modify existing shapes by 

partially controlling certain parameters of the hull. New hull can be produced by 

advanced transformations, (Lackenby, 1950), or by distortion based on a given parent 

hull form. This method doesn’t change all the shape information as it only partially 

affects the existing geometry. However it’s still favored regarding the conventional 

design, as it can provide some variants in the initial design optimization process.  

The full parametric design allows to create and generate models from the initial model 

by having relations between the initial parameters from the parent design. This 

interaction enables creating hulls in a clean, quick and efficient way leaving the 

designer with comparing material and who can provide performance indicators almost 

instantaneously and provide a faster feedback to all the parts involved on the ship 

construction. Besides all the notable advantages also allows for a fast design start 

which consumes a short but important part of the design process, (Abt et al., 2003), 

(Schrage, 2008). 

Automated optimization suggesting that the computer do the busy work was merely a 

dream a decade ago. Nowadays even if the whole process is still not tuned it is 

possible to visualize how the future ship design will be from the formal process of 

finding the best solution from a set of feasible alternatives.  

Hull optimization can mean very different things and lead correspondingly to different 

results. There are some main elements in hull optimization that drive how close one 

may get to a hypothetical optimum. 

The unified formulation depends on the mathematic construction of the problem in 

respect to the following terms: 

 

o Model set up including Measure(s) of Merit, The objective function(s), i.e., 

criterion / criteria, by which a solution is assessed. The main obstacle resides 

in formulating the objective and constrains. If the designer is not certain about 

the objective it is certain that the machine will not acquire any valid result. 

Criteria must be defined also for obtaining ship resistance in order to have 

valid anchors to use has references in the optimization procedure. This will 
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help in the trading off compromises and helps the designer making up his 

mind on what is important for him in his design. 

 

o Design variation - Candidates or possible hull shapes need to be automatically 

generated. This will happen by changing automatically the values of the free 

variables or parameters. The lesser the number of variables the smaller the 

changes in the design.  

o Candidate evaluation - Objective functions like power requirements, EEDI and 

constrains like GM and freeboard need to be evaluated, by numerical 

approximations. Simple methods of evaluating are fast but maybe uncertain. 

Complex methods are more accurate but also more time consuming. 

Unfortunately the subject is even more complex because from experience it 

was noted that some methods may work well for certain ships and not for 

others.  

o Optimization Strategy - Powerful algorithms for global optimization are widely 

available. Most modern software’s easy implement evolutionary algorithms 

parallel to the mathematical set-up of the problem. 

o Free variables - The independent decision variables that can be modified 

directly and that uniquely describe the optimization problem. 

o Constrains - The restrictions imposed on the search space which reduce the 

possible combinations of free variables to those that are considered feasible; 

one may further distinguish bounds (i.e., upper and lower limits of each 

variable), equality constrains and inequality constrains. 

Regarding the level of control over the design the designer must choose the right 

approach, the detail and the number of parameters mentioned above. As more 

designers decide to avoid conventional methods and adopt higher level design 

techniques to take advantage of the CAD CAE features, they move towards 

parametric modelling categories and face the necessity for more advanced 

procedures to obtain the desired result.  

The search for a minimum or maximum of the measures of merit is the general idea 

of many optimization problems although they depend entirely on the previous 

configuration of the free variables and on their initial configuration making a further 

step in the formulation. The restriction of solution field and method of search has to 

be carefully chosen and assessed.  

The negative part about parametric modeling and optimization is that for higher 

precision and complex form assessment the complete mathematical model increases 

dramatically in difficulty and can be impossible to get accurate results. If the detail of 

the system chosen is not adequate, the situation even gets worst, (Harries et al., 

2001).  
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The designer is pushed to understand machine learning techniques or artificial 

intelligence. In this study, the search algorithms on the mechanics of natural selection 

are used according to the target problem. 

The use of Genetic Algorithms combined with a gradient based search techniques 

and utility functions for the design evaluation had to be understood. This Genetics 

Algorithms are essentially step by step procedures to resolve the problem and are 

based on genetic models. 

Following this procedure, the generic ship design optimization problem describes 

exhaustive multi-objective and multi-constrained challenge with least reduction of the 

entire real design problem. The Figure 7 represents this direct approach. 

 

 

Figure 7 – Holistic ship design optimization 

 

Computationally these are less complex, more powerful and can be connected with 

modeling software’s nowadays for input output post-processing analysis. They have 

also enabled the researchers to form different approaches of searching for the 

solution based on its requirements and specification, (Sivanandam and Deepa, 2007). 

 As previously mentioned the combination of search systems and modeling systems 

can produce a complete mathematical description of the hull via geometric 

optimization and solution field search, allowing effective shape variation by keeping 

selected parameters constant while adjusting others automatically decreasing time 

spam, and optimizing the selected merit measures without compromising the whole 

project at the same time. 
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This design oriented to parametric definition features high level descriptors of hull 

characteristics from naval architecture and it is helpful in preliminary ship design, 

decreasing time spans for more competitive market.  

Decision taking at early design stage fires the major expenses reducing upcoming 

costs being the ultimate goal of advance modeling to provide generic model for the 

entire ship including production and life cycle.  

With the introduction of high level descriptors from naval architect craftsmanship of 

geometric modeling the optimization of ships has become a complex procedure 

aiming performance thereby its value. Design language can be classified has a 

consistence level of subsequent procedures base on a wide range of abstraction 

levels.  

The model therefore, be classified in two distinct ways:the geometric description 

which is divided in three separate groups, topology of appearance topology of design 

and topology of representation; and specific properties description.  

The modeling approach is CAD-based geometric modeling using mathematically 

defined curves and surfaces.  

The evolution on CAD/CAE systems in computer technology begun after the 1960 

with the introduction of SKETCHPAD (1963), with the first graphical user interfaces 

and computer aided drawing. This was mainly used for controlled cutting. The 

simulation of the manual drafting continued with CAD systems around the 1970 and 

1980 with new and more advanced curve definitions like Bézier curves, B-splines and 

NURBS (Non-Uniform Rational B-Splines). Surface modeling only appeared after 

1990 and with it, hydrostatic and stability calculation, were made available as well as 

FEM, BEM and CFD analysis. 

In bottom line, the application of CAD-CAE software to hull design aims to greater 

quality and higher effectiveness regarding performance and efficiency leading to a 

greater overall result with extreme benefits on: 

 Less design time 

 Faster analytic results   

 Higher quality visualizations 

 Geometric manipulations made simpler 

 Job satisfaction increase due to visual and parallelism fast access  

 Integration between CAD and CAE 

 Wider range of design optimization techniques  

Integrated ship design includes, as mentioned before, parametric modelling, 

numerical analysis, simulations and optimization, requiring from the mathematical 

model a sustained and separated way of construction.  
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The model consists of free variables which have to be modified in a highly concerted 

manner. So the requirements of the mathematical exemplification are constituted by 

computer internal representation (CIR) built with the three topologies:  

 Topology of appearance, which provides the bridge between the owner and the 

manager establishing the main requisites of the project and particulars of the ship.  

 Topology of Design, with deeper characteristic studies regarding the genetic of 

the hull form and detail specifications usually made by a specialist like the 

hydrodynamicist.  

 Topology of representation, which upkeeps vertices coordinates and surface 

patches and its mainly reviewed by dedicated design team 

 

 

Figure 8 – Different parametric topologies (Abt et al., 2001) 

 

The design team responsible for the parametric procedure assesses the parametric 

curve generation process where the vertices of all B-splines curves are computed 

creating a fair composition of the hull such as the shape of the center plane curve.  

Once the basic curves are set, sections and skinning is performed by internal FFW 

algorithm.  Being based on entirely parametric principles the FFW modeler creates a 

user readable model file that will include parameters, objective functions, curve 

engines and other implemented features created by the designer to access other 

data, (Abt et al., 2001). 

The problem ahead will be partly or fully formulated in terms of parameters featuring 

internal relationships.  

Coupled with the design process is the design selection of the best solution out of 

many feasible ones base on a criterion. A systemic approach to ship design may 

consider the ship as a complex system integrating a variety of subsystems and their 

components. Therefore optimization is an iterative process that cannot be compared 

to a black box that yields the best solution by simple question asked, (Schrage, 

2008). 
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According to Horst Nowacki, “Design always contains an optimization problem at its 

core. The challenge lies in seeing it”  

 

The process of decision making facing several choices has to be done taking in to 

consideration specific criteria, constrains and restrictions established by the designer 

and environment. Decision making becomes a matter of considering the most rational 

choices on the desired objective and this is entirely connected to the list of options 

from which to choose from and how conscious and rational the designer is about the 

aim of the study, (Papanikolaou, 2010). 

Ship design is usual a clashing optimization problem involving multiple functions and 

constrains composed by many subsystems with high complexity. A naval engineer 

has a challenge with the multiplicity of options, requirements, stake holders needs 

etc. So solving all the sub-systems will systematically trigger interactions that must be 

synthesized and studied in order to construct the multi-criteria problem which will 

culminate in the final mathematical problem model for study.  

When applying multi criteria decision methods, interaction between systems has to be 

considered and this process may vary in the detail, size and complexity. Adding to 

this, it’s crucial to understand the weight of the restrictions regarding the final 

objective or objectives, (Nowacki, 2010). 

This process starts with a pre-processing phase. Once the parametric model is 

established a form parameter file is produced for the FFW. Then follows the 

optimization phase which is subdivided in three stages. Finally post-processing 

concludes all the sequence. 

On the first stage, the free variables and the form parameters are chosen along with 

their appropriate bounds. During this stage, designing the parametric model from 

scratch, or redesigning a known hull shape, is required in order to produce the first 

detailed description of the hull. In this phase are also reassessed the new input 

entries for the next optimization runs, initiating the DOE field of solutions. 

The second part consists on the exploration of the DOE and CIR by testing different 

optimization strategies and experiment different bounds (adjustments to constrain).  

This optimization part, besides being subdivided in three fragments, is complex and 

has several details. First it’s required to set up the optimization task in order to 

explore the design space with the right method according to the problem at hand. 

After that the FFW engine will start shape generation, parameter analysis (according 

to the constrain level), performance assessment and finally choose the new designs.  

From this fragment an intensive exploitation of the promising designs is executed and 

a repetition of the previous process starts with an addition of new possible solution 

search algorithms. In the following part a further exploitation of the variants recurring 
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to search algorithms that can be of two different natures such as deterministic and 

stochastic joint with a MOGA.  

On the post processing phase a selection of the best compromise is done followed by 

the parametric model of the final design and a detailed further analysis on the final 

project, (Abt et al., 2003). 

The optimization principles are set to achieve the most desiring value/properties for 

the set of optimization objectives. The alteration of the design and assessed entries is 

performed through the systematic variation of their distinctive parameters, while 

designs must comply with constrains. 

The generic targets of optimization are safety according to IMO regulation criteria, 

efficiency with the new requirement of EEDI and competitiveness with several merit 

measure variables. 

For more than ten years now, multi-objective optimization has been applied to ship 

design and there are several studies targeting a wide range of areas crucial in the 

sophistication of this complex process. This created a solution to avoid the lack of 

decision regarding design which was typically a choice of practicality (parent ship). 

Exhaustive multi objective and multi-constrained ship design procedures provide the 

means for the genetic type of optimization producing and identifying optimized 

designs through effective exploration of the large scale nonlinear design space and a 

multitude of evaluation criteria. 

The multi staged optimization procedure consists in first exploring and understanding 

the design space as well as its sensitivity regarding the methodology.  

In the use of genetic algorithms the formal optimization runs involve the determination 

of the number of generations and the definition of population of each generation to be 

explored. Then the generation designs are ranked according to a number of 

scenarios regarding the decision of the designer. One favored design is picked to be 

the baseline of the next run of optimization. When evidence is noticed that more 

potential can be extracted from a design it will be subjected to a more detailed 

optimization. This process is finished when the finding of a good solution (possibly the 

best) is acquired from a set of feasible alternatives. 

The first step of the multi staged process is the design of experiments (DOE) that 

aims at exploring the design space and optimization potential of the given design 

variables. In this work the Sobol was the selected design engine for the DOE. 

The Sobol is a quasi-random number generator which is beneficial to avoid local 

concentration having the variations well spread on the hyperspace field of solutions. It 

is mainly used in numerical integration, simulation and optimization. 

The Sobol sequence of points has been constructed so that very uniformly fills the 

multi-dimensional cube. These points are successfully used for systematic crude 

searching, as starting points for global search algorithms to optimize functions of 
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several variables, for computer aided statement of optimum design problems, (Sobol', 

1979). 

 

“The smaller the discrepancy, the better the spacing”,(Bratley and Fox, 1988). 

 

From the results of the DOE the boundaries and the design constraints are developed 

in order to have faster and more targeted future runs.  

On the next stage of optimization, a non-dominated sorting-based multi objective 

evolutionary algorithm is applied. This phase is called the global optimization. This 

approach is commonly known by the non-dominant solution.  

The non-dominant solution means that given two objectives, a non-dominated 

solution occurs when none of both solutions are better than the other with respect to 

two objectives. Both objectives are equally important (e.g. speed and price). 

The dominated methodology is when a solution ‘a’ is no worse than ‘b’ in all 

objectives, and solution ‘a’ is strictly better than ‘b’ in at least one objective, then 

solution ‘a’ dominate solution ‘b’. 

This portion of the design serves to acquire the main particulars from the design 

variables and refine the objective, its pure optimization on the basis of Darwin’s 

principle of survival of the fittest, using mechanisms such as cross-over, selection, 

mutation, elitism etc.  

During this part, a search will be conducted to the boundaries of the solution field 

aiming for the best feasible set of variables and objective functions values, being the 

boundary’s designated has the Pareto frontiers, that compromise the set of solution to 

an optimization problem for which none of the measures of merit can be improved 

without deterioration at least one of the other objective functions.  

Real- world problems have more than one objective function, each of which may have 

a different individual optimal solution, difference in optimal solutions corresponding to 

different objectives because the objective functions are often conflicting (competing) 

to each other.  

As of trade-off optimal solutions, generally known has Pareto optimal solutions named 

after the Italian economist Vilfredo Pareto (1906). We say that x dominates y if it is at 

least as good on all criteria and better on at least one.  

In contrast to the previous stage, the NSGA II is used for quantifying the variables and 

define the several objectives in order to optimize and reduce the solution field 

regarding its elasticity.  

The NSGA-II compared to EA’s has advantage because of the high computational 

complexity of O(MN^3) (where M is the number of objectives and N is the population 

size) showed by the previous. This large complexity arises because of the detail 

involved in the non-dominated sorting procedure in every generation. 
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The lack of elitism showed by the previous EA’s like the first version of the NSGA, 

increases the time and lowers the performance of the GA significantly. This produces 

by reaction the loss of good solutions because of time managing. In other words, the 

designer is sooner forced to choose when to stop the trials and by doing so, will 

eventually explores the solution field in a more superficial manner.  

The need for specifying the sharing parameter is a common weakness of 

conventional GA’s. The traditional mechanisms of ensuring diversity in a population 

so as to get a wide variety of equivalent solutions have relied mostly on the concept 

of sharing. The main problem with sharing is that it requires the specification of a 

sharing parameter. Though there has been some work on dynamic sizing of the 

sharing parameter, a parameter-less diversity-preservation mechanism is desirable. 

So, non-dominated sorting-based multiobjective (MOEA), called non-dominated 

sorting genetic algorithm II (NSGA-II), relief all the above three difficulties mentioned 

above.  Simulation results on difficult test problems show that the proposed algorithm 

for this stage of the optimization (NSGA-II), is able to find much better spread of 

solutions and convergence near the true Pareto-optimal front, (Deb et al., 2002). 

The trial and error is now being decreased and the typical spiral method used for ship 

design is, in the worst cases, reduced to fewer iterations.  

Software and hardware capacities were also improved due to new tools, aiming areas 

such has hydrodynamic efficiency with parametric coupling with CFD software. This 

also allowed further analysis regarding the theme of this thesis, EEDI optimization 

and the creation of strategies for more detailed local modifications to hull and its 

effects.  
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3. Vessel under analysis 

The vessel selected to be the focus of this thesis is a modification of a previous FFW 

model of a container carrier. This new version has the main particulars of the actual 

4
th
 generation panamax container ship, (Figure 9), acquired from a database study, 

plus several new features and control parameters giving the designer more power 

under the developments of new hull forms and local shapes.  

 

 

Figure 9 –Geometric plan initial ship 

 

In order to have a preliminary ship design phase there were some critical steps to 

follow. 

First, a serious evaluation of the ship main requirements was defined including the  

type and objective function. Next from available publications and databases, size, 

speed, deadweight other important attributes where assessed in order to build the 

initial baseline from similar ships viewable on Figure 10 to 14. 

After choosing the ship, the main naval architecture lines had to be validated 

regarding their geometric conversion to code language on the software. This 

verification was needed to have a clear reproduction of the ship form and type. The 

main curves such has flat of bottom, flat of side, bow contour had to be verified 

regarding the actual geometric details of the container vessel in actual service. The 

main particulars by themselves weren’t enough to discretize the shape.  

From this data base were also retrieved trend lines to validate the results of the 3D 

geometric production. During the design stage, conformity had to be obtained from 

what was being designed to what actually exists.  
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Figure 10 – Main Engine Output vs TEU capacity 

Figure 11 – Service Speed vs TEU capacity 

Figure 12 – Block Coefficient vs TEU capacity 

Figure 13 – Tonnage Deadweight vs TEU capacity 

Figure 14 – Lightship vs TEU capacity 
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In the table 1 is presented a sample of the information compiled in the ship database. 

 

Table 1 – Example ship database 

Name Built Owner GT TDW KW Speed LOA LPP B T D TEUS 

Pusan 
Senator 

1997 Norddeutsche 53324 63551 41040 23,7 294,12 263 32,2 13 21,8 4571 

Luhe 1997 
Luhe Shipping 
Inc 

65140 69285 43698 24,5 280 264 39,8 14 23,6 5250 

Nyk Antares 1997 
Orion 
Shipholding SA 

75637 81819 53300 23 299,9 267 40 14 23,9 5700 

OOCL San 
Francisco 

2000 
New Container 
Nº9 Shipping 
Inc 

66677 67286 55659 25,2 277,35 283,2 40 14 24 5714 

Ming Plum 2000 
Yang Ming 
Marine 

64254 68300 55703 25,9 275 283,8 40 14 24,2 5551 

Sea Land 
New York 

2000 
Costamare 
Shipping 
Company 

74661 81500 57866 25,8 304 292 40 14 24,2 6252 

MSC Stella 2004 
Mediterraneam 
Shiping 

    57100 25,08 303,92 292 40 14,5 24,2 6402 

Maule 2010 
Companhia 
SudAmericana 

  81000 57200 25,3 305,6 293,16 40 14 24,2 6589 

  

The container vessel has the following starting characteristics: 

 

Table 2– Initial main particulars 
      

GT 31129 Gross Tonnage 

TDW 46527 
Tonnage 

Deadweight 

KW 24366 Power [kW] 

VS 20 
Design speed 

[knots] 

Lpp 270 
Length between 

perpendiculars [m] 

B 32 
Maximum breadth 

moulded [m] 

T 12 Design draft [m] 

D 25 Depth [m] 

TEU 4200 Container capacity 

∇ 69134 volume [ton] 

CB 0.65 Block coefficient 

 

The major ships hydrodynamic design parameters such as speed, length, breadth 

and depth depending on container quantity, draft, B/T ratio, prismatic coefficient are 

considered. 

 

 

Figure 15 – Container vessel initial stage longitudinal view  
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Figure 16 – Container vessel initial stage bottom view 

 
 

 

Figure 17 – Container vessel initial stage transverse view  
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4. Design parameter analysis 

In order to carry on this study on the EEDI a parameter analysis was made with the 

purpose of measuring the effect that some critical parameters provoke on EEDI and 

validate all the code features developed during this study.  

The EEDI is represented against each other parameter plus the effective power 

versus displacement curve. Since the EEDI is proportional to the power when SFOC 

and speed are constant EEDI attained curve should have the same trend line as the 

effective power displacement.  

The dependency of all the parameters has to be considered regarding the EEDI as 

the ship design parameters and coefficients are interlinked with individual parameters 

on EEDI coding. 

On the next sub chapter, are presented the design of experiments regarding several 

of the most important parameters of the ship and fixed charts regarding the major 

ship design parameters.  

The fixed variable charts only have the EEDI and the respective variable active 

maintaining fixed all the other parameters of the random alteration created by the 

Sobol algorithm. These charts contain only a sample of the region in study with the 

aim of obtaining a physica position from the variable from the possible solutions. 

The objective of having both charts helps the reader to see clearly behind the fog of 

results created by the 500 variants of the Sobol distribution that in certain cases isn’t 

conclusive regarding the direction of certain parameters. 

 

 

Table 3– Evaluation parameters 

Parameters 
Speed Length Beam Depth Draft B/T L/B 

Block 

Coefficient 

(V) (L) (B) (D) (T)     (CB) 

 

 

 

 

4.1. EEDI versus the Ship Design Parameters 

In the following sub chapters the ship design parameters will be analyzed in range 

and in trend. This analysis serves to help the reader to have a closer look at each 

design parameter and to some important relations between variables, having enough 

information to calibrate the following stage of optimization. During the following sub 



25 

chapters, figures will be presented figures with free parameter variation, in the design 

intervals defined, and also fixed variation in relation to the attained EEDI.  

4.1.1. Variation in vessel speed 

On the Figure 18 the reader can see the dispersion of solutions regarding the free 

design parameter variation on the Sobol algorithm. Each dot represents a feasible 

ship that respects the constrains imposed. It’s clear that in Figure 18, a trend is 

observed, even when analyzing the attained EEDI and the speed without fixing all the 

other parameters. This was not observed in other cases so auxiliary figures with fixed 

parameters had to be created. Although it may be confusing it was proven useful to 

create this figures because it allowed to analyze horizontally the number of solutions 

with the same EEDI for a single ship, or in the other hand, how could vary the EEDI 

between the variants for the same speed. This fact could be associated with how rigid 

was the parametric model and how far could the designer go. 

The results for the change in the EEDI with consideration to ship design and speed 

are shown on the Figure 18: 

 

 

Figure 18 – EEDI and speed for each vessel of DOE 

 

Some of the direct conclusions observed from the figure are: 

-  Speed has a significant impact on the EEDI 

- An increase in speed increases the attained EEDI drastically  

- For the same speed different values are obtained for EEDI due to 

different DWT of the variants 

- The higher the speed the higher the interval for minimum and 

maximum EEDI values. 
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4.1.2. Variation in length 

By analysing the design space regarding the length of the vessel its observed a low 

reduction on the attained EEDI when the length is increased. This decrease isn’t clear 

to be observed on the solution dispersion showed by the Figure 19, so a fixed 

variation figure was created. 

The results for changing EEDI regarding the length of the variants are shown in 

Figure 19 and Figure 20: 

 

 

Figure 19 – EEDI and Length for each vessel of DOE 

 

Figure 20 – EEDI and Length for each vessel of DOE fixed variation 

 

On the Figure 20 it is clearly observed a negative slope, showing that the attained 

EEDI decreases when the length parameter rises.  

In the end the following characteristics are noted:  
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- Length affects the EEDI regarding the high impact on the ship 

resistance 

- Logically an increase in length reduces the EEDI 

- A substantial decrease in the attained EEDI is noticed from a certain 

increase of length 

- The EEDI varies almost linearly with the length. 

 

4.1.3. Variation in beam 

By analysing the design space regarding the beam of the vessel it’s observed a 

reduction on the attained EEDI when the beam is increased. This decrease isn’t clear 

to be observed on the solution dispersion showed by the Figure 21, so a fixed 

variation figure was created. 

The results for changing EEDI regarding the beam of the variants are shown in Figure 

21 and Figure 22: 

 

Figure 21 – EEDI and beam for each vessel of DOE 
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Figure 22 – EEDI and beam for each vessel of DOE fixed variation 

 

- An increase in beam decreases the EEDI 

- Beam has a significant impact on cargo so its increase reduces 

EEDI 

- The EEDI linearly decreases with the increase of the beam 

dimensions.  
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4.1.4. Variation in depth 

By analysing the design space regarding the depth of the vessel there is no visible 

effect on the attained EEDI. The depth maintains a constant value, although when 

fixing the other design variables, an increase in depth shows an increase in the EEDI. 

This appearing increase isn’t accountable because of its low effect. 

The results for changing EEDI regarding the depth of the variants are shown in Figure 

23 and Figure 24: 

 

 

Figure 23 – EEDI and depth for each vessel of DOE 

 

Figure 24 – EEDI and depth for each vessel of DOE fixed variation 

 

- An increase in depth increases the EEDI 

- The depth variation doesn’t create any difference in EEDI ratio 
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4.1.5. Variation in draft 

Regarding the variation in draft it’s possible to analyse a decrease in the attained 

EEDI when the draft increases. This is viewed on the DOE and the auxiliary figure 

with fixed parameters. Although rising draft increases resistance to ship advance the 

ratio to cargo, emissions and power, outputs a reduction on the EEDI index. 

The draft has extreme impact on the EEDI, like the speed, because of its influence on 

propulsion and cargo in hold capacity.  

The results for the change on the draft are shown in the Figure 25 and Figure 26: 

 

 

Figure 25 – EEDI and draft for each vessel of DOE 

 

Figure 26 – EEDI regarding the draft of the DOE fixed variation 
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- Increasing draft decreases the EEDI 

- Draft has a weighted impact on the EEDI  

- The increase of draft means higher displacement that is directly connected to 

cargo gross tonnage creating a reduction on EEDI 

 

4.1.6. Variation in CB 

As it was expected when increasing the block coefficient the EEDI increases. 

Although by increasing the block coefficient one may have more cargo space, by the 

expression of the EEDI algorithm primacy is given to the impact on resistance by 

increasing the block coefficient. 

The results for changing EEDI regarding CB are shown on Figure 27 and Figure 28: 

 

 

Figure 27 – EEDI regarding the block coefficient of the DOE 

 

Figure 28 – EEDI regarding the block coefficient of the DOE fixed variation 
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- CB has a significant impact on EEDI 

- The increase of CB  increases the EEDI 

- The EEDI shows linear evolution with the CB 

 

4.1.7. Effective Power/Displacement curve  

The Effective Power Displacement curve is plotted against the attained EEDI to 

observe if the attained EEDI is proportional to the effective power(Kw)/ 

Capacity(Tonne), when SFOC is constant. On the Figure 29 is clear that the EEDI 

curve should have the same trend line has the Effective Power Displacement curve. 

 

 

Figure 29 – EEDI regarding the Effective Power Displacement 

 

- Power versus displacement curve follows the attained EEDI trend line 

- The EEDI doesn’t contradict the hydrodynamic rules of naval architecture 
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5. Parametric Model 

The tool used in this project the FFW, features a fully parametric shape descriptors 

and it is able to generate hull forms in a 3 step process: creation of B-splines, curve 

generation by curve engines and surface creation following the process on Figure 30. 

 

Figure 30 – FriendShip framework stage process 

 

The first step consists in the production of a flexible set longitudinal curve from 

parametric input. The second step is the creation of a skeleton of transverse curves 

according to the parametric information contained in the basic curves. And finally the 

third step consists on the building of a fair set of surfaces interpolating the transverse 

curves parametric redesigning the existing curves. 

In order to be able to model any kind of ship it is required to have a mathematical 

model discretizing the hull form. Depending on the detail and aim of the project, the 

model in question may be partially or fully parametric. It’s also crucial to understand 

that the technic associated to the development of a better hull of a certain class is 

connected to the ship type. This means that in order to develop a better 

containership, for instance, it’s necessary to follow the typical characteristics of the 

forms and curves of the container carrier vessels.  

It’s understandable that a parent form for all kinds of ships is yet to be discovered or 

even maybe impossible to produce.  

Regarding this and at a very early stage of this work it was necessary to establish the 

kind of ship that would be under study and the degree of detail the mathematical 

description of the hull that would be undertaken.  

Using FFW, a generic model of a containership was chosen and studied to assist the 

needs of this study. This required the designer to introduce some alterations on the 

form parameters and curves. It was also need to freeze bulb design which largely 

evades the capabilities of the designer and exaggeratedly expands the theme of this 

project in complexity, and its own full existence, matter for another entire study with 

need for more advanced tools regarding CFD analysis and model testing.  

As it was mentioned on the previous chapter, parametric modelling allows efficient 

development of optimal solutions to design problems. Although in theory it would 

make sense the designer pressing a button and acquiring a close to perfect result, or 

at least the best from a field of solutions, it’s still not a one man job and the level of 

skills needed to be acquired by the user includes the computational geometry, naval 

architecture and programming.  

Function curves 
Feature definition 

Curve engine Meta surface 
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So in order to profit from such studies, at least in acceptable time span, is necessary 

to have a skilled team partially working in each area or have smaller partially 

parametric solvable problems with less precision and lower scientific challenges. This 

was the highest obstacle during this thesis. 

The geometric design of ship hull form consists of several sequencial procedures 

based on a wide range of abstraction levels. The description of specific properties of 

a ship may vary from a global characteristic, like the class, to a mathematical detail, 

like the forward body flat of side tangent value to the deck encounter. This high level 

of description required a tool at the same level.  

Container ship design is entirely connected to the actual container dimensions, plus 

some extra spaces like double bottom, double sides, or bay spacing. Although the 

shape of this hull is more slender than regular cargo vessels such as tankers and 

bulkers, because of its higher Froude numbers during the last years and requirements 

such as the EEDI, the typical operational speed was lowered to meet these requests. 

Therefore capability to change the typical designs and executing formal optimizations 

were required.  

The software tool was originally developed for advanced ship design and 

optimization. It brought some novelties to the field with new types of curves and 

mathematical definitions for surface topologies and hull forms. Later on it became 

more powerful regarding optimization including software connection with built in 

algorithms.  

 

Figure 31 – Modelling environment and functions curves 

 

The parameterization is implemented on the basis of a user readable, marine design-

oriented model file  which features DIR visualization (Figure 31) organized by a tree 

diagram of the parameters functions and features that in a hole constitute the model.  
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The core of this methodology is the geometrical model which is a group of parametric 

sub-surfaces modelled inside the software following the design philosophy of holism, 

meaning that the whole isn’t simply the sum of the parts but also their interaction.  

The fully parametric hull model was developed for typical containership forms. The 

model is divided into forebody and aftbody. The aftbody is constituted of one single 

parametric surface (Figure 32) while the forebody is a sum of several parametric 

surfaces. (Figure 33) 

 

 

Figure 32 – Aft part of the hull  

 

 

Figure 33 – Forward part of the hull 

 

The basic curves depend on a set of global variables and some local variables that 

influence only small regions. The shapes of the basic curves are controlled by 

specifying the tangents at their start and end positions,  as well as specific areas 

between the curve and an axis of reference. (Figure 34,35) 

 

 

Figure 34 – Aft part generation function curves  
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Figure 35 – Forward part generation function curves 

 

It´s important to refer that the software also integrates an environment for optimization 

which offers strategies for the deterministic and stochastic search of the design 

space. This part of the work will be explained in the next chapter along with its 

structure and sequence of the rank stage optimization adopted. 

 

5.1. Geometric generation  

As mentioned before, a mathematical model of the entire hull had to be built in order 

to be able to create a systematic variation of the hull forms. Using the internal design 

oriented language of the software, all the computational geometry had to be 

converted into the feature definitions of the program.  

In order to understand the base mechanism of conception inside the software, it is 

crucial to separate and recognize the tools at hand. The main tools to create any 

parametric surface inside the FFW are the following:  

Feature Definition: where the recurrent design task is encapsulated with a user 

defined command sequence written in the programming language, where the 

designer can also analyse the abstract description of a complex parametric curve that 

is then used in the context of the tool, the curve engine.  

The curve engines: are key objects in the design process of blending surfaces 

meta surface and generic blades. Basically the curve engine combines a template 

curve definition with a continuous description of this definition. The templates, 

formulated as feature definitions, describe curves by means of their configurable 

parameters. Then the curve engine takes this definition and connects the parameters 

with a functional description of them, i.e. distribution or function. This means that for 

each abscissa value in the interval of the functions a curve can be generated where 

the information stems from the input functions. This is the reason for the declaration 

of a coordinate system which relates to the functions of the parameters. 

The meta surface: is the most flexible surface type of CAESES/FFW it lets the 

user design its own surface parameterizations based on arbitrary complex curve 

descriptions. The presented generation technique leads to surface shapes with high 
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fairness characteristics and provides a powerful tool for creative designers of 

functional surfaces.  

 

It’s necessary to acknowledge that the design and creation of parametric model with 

the FFW requires complete understanding of this three main mechanisms The 

process to generate the several parametric surfaces begins with the creation by the 

code built-in, of the feature definition describing an Fstring section with parametric 

definition attribute to its characteristic as a curve. 

The first curve and also design origin is in this case the main section,(Figure 36,37). 

This curve is the sum of the bottom, bilge and side curve that are all NURBS curves. 

Their sum and following parameterization will mathematically describe the curve at 

each longitudinal position for the engine that it’s assigned and it’s defined, in this case 

in the plane yz. 

The main frame requires a set of essential parameters (vector of design variables) as 

input. Most of these parameters are common naval architecture dimensions like the 

beam, depth, and draft, size of bilge height and width, deadrise and flare angles.  

 

 

Figure 36 – Main Section and main cargo section  

 

 

Figure 37 – Main Section parametric Curve 
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As it was mentioned before, the main particulars of the container ship are defined by 

integer parameters: number of bays, number of rows, number of tiers, resulting on the 

final dimensions of the vessel respectively. 

Then, function curves are created to describe the section input parameters along the 

length of the hull. To connect this information, it is required the use of curve engine. 

Next, the curve engine is configured and a meta surface is assigned to it following the 

same project philosophy.  

The meta surface technology applied is the key to the geometry of all the surfaces 

being produced although all the process begins with a feature definition. As said 

before, the feature definition is a pre-programmed module that can draw a cross 

sectional curve of the surface to be built. Working with fully parametric surfaces, the 

designer may vary the input parameters to produce the subsequent cross sections 

curve. Such input represents the parameter vector along a specific length.  

Several functions where previously developed to satisfy this need and can be 

modified at any design stage if required. They may serve to represent any geometric 

characteristic or be connected with a specific physical attribute of the vessel. Its 

domain is defined so that in the end a parametric surface is created inside the wanted 

range.  

After the function curves are constructed a curve engine runs the feature definition 

from that region, developing the sectional curve in the assigned interval. 

The repetition of this process along the several parts of the hull requires the 

productions of various feature definitions according to the local configuration of the 

surface as well as the domains.  After all surfaces are connected together it will finally 

represent a complete hull that will generate unique solutions contemplating the 

outmost various configurations of variables.  

This will function on the same platform of parameters, either global or local due, to the 

interaction with variation along hull length functions of geometric and scientific 

properties.  

 

5.2. Code description  

In order to understand the commands mentioned before and the design methodology 

applied to the resolution of the parametric model, a detailed description of the 

construction of the aft part of the model will be presented, step by step.  

As said before, to create a parametric surface of any part of the hull its first necessary 

to develop a parameterized curve or section. In order to do this the designer must 

produce a feature definition with the code to describe the geometric property of the 

curve and allow the same code input of outside data, like parameters or functions. To 

create the section that would be used for the forebody, it was necessary to produce 

two FLine definitions and one F-Spline curve that in conclusion are joined together 
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and named ‘section’ as a polycurve followed by the command setParametrization with 

unit speed definition.  

The two FLines are the bottom and side curves of the main section. Each of these 

curves are defined by the start and end points that are set by Fvector command wich 

is the basic vector of the FFW. The bottom line starts at a generic [x,0,keel] and ends 

at [x,fob,keel]. As it can be observed, the feature definition is made to accept data 

from fob and keel functions at the x position. This will be a recurrent way of 

associating genetic entities through all the code. The side line is represented by 

[x,halfbeam,fos] and [x,halfbeam,heigh] vectors. The bilge line is defined by a F-

Spline characterization. The F-Spline is a fairness-optimized curve of CAESES/FFW. 

In terms of a specified principal plane (2D) it allows to set the starting and terminating 

positions with their tangents as well as settings for the curve's area and centroid 

values. These values always refer to the current plane and its abscissa and ordinate. 

The generated curve fits the requirements and features a high fairness. The starting 

points of the bilge curve are defined by the end point of the bottom curve and the start 

point of the side curve. In order to systematize the acquiring of these points, it is used 

the command getpos(). After this, it’s necessary to attribute several references to 

conclude the use of the F-Spline definition. It’s necessary to set a plane of reference 

where the curve is going to be drawn using the setActivePlane() instruction that in this 

case is the yz plane. Afterwards using the setStartTan and setEndTan the value for 

the angle tangent for the connection of the extremes os the bilge curve is defined as 

well as where the normal towards the plane where the area of the curve will be 

projected. The last required definition in order to build of the bilge curve is the area. 

To do this setAreaValue command is used and it’s calculated by flat of side curve 

multiplying by the subtraction of flat of side curve by the keel plus the subtraction of 

the parameter halfBeam subtracted by the flat of bottom multiplying by the 

bilgeFullness.  

The last phase of the feature definition for the main section is the sum of all the 

curves, bottom bilge and side and the application of the command setParametrization 

which is of interest due to the input for the surface generation come from the shape of 

the curve. All the arguments inside the code, x, keel, fob, fos, halfBeam, height are 

categorized as position. Only the bilgeFullness is labeled auxiliary and its designer 

chosen.  

For the implementation of the curve engine the declared definition is used. In this 

case the definition bareHullSection is invoked and afterwards the base curve named 

section is applied in accordance with the coordinate system which in this case is Z –

(X,Y). Subsequently the functions that produce the parameters for the curve engine 

are applied. As mentioned before the construction of this functions is crucial for the 

development of the parametric generation of the surface giving distinct values for 

each position of the sections generated. For the construction of the aft body are 
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required several functions namely the flat of side, flat of bottom, center plane curve, 

keel and the function forX. 

The last function mentioned, is a FGenericCurve. This entity represents a generic 

curve type which can contain arbitrary coordinate definitions for x, y, and z. This 

definition has to be formulated by means of a curve parameter which ranges from 0 to 

1. This function will subdivide the range where the curve engine will operate which in 

this case is from middle ship till the transom.  

The next function used is the keel function. The zz coordinate from the keel will create 

the profile rise of the aftBody till the transom. Next the yy coordinate of the flat of 

bottom is used to define the profile of the bottom. The following function is the flat of 

side zz coordinate which in this case will be used to define the side body along the 

hull, directly affecting the side line. The last two positions to input on the curve engine 

are two global parameters, the halfBeam and the height. 

The previous explanation simply describes the application of the functions but doesn’t 

reveal how they were build. Although it’s purely geometric drawing a brief explanation 

will follow.  

In naval architecture characteristic curves like the flat of bottom (fob) flat of side (fos) 

deck curve (deck) bow contour are widely used for hull design as well as properties 

curves like the sectional area curve (sac). The construction of these curves in the 

FFW is a simple geometric process of assigning points and choose the most 

appropriate curve to define it from the CAD menu. It’s important before designing 

these curves to have a good data base regarding the ship for what is supposed to be 

modeled in this parametric instrument. For instance, analyze the flat of bottom curve 

of several container ships and then choose or adjust a similar genetic curve from the 

ones before, or choose a parent ship and remove an approximate curve, in order to 

have a starting ‘point’ in this case a curve where to design from.  

The flat of side curve is defined by FSpline definition, which requires a end and 

starting point as well as the area centroid. To establish the starting point the transom 

longitudinal is used as well as it the height. The second point is longitudinal position 

by the xx of the main frame and the zz coordinate is acquired by the bilgeHeight. The 

area is configured according to regular shapes for the aft body of container ships. In 

this case a second degree curve is produced by internal formulae and the 

multiplication by an induced parameter user defined named fosFullness. The name of 

parameter determines exactly its affectation and is chosen by de designer 

accordingly. The flat of bottom creation comes from a similar process with different 

dependencies. Due to the fact that the aft part of the flat of bottom curve is of 3rd 

degree it is necessary to have 3 points to describe it and two FSpline curves joined 

into a poly curve.  
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The last significant curve to the development of this surface is the center plane curve 

which basically gives the xz profile of the ship or, in other words, the rise of the aft 

part from the flat of bottom plane till the lower part of the transom.  

Following the creation of the required parameters and functions and allocating it at 

the curve engine, the final step to create the parametric surface is to establish the 

FMetaSurface definition. To set the definition, the designer has only to define the 

engine and set a start and an ending point where the surface will be generated. The 

designer can also define the NURBS representation between cubic, auto cubic, 

skinning, and none. To conclude, the forward part of the hull is made on the same 

platform as the aft part, with more complexity due to more complex shapes regarding 

bow and the bulb.  

 

5.3. Created features 

In order to assess the characteristics of the generated ship hull, in coded features had 

to be created.  

These features are allocated in the scope named codes, generated to separate the 

designer built features from the design features input. These features are built to 

obtain certain naval architecture relevant information about the hull like hydrostatics 

resistance and energy efficiency parameters, (Figure 38). 

 

 

 

Figure 38 –Codes and design process 
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A brief description of the previously mentioned codes will follow. 

 Hydrostatics 

On the FFW pre produced features separator for hull design the designer has the 

module for hydrostatic computations. Although previously prepared for the user to 

acquire fast results regarding all the new designs variants, the surface must be 

uncorrupted and sections define the geometry correctly. The sections are obtained 

from the CAD module on the offset command but have to be after transformed on an 

offset assembly.  

On the scope the designer has two principal features: first called ‘Displacement’ 

second ‘SW’ and they both use has input the transverse section till the draft waterline. 

As output, the designer has at hands for every variants instantly for parallel analyses 

and optimization purposes, if it wishes, the values of: maximum draft waterline area, 

displacement and correspondent volume, waterplane longitudinal inertia, waterplane 

transverse inertia, transverse metacentric height above molded base, vertical position 

of the center of buoyance, longitudinal position of the center of buoyance.  

These features will provide the necessary hydrostatic data to be used in the other 

stages of the design.  

On the same scope, another feature called offsetdata analyses the offset data from 

the hull geometric form it generates the base i.e. characteristic curves for a given 

offset group.  

 

 

Figure 39 – Sectional area curve  

 

The following curves (Figure 39) are getting generated: flat of side (fos), flat of bottom 

(fob), design waterline (dwl - depending on a given draft), center plane curve (cpc), 

deck curve (deck) and sectional area curve (sac - depending on a given LPP) as well 

as flare (tangent angle at draft). The offset group as required input data should be 

designed on baseline. 
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Figure 40 – Flare Curve and flat of side curve 

 

With sectional area curves, other studies are currently being conducted applying the 

Lackenby method but in this case the LCB correction wasn’t required to the target of 

this study that essential revolves in the search for the adequate hull form for the best 

EEDI.  

 

 

Figure 41 – Center of areas (SAC) 

From this figure is possible to identify the centroid of the sac curve as well as the flat 

of bottom, dwl curve and the respective deck and flare curves projections on the zx 

axis. In this variant, it’s situated 9% aft the middle of the length between 

perpendiculars. 

 

 Resistance and Propulsion 

In order to have an approximation to the hull resistance and the required propulsion it 

was used the empirical method of Holtrop & Mennen (Holtrop and Mennen, 1982). 

For this purpose the code had to be computed into the software language by the 

creation of a feature. Usually in more advanced studies regarding the friendship 
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framework CFD codes are used. The FFW has pre formed connections to 

SHIPFLOW and OpenFOAM. 

In order to proceed ha to be accepted some lack of precision regarding this area but it 

was required a way of calculus to be able of estimating the Energy Efficiency Design 

Index. 

On the feature definitions HM feature is found the values for the auxiliary is obtained 

by the empirical formulas advised by Papanikolau, Ship design.  

 

• EEDI 

The Energy Efficiency Design Index was also computed into a feature so for every 

new variant the designer can immediately compare the values. The method for 

calculating the EEDI is obtained from the guidelines on the method of calculation of 

the attained Energy Efficiency Design Index, (IMO, 2012). The calculus is given by 

the equation 1. 

 

𝐸𝐸𝐷𝐼𝑎𝑡𝑡𝑎𝑖𝑛𝑒𝑑 =
𝐶𝑂2𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛

𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑤𝑜𝑟𝑘
 

=
𝑃𝑜𝑤𝑒𝑟 ∗ 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐹𝑢𝑒𝑙 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ∗ 𝐶𝑂2𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 ∗ 𝑆𝑝𝑒𝑒𝑑
 

=

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 𝑀𝑎𝑖𝑛 𝐸𝑛𝑔𝑖𝑛𝑒 + 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 𝐴𝑢𝑥𝑖𝑙𝑙𝑖𝑎𝑟𝑦 𝐸𝑛𝑔𝑖𝑛𝑒 
+ 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑜𝑟 𝑟𝑢𝑛𝑛𝑖𝑛𝑔 𝑠ℎ𝑎𝑓𝑡 𝑚𝑜𝑡𝑜𝑟 − 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑇𝑒𝑐ℎ. 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 ∗ 𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑆𝑝𝑒𝑒𝑑
 

= [(∏ 𝑓𝑗

𝑛

𝑗=1

) ∗ (∏ 𝑃𝑀𝐸(𝑖) ∗ 𝐶𝐹𝑀𝐸(𝑖) ∗ 𝑆𝐹𝐶𝑀𝐸(𝑖)

𝑛𝑀𝐸

𝑖=1

) + (𝑃𝐴𝐸 ∗ 𝐶𝐹𝐴𝐸 ∗ 𝑆𝐹𝐶𝐴𝐸)

+ ((∏ 𝑓𝑗 ∗ ∑ 𝑃𝑃𝑇𝐼(𝑖) −

𝑛𝑃𝑇𝐼

𝑖=1

𝑛

𝑗=1

∑ 𝑃𝐴𝐸𝑒𝑓𝑓(𝑖)

𝑛𝑒𝑓𝑓

𝑖=1

) ∗ 𝐶𝐹𝐴𝐸 ∗ 𝑆𝐹𝐶𝐴𝐸)

− ( ∑ 𝑓𝑒𝑓𝑓(𝑖) ∗ 𝐶𝐹𝑀𝐸 ∗ 𝑆𝐹𝐶𝑀𝐸

𝑛𝑒𝑓𝑓

𝑖=1

)] ∗
1

𝑓𝑖 ∗ 𝑓𝑐 ∗ 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 ∗ 𝑉𝑟𝑒𝑓 ∗ 𝑓𝑤

 

=

𝑘𝑤 ∗
𝑔𝑓𝑢𝑒𝑙

𝑘𝑤ℎ
∗

𝑔𝐶𝑂2

𝑔𝑓𝑢𝑒𝑙

𝑇𝑜𝑛𝑛𝑒 ∗ 𝑘𝑛𝑜𝑡𝑖𝑐𝑎𝑙
𝑚𝑖𝑙𝑒

ℎ

 

𝑔𝐶𝑂2

𝑇𝑜𝑛𝑛𝑒 ∗ 𝑘𝑛𝑜𝑡𝑖𝑐𝑎𝑙 𝑚𝑖𝑙𝑒
 

The calculated EEDI for a ship will be called the attained EEDI. This attained EEDI 

must be less than the reference EEDI or reference line. This reference is computed 

as follows:  

𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑙𝑖𝑛𝑒 𝑣𝑎𝑙𝑢𝑒 = 𝑎 × 𝑏−𝑐 

(1) 

(2) 
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Where a, b and c are the parameters given in table 4. The reference line is based on 

the vessel database of Lloyd’s Register Fairplay. Figure 42 gives the reference line for 

container vessels as per Lloyd’s Register Fairplay database. The present EEDI rules 

will be more stringent in different phases. Table 5 shows the phase in scheme for 

reduction of required EEDI for different ship types. 

 

Table 4 – Reference requirement for EEDI 
        

Ship type 
defined in 
regulation 

a b c 

Container 174.22 DWT 0,201 

 

 
Figure 42 - EEDI requirement line regarding DWT, (Fair play database) 

 

Table 5– Phases for EEDI requirement 

Ship Type Size Phase 0 Phase 1 Phase 2 Phase 3 

 (DWT) 01.01.2013 to 01.01.2015 to 01.01.2020 1.01.2025 to 

    31.12.2014 31.12.2019 31.12.2024 and onwards 

Container Ship ≥ 15000 0 10 20 30 

  10,000 - 15,000 n/a 0 - 10* 0- 20 * 0- 30* 

 

 

 TEU and Container Feature 

During the progress of this study and the development of hull form, it was clear that 

although the main theme of this thesis was to improve the EEDI, it was also in fact 

crucial to understand the feasibility of each design regarding operation and cargo 

capacity. Concerning this, attention was given to the cargo capacity of the container 

vessel under analysis. Having the main particulars of the ship dependent of the tiers, 

rows and bays of cargo from the ship, the sequence of project was always 
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considering if in fact the ship was feasible regarding stowage and if it could be 

allocate in a class of container vessels. 

To have a reference regarding cargo, the parametric model built was connected with 

a new feature to design inner cargo spaces and then a second geometry was 

implemented on deck to have an approximation on the number of container present 

either in cargo hold space and on deck. The containers where calculated from 

empirical formulas and also from directly measuring the model that was possible by 

the design of the inner cargo hold previously mentioned. 

The main particulars of the design were assigned as a function of the number of tiers, 

rows and bays of the ship. The pile of containers on deck, as it is shown on Figure 43 

and 44, were limited by the visibility from SOLAS (Chapter V, Reg. 22—Navigation 

bridge visibility). 

 

 

Figure 43 – Visibility cargo line 

 

 

Figure 44 – Visibility cargo line 

 

In this work it was not possible to create a parametric feature that would calculate the 

position of this line parametrically. On further works it may be developed a new 

feature for a study regarding container stack optimization problem.  

 Lightship Approximation Feature and DeadWeight assumption 

The LW approximation is a key part of the preliminary design. The LW is obtained 

from a feature based on empirical estimation of weights regarding the fact that in 

order to have a complete description of material quantity, outfitting, machinery and 

superstructure a hole entire project study had to be developed. For this reason, the 

main categories on this feature where the weight of hull structures, weight of outfitting 

and weight of machinery, that were obtained using updated empirical formulas from 

several authors. 

All the data acquired is compiled on the Annex A together with full reports of the main 

designs.  
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Deadweight Analysis is totally connected to the LW mentioned before. Because the 

theme of hull optimization is already a large field, contemplating a route and 

calculating with precision consumables and all the main components of deadweight 

would deviate from the main theme of Energy Efficiency. So on this work the 

deadweight is obtained by simply subtracting the displacement, computed from the 

hull geometry from the empirically obtained lightweight.  

 

 

Figure 45 – Container vessel cargo distribution on deck 

 

Figure 46 – Modeled cargo holds 
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6. Optimization Sequence 

The optimization sequence is a structured stage process which travels by the field of 

solutions gradually zooming close to the main objective or group of aimed 

parameters. 

The software used allows to have a view over the evolution of the whole process. It 

permits to create local and global constrains to the developed design and to 

accurately observe the effect of the parameter choices and variations.  

FFW allows a total control around the parametric optimization doing an input output 

way to arrive at the desired goal.  

To the advantages of following the process, any of the solutions can be selected and 

visualized in the 3D window, where the design can, in loco, compare different 

combinations of parameters and see the results instantly.  

To study the aimed goal, the stage optimization process has to be engineered to 

create a solid design baseline for the following procedure.  

In order to attain the minimum EEDI for the parametric ship the first step of the 

optimization sequence requires  a previous space of feasible solutions, where a 

domain of combinations of global and local variables produce an approximate solution 

regarding the one aimed. This initial part of the optimization structure is powered by a 

quasi-random Sobol design engine. 

The Sobol, as it was mentioned before, is a deterministic algorithm that imitates the 

behaviour of a random sequence. This kind of algorithm is also known as quasi-

random or low discrepancy sequence. Similar to random number sequences, the aim 

is to obtain a uniform sampling of the design space. In this case the clustering effects 

of random sequences are reduced. Sobol type algorithms are known to have superior 

convergence than random sequences. 

The algorithm outputs the design variables in a random way creating an evenly 

distribution over the design space to create a number of possible combinations of 

design vectors and variants.  The Design Engine will then create 500 design variants 

that are sufficient to give a representation of the model sensitivities, common practice 

in such investigations. 

On Figure 47, 500 variants are displayed regarding the attained EEDI and the speed. 
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Figure 47 – Field of variants DOE 

 

Having this run, there is a even percentage of variants that do not comply with the 

constrains, showing the range of applicability of the parametric model for the study 

target.  

After the conclusion of the DOE the designer has the application limits and may 

choose to wide or to restrict the range of the design variables.  

 

Table 6 – Design variables 

Parameter 
dependent 

on 

Length  bays 

Beam rows 

Depth tiers on hold 

Draft - 

CB - 

Speed - 
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Table 7 – Design constraints 

Constraints 
dependent 

on 

Att EEDI 

lower than 
Req EEDI 

Free Board 

higher than 

Free Board 

min 

DW 

between 

max DW 

min DW 

 

 From the result of these runs it’s also possible to visualize the validity and range in 

an independent way, of each variant, having at disposal a clear view of their domain 

and behaviour pattern. This allows the designer to pseudo predict the result of the 

next trials when a local change is applied to any of its main variables.  

As it was said before, the possible changes in output are directly connect with the 

action taken by the designer but also with the first choices regarding the approach to 

the problem.  

In the Chapter 2 it was clarified that in modern optimization the designer has to have 

a clear view of the problem ahead and of the tool used to solve it. Regarding the tool 

and of course the dependencies between the different parts of the parameter field 

many combinations of output may be obtained, the question is how to control it and 

how to understand the different effects of the several modifiable components on the 

input vector. 

 

Table 8 – Objective functions 

Merit Measures 

MIN Energy 
Efficiency Design 

Index 

MIN Ship Total Cost 

 

After the DOE stage to create a design of experiments baseline, the genetic algorithm 

NSGA II is used for multi objective optimization. The algorithm focuses in minimizing 

the defined objectives seen on table 8 simultaneously. During this simulation the 

genetic algorithm is employed in three different stages. Each time the NSGA II runs, a 

population of 50 variations from the previous run is used on a six generations 

cycle,(Figure 48). 

During this search of solution field, the priority target was always the EEDI, although 

the ship cost is also and parameter under evaluation. Stage after stage, the variables 

where adjusted with the previous understanding of their behaviour in order to 

minimize the EEDI. The following Figure 48, discretises the process.  
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The optimization run is operated by the design engine, which is an integrated 

program. 

 

 

Figure 48 – Hierarchy stage optimization mode 

  

Parametric Model Construction 
(Database)  

Baseline design 

Design of experiment 

Sobol 500 variants 

Baseline = des_0037 

Optimization round 1 

NSGA II 6 generations, 50 
population 

des_0205 

Optimization round 2 

NSGA II 6 generations, 
50 population 

des_0284 

Optimization 
round 3 

NSGA II 6 gen, 
50 pop 

des_0185 

Minimizing EEDI 

Minimizing Ship Cost 



52 

7. Results Analysis 

The behaviour of the different variables on this last stage gave an insight in to the 

design process and showed how intuitive it can be after the input vector and output 

solutions are analysed. As it was anticipated from the optimization process, the 

direction of the design variables are according with the merit measures of the project. 

In some cases during this kind of projects it’s natural to face a limitation vector from 

one of the design parameters, like i.e. reducing the resistance of the hull where the 

block coefficient may lower its value to the limit of its domain interval.  

During this project no end to the solution interval was obtained due to the interaction 

between the multi objective algorithm and the merit measures. These choices of 

optimization created a balanced solution regarding the characteristic of the hull under 

study.   

The aim of multi objective optimization is to provide a multiple result and optimum 

design so a conciliation between the merit measures and the design variables is 

obtained. The study is only finished when the design space is intensively searched 

and the objectives are concluded. This is important to refer due to the fact that by 

choosing a wrong range for a design parameter it would constrain the field of feasible 

solutions. 

While looking for the minimum of two objectives, as it is performed in this study, the 

designer can search for a relation of conformity on a scatter diagram. The designs will 

converge not to a single solution but to a region where several possible variants are 

accepted has optimum. At this point the designer has to choose the one that brings 

conformity and satisfies in a better sense the proposed target objective. When no 

further improvements are possible regarding machine, software and algorithm 

capacity, the designer will eventually be faced with a couple of choices. 

During the last stage of optimization after conducting the optimization runs, the 

designer may analyse the variables behaviour and variation locally. The variation of 

the design variables are strongly constrained because the model is forced to look for 

local and global minimum vectors. The following scatter diagrams show a common 

trend between the main particulars of the optimized model. It’s important to refer, that 

the figures that are presented on chapter 7, are the ones used in between 

optimization stages to give the designer a reference according to the target objective. 

The Final Result figures are presented on the Annex B.  

On each of the scatter diagrams there are two regression curves, a linear regression 

and one quadratic where it can be verified the direction of the several variants 

regarding the different parameters. The diagrams represent the last optimization run 

and show the region and values for the different variants extracted from the 

parametric model. Although, from the Figure 49 to 56 its not possible to see the exact 

model chosen or the trend where the study is driving towards, the reader as to realize 
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that these figure give the designer reference for adjusting future improvements of 

parameter range definition and are not used to conclude nothing except where the 

principal variables exist in reference to the final output presented in the Figure 57 

pareto frontier. Meaning that the figure from the chapter 7 are the independent output 

from a multi-objective optimization regarding EEDI and ship cost. In the chapter 8 the 

reader may view the combination of this data in a single result figure. 

The justification for presenting the figures from chapter 7 comes from the high level of 

value obtained from these charts. Without analysing this pre outputs it is impossible 

for the designer to calibrate the optimization and obtain a fair end result. 

The other stages reports and domain of solutions are not showed here for practical 

reasons of reading but are displayed on the Annex B together with all the parameter 

and constrain referent to the merit measures in study. 

It is possible to see where the highest concentration of results is located from the 

following charts and if another sequence would be executed the designer would have 

to repeat the process of viewing where is located the best result for the desired 

variable and where, according to this particular model, it has more chance of 

acquiring the best value to a certain parameter.  

 

Figure 49 – Optimization of EEDI regarding Length 

Figure 50, shows for the value of ship length the AttEEDI value for all the feasible 

ships presented on that specific dimension. For instance the if the user analyses the 

length dimension 287 meters, it may conclude that the EEDI variable for this specific 

length is constrained between 26,5 and 7, AttEEDI. This allows the designer a very 
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objective way of adjusting or choosing the procedure to follow, regarding this 

particular case the length of the ship.  

On the following Figures 51 to 57 the same approach is taken, although in some 

cases a trend is clearly viewed.  

 

Figure 50 – Optimization of EEDI regarding beam 

 

Figure 51 – Optimization of EEDI regarding depth 
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Figure 52 – Optimization EEDI versus draft  

 

Figure 53 – Optimization of EEDI regarding L/B 
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Figure 54 – Optimization of EEDI regarding speed 

 

Figure 55 – Optimization of EEDI regarding CB 
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Figure 56 – Optimization of EEDI regarding total container 

 

As it was said before, the showed parameter in the previous optimizations had the 

same analysis of adjusting the optimization interval for the main design parameters. 

On this case, from observation is possible to continue studying and closing the 

boundaries of the field of solution forcing the engine of optimization to focuses on 

certain regions for certain variable. This process becomes exhaustive if repeated 

many times and if the problem has higher levels of complexity and may create 

incoherence’s also if the form of the hull simply is unable to arrive at a certain set of 

variables configuration. 

Fortunately during this study and thought out the several stages of optimization the 

progress of EEDI was always coherent, being minimized after each step and after all 

the adjustments of the intervals.  

On the following chapter the model is chosen and presented from the Pareto front 

and a table relating all the different steps of the optimization process is showed 

comparing the evolution of all the design variables as well as the objectives.  

The set of possible solutions will be underline by a Pareto frontier, as it was 

mentioned before, where the designer will choose the most applicable for it case.  
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8. Design and Optimization  

When the Pareto curve is assessed and the single design is chosen from the two 

main merit functions, a brief analogy is executed regarding the starting point of 

design. During this final stage, is possible to understand the overall performance of 

the work done and to acquire the final conclusions from this study.  

When on using two objective functions simultaneously on the diagrams obtained from 

the optimization process, is clear the relation and trend between them. The scatter 

diagram shows the several combinations and the domain of the solutions. By 

minimizing the both objectives the designer gets to the stage where the further 

improvement of one objective will degrade the performance from the other.  

This condition clearly draws a Pareto boundary curve where the best combination of 

solutions is visible. The best designs are positioned in this curve and it’s up to the 

designer to choose the most adequate for the main theme of the project at hand.  

This design has been optimized from the initial point of optimization concluding the 

main objective of this work. On the Figure 57 it’s observed the final output chart with 

the feasible solutions. The complete information is presented on Annex B page 82. 

 

Figure 57 – Pareto front for EEDI and Ship Cost 

The chosen design is presented in the previous chart and its evolution in optimization 

is possible to be observed in the following table 9.  

This part omits a huge amount of data produced by the mathematical model. From all 

the parameters in building the hull and after for obtaining its characteristics it would 

be simply not practical to display all the parameters and their evolution during the 

process, so it was preferred to introduce this data for consulting on the Annex B.  

The numeric model has a total of 82 local shape parameters for the mathematical 

model this file contains, 6 design parameters and 2 merit parameters.  
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These numbers exclude completely auxiliary geometric references for the building of 

the shape of the hull that largely surpass the numbers mentioned before. These 

parameters have no reference beside a short descriptive part of chapter five but the 

reader may consult the FFW file. 

There are in total 21 parameters used for this work. From these 21 parameters 18 

were created and are only viewable on the model file.  

 
Table 9– Performance comparison 

    Baseline Sobol NSGAII Variation 

        run 1 run 2 run 3 Sobol Final Design 

    (Database) des_0037 des_0205 des_0283 des_0959     

D
es

ig
n

 v
a

ri
a

b
le

s 

Lpp 270 279,73 274,81 268.92 272,42 -2,61% 

B 32 29,83 31,08 32.05 31,77 -6,10% 

D 25 24,76 20,22 20,91 21,03 -15,06% 

T 12 14,42 11,95 11,98 11,93 -17,26% 

VS 18 15,156 15,07 15,11 15,02 -0,89% 

CB 0,65 0,7 0,75 0,7 0,66 -5,71% 

O
b

je
ct

iv
e 

F
u

n
ct

io
n

s Att EDDI   8,74558 7,234 7,0978 7,013 -19,81% 

Ship Cost   69408459 58403900 57463500 57052500 -17,80% 

E
va

lu
a
ti

o
n
 

Nr TEUs 4200 4753 4587 4549 4237 -10% 

 

Although the chosen design for maximum reduction on the EEDI was the design 

presented before (des_0959), another run was performed to obtain the design closest 

to the tier three EEDI boundary line. This was made to understand how the design 

would evolve when approaching the required EEDI limit. It was obtained a lower DWT 

vessel with higher speed and also higher block coefficient. The particulars of the 

design are presented here for reader understanding even though this exercise was 

purely for test and no conclusion is obtained beside the fact that for this particular 

model and optimization combination of parameters and restrictions when moving 

towards the EEDI limit the vessel will primarily modify the speed and the block 

coefficient. 

 

 

 

 

Table 10- Tier 3 optimized main particulars 

Particulars Value 

Length  264,10 [m] 
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Beam 30,2 [m] 

Depth 21,33 [m] 

Draft 11,95 [m] 

CB 0,75 

Speed 18,75 [knot] 

Cost 6,25E+07 [$] 

EEDI 12,27  

 

 

Figure 58 - Energy Efficiency Design Index reference lines and designs 
  

As it was mentioned before, on the Figure 58 the design obtained from the last of 

optimization (des_0959   ) will travel towards the the tier 3 limit for EEDI 

requirements. During this optimization the deadweight of the ship is also reduced, 

because it was kept free the parameter for modification of the hull form. If the 

optimization would have fixed the design parameters regarding dimensions, the 

optimization engine would purely adjust speed.  

 

The final ship obtained from the run number 3 of the NSGA II algorithm is shown in 

the figures below.  
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Figure 59 – Longitudinal linesplan final model 

 

 

Figure 60 – Transversal linesplan final model 

 

 

Figure 61 – Operating final version 
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9. Conclusions 

The EEDI will be viewed for the next years as a reference for the shipping industry 

and ship designers.  

It will drive the need for more efficient ships with the aim of reducing the CO2 

emissions and by doing so, redefining a new economic marine trade age. It is in its 

core a new naval architecture requirement for transport efficiency and ship 

improvement. 

The true consequences of these new requirements still need to be analysed on the 

markets due to the extremely large economic environment that is marine trade.  

It makes no sense to compare EEDI values from ships with fair differences in sizes. 

Doing so would be a mistake although it can be understood that scale economy is 

applied when looking at EEDI as a design parameter. 

According to the reference line it may seem that smaller ships are allowed to have 

lower EEDI requirements. This would mean that small ships could operate in higher 

speeds but in fact it actually means that the reference line allows higher EEDI for 

smaller vessels because they usually have lower levels of efficiency. 

From this study it is was also noticeable that no matter how extremely improved the 

hull would be its genetic formation (initial mathematical model) dictated from the 

beginning what would happen when passing from the different stages of optimization. 

This also meant that the most influent free variable was the speed, that would always 

dictate the highest weight in decision and EEDI result no matter how optimized the 

initial hull would be.  

Most hulls analysed from the database easily complied with the phase 0 of the EEDI 

with few modifications or none. Mostly of the first phase requirements could also be 

achieved without reducing speed. Even if the design keeps evolving in order to 

comply with requirements of the last stage of the EEDI, there will be no other 

alternative than reducing speed.   

Although the EEDI is not an accurate way to measure emissions it is indeed useful for 

the designer to have it has an indicator to avoid pre design stage miss considerations 

that lead to unfeasible ship regarding energy efficiency. 

Associating the study of EEDI with multi-objective optimization doesn’t provide the 

best ship, but a set of feasible solutions with better configuration with respect to the 

attained EEDI. 

The holistic ship design process was able to have successful results. The down dated 

design chosen was improved during several stages of optimization finally reaching to 

an optimized shape complying with all project requirements. 

After the three stages of optimization, it was conclude that although it is a highly 

constrained process, there is still margin to meet extra requirements to change the 

direction of the project without any exponential loss of time.  
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Using this fully parametric CAD-CAE system it was produced a fully parametric ship 

taking into account complex geometric and programing challenges faced during its 

formulation. 

Nevertheless, the parametric model has proven to produce effective ship shapes and 

follow a dense process of optimization that run over 2300 ships in a 4 stage hierarchy 

multi objective engine reaching the desired goal that was set to achieve, Integrated 

and Multi-objective Optimization Approach to Ship design applied to the improvement 

of Energy Efficiency Design Index. 
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10. Further Improvements 

During this holistic optimization study of ship design for improving the EEDI the range 

of dimensions of the panamax container ship was studied. It would be interesting to 

develop a parametric model of not only of one class but all types of container ships, in 

order to have global model form for the container vessel. 

In this thesis also, only one class of ship was investigated. Other types should be 

analyzed to understand the impact of EEDI on design and hydrodynamics.  

In general, it would be an advance to generalize the mathematical model with higher 

number of variants of local form for different sizes of ship, not only for container 

carriers but also to other cargo ships.  

There are several improvements that could be made to this work, integration with a 

CFD code, a detailed way of calculating weights and a fully parametric cargo 

calculation would largely increase the value of the work done. 

It could be improved the complex parts of the hull, such has, the skeg and the 

bulbous bow. It might be made only a local improvement of these parts due to the 

high affectation on ship performance.  

Loading conditions could be studied and simulated to have a clear view of the 

operational coefficient that must be considered when designing the best ship possible 

for a set of main particulars.  

In a further work it could also be studied hull design according to sea and route 

conditions bringing a hole another level to ship optimization creating distance from 

statistical and empirical methods that always deviate from the reality.  
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ANNEX A – Optimization Output 

 

Report – Pre Stage of Optimization, Sobol 
 

Date:  Oct. 01, 2015 
Project:  Integrated and Multi-objective Optimization Approach to 

Ship Design applied to improvement of (EEDI) 

Design States: All Designs, all unit in SI  
Sobol_01_des0037 

 

 Design Variables 

Name Lower Bound Value Upper Bound 

Beamc 25.0281 29.8375 32.1859 

Cb 0.650586 0.708594 0.799707 

Draft 9.50977 14.4219 14.4902 

Deptch 20.0098 24.7656 24.9902 

Lenghtc 260.067 279.731 294.063 

Speed 15.0391 15.1562 24.9805 

 

 Evaluations 

Name Value Is Objective 

ShipCost 5.720867 true 

AttEEDI 5.85499 true 

ReqEEDI 18.6127 true 

PeffbyDisp 0.0463766 true 

LbyB 9.37516 true 

BbyT 2.06891 true 

PowerEff 3866.63 true 

PowerDelivere

d 

6100.57 true 

CGT 48512.8 true 

Fr 0.152709 true 

FREEBOARD0

1 

10.3438 true 

TotalContainer 4441.43 true 

nBD 21.7824 true 

nBH 18.2833 true 

nRH 10.5125 true 
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nRD 12.2285 true 

nTD 12.95 true 

nTH 9.14972 true 

Rt 495.375 true 

ContainerInHol

ds 

1711.9 true 

ContainerOnD

eckcalc 

2729.52 true 

CP 0.694514 true 

CM 0.97298 true 

DESLOCAME

NTO 

83374.6 true 

LW 15409.8 true 

DW T 67964.8 true 

AM 418.685 true 

BHP 4549.2 true 

 

 

 

 

Report- First Stage of Multi Objective 
Optimization NSGA-II 
 

Date:  Oct 4, 2015 

Project:  Integrated and Multi-objective Optimization Approach to 

Ship Design applied to improvement of (EEDI) 

Design States: All Designs 
Nsga2 08_des0205 

 

 Design Variables 

Name Lower 

Bound 

Value Upper 

Bound beam

C 

28.01 31.0819 32.1807 

CB 0.650003 0.75797

6 

0.845267 

DeptC

H 

20.0436 20.2243 24.9973 

draft 10.0042 11.9512 12.01 

Lengh

tC 

261.632 274.812 293.932 

Spee

d 

15.0006 15.0787 24.6733 
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 Evaluations 

Name Value Is Objective 

AttEEDI 7.23472 true 

ShipCos

t 

5.84039e+ 07 true 

 

 

 Constraints 

Name Stat

e 

Value Comparat

or 

Limit Is 

Consider

ed 

 

EEDI0

2 

Vali

d 

7.2347

2 

 19.29 true 

 FB Vali

d 

8.2731 > 4.3138

7 

true 

 

MinD

W 

Vali

d 

72909 > 40000 true 

 

MaxD

W 

Vali

d 

72909  85000 true 

 

 

Report- Second Stage of Multi Objective 
Optimization NSGA-II 
 

Date:  Oct 6, 2015 

Project:  Integrated and Multi-objective Optimization Approach to 

Ship Design applied to improvement of (EEDI) 

Design States: All Designs 
Nsga2_08_205_12_des0283 

 

 Design Variables 

Name Lower 

Bound 

Value Upper 

Bound beamC 28.1157 32.056 32.179 

CB 0.651584 0.709202 0.844534 

DeptC

H 

20.0604 20.9172 24.9973 

draft 10.0051 11.9872 12.0062 

Lenght

C 

260.352 268.926 293.932 

Speed 15.0739 15.1169 24.6733 

 

 

 Evaluations 

Nam e Value Is Objective 

AttEEDI 7.0978 true 

ShipCost 5.74635e+ 07 true 
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 Constraints 

Name State Value Comparator Limit Is Considered 

 EEDI02 Valid 7.0978  19.194

4 

true 

 FB Valid 8.93007 > 4.2386

6 

true 

 MinDW Valid 73702.6 > 40000 true 

 MaxDW Valid 73702.6  85000 true 

 
Report- Third Stage of Multi Objective 
Optimization NSGA-II 
 

Date:  Oct 12, 2015 
Project:  Integrated and Multi-objective Optimization Approach to 

Ship Design applied to improvement of (EEDI) 

Design States: All Designs 
Nsga2_08_283_14_des0959 

 

 

 Design Variables 

Name Low 

er 

Boun

d 

Value Uppe

r 

Boun

d 

beamC 28.01

48 

31.7791 32.19

98 CB 0.650

076 

0.669797 0.844

513 DeptC

H 

20.04

27 

21.037 24.99

83 draft 10.00

62 

11.9364 12.00

93 Lenght

C 

260.0

23 

272.425 293.9

56 Speed 15.00

03 

15.0266 24.93

24  

 

 Evaluations 

Nam e Value Is Objective 

AttEEDI 7.01338 true 

ShipCost 5.70525e+ 07 true 

 

 Constraints 

Name State Value Comparator Limit Is Considered 

 EEDI02 Valid 7.01338  19.1788 true 

 FB Valid 9.10058 > 4.28352 true 

 MinDW Valid 73747.3 > 40000 true 

 MaxDW Valid 73747.3  85000 true 
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ANNEX B – Final Output Charts 
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