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EXECUTIVE SUMMARY 

 

SHIPLYS is an EU funded project under the H2020 Research and Innovation programme that will provide 
an innovative ship design tool to be used by European SMEs in the ship industry. The tool will offer 
integrated modelling along with life cycle approaches to evaluate further and compare early  ship designs. 
It will provide to its users the necessary tools for Life Cycle Cost Analysis (LCCA), environmental 
assessments, risk assessments and end-of-life considerations. 

One of the key tasks of the project is the collection of the necessary data that will be required for the rapid 
virtual prototyping and life cycle tools to provide safe estimations and easily comparable results. The 
process of data collection was part of “T4.1 Collect data required for SHIPLYS rapid virtual prototyping 
and life cycle tools”. 

Additionally, in Task 4.2 “Data analyses to determine its quality and its criticality regarding its impact on 
the outcomes” a number of approaches have been developed to evaluate the selected data. These 
approaches will aim to determine confidence in existing data, appropriate ways of factoring in uncertainty, 
identification of low confidence but high impact data and finally, methodologies performing a Sensitivity 
Analysis to key inputs in the various phases of the ship design process and life cycle estimations will be 
investigated. 

Deliverable D4.2 presents the approaches above, offering a detailed description of the methodology for 
the evaluation of the selected data, and the assessment of their quality and criticality. Furthermore, the 
challenges in acquiring adequate and qualitative data are presented, along with the process of collecting 
data within the project. The development of various methodologies for gaining confidence in existing data, 
quantify and deal with uncertainty, and performing a Sensitivity Analysis to key inputs in the various phases 
of the ship design process and life cycle estimations are also described.  

For SMEs to be able to validate and compare different ship designs and present an optimal proposal at an 
early bidding phase, the data used must provide certain reliability. To this end, the importance of qualitative 
data and the development of a complete database used by the SHIPLYS tools is highlighted.  

Finally, a glimpse of the SHIPLYS Life Cycle Tool has been demonstrated, by presenting the Sensitivity 
Analysis approach that will be implemented in the LCT software, developed in WP5 of the SHIPLYS 
project. 
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1 Introduction 

The main objective of the Ship Lifecycle Software Solutions (SHIPLYS) project is to develop a software 
tool that will include rapid virtual prototyping processes of the early ship design together with performing a 
life cycle cost analysis (LCCA) of the developed ship design as well as an environmental assessment, risk 
assessment and end-of-life considerations. 

In order for the project to complete its goals, the collection of the required data for the implementation of 
the developed tools as well as the development of a SHIPLYS database is required. Confidentiality 
concerns of the data used within the SHIPLYS software have been taken into account and as a result end 
users will be the keepers of the database and of their information provided to the tool. 

As part of WP4, a number of approaches have been developed to assess the selected data on their quality 
and criticality. In this deliverable, the approaches performing Uncertainty Analysis and the methodologies 
for Sensitivity Analysis will be presented in detail, while their efficiency will be evaluated using Conceptual 
Ship Design accounting for Risk-based Life Cycle Assessment Approach, which is under development in 
WP5 of the project. 

Finally, Life Cycle and Cost for Sustainable Ship Power systems analysis will also be employed to perform 
sensitivity analysis, which is under development in WP5 of the project. 

 

2 Availability of Data 

2.1 Data collection and Data sources 

In Task 4.1 the required data for the rapid virtual prototyping and life cycle tools have been collected based 
on the data requirements defined in Tasks 3.2 and 3.3. 

To this end, a “Parameter List” excel database has been developed, listing all necessary parameters for 
usage by the developed tools. Parameters required for the virtual prototyping, cost assessment and life 
cycle and risk analyses, were identified and specified. The list provides an accurate description of the 
parameters, valid ranges and most common (or default) values acquired by various sources: existing 
theoretical methods and/or modern statistical trends (for the prediction of various ship parameters relative 
to ship design and dependent on the owner’s requirements), tender documents/papers in response to 
which the early design and life cycle assessments are required, previous similar projects, existing 
experience of partners and engineering judgement. 

The following figure presents a possible source of useful data, based on the relation of the length LBP to 
the total number of transported TEU and its statistical trend. 

 

Figure 1: Statistical trend relation of ship length to total number of transported TEU) [1] 
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Furthermore, each parameter has been linked to the corresponding activity of the developed Activity Matrix 
(on the basis of ISO 10303, the Standard for the Exchange of Product model data, STEP), to which the 
parameter is related to (either as input or as output or as control). 

The Parameters List categorises the various entities into the following main groups: 

 Early design parameters 

 LCCA parameters 

 Risk assessment parameters 

Specific information about each parameter is given as (see Figure 2):  

 Parameter name, 

 Physical quantity, 

 Unit of measurement, 

 Type (e.g. numerical, logical, alphanumeric, etc.), 

 Short description, 

 Source type, 

 Source or link to the source (i.e. link to pdf, worksheets, tables, etc.),  

 Activity to which this parameter is related to (designation following the ISO standard adopted in the 

SHIPLYS tool), 

 Level of confidence (scale 0 to 2, 0 meaning user estimation and 2 meaningfully validated data). 

For the LCCA and Risk assessment, parameters pertinent to costs are also included: 

 Time reference (when the costs were estimated/defined), 

 Geographical reference (where these costs were estimated/defined). 

Parameters identified in T4.1 were linked to data sources for the most of the SHIPLYS activities in various 
formats (tables, formulas, graphs, worksheets, user specified entries). These values will be continuously 
updated with the use of additional existing databases (fees may be required) and data provided by the 
end-users (shipyards, naval architectures etc.). 

Finally, the documented parameters have been grouped by the Activity of the ISO standard that they are 
related to. The Activities adopted for the SHIPLYS project are: 

 A122 Create preliminary design, 

 A124 Calculate the cost of the ship, 

 A126 Create an initial design for retrofitting purposes, 

 A127 Estimation of the environmental impact, 

 A128 Estimation of risk, 

 A129 Perform initial planning of production. 

Figure 2 presents a part of the parameter list as developed for the SHIPLYS project. The full “Parameters 

List” can be found in the Appendix of this deliverable. 
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Figure 2: Part of the SHIPLYS parameters list 

 

2.2 Challenges and problems with data availability and quality 

The preliminary ship design aims to determine the main characteristics of the designed vessel, taking into 
consideration the existing regulations and restrictions. Furthermore, it provides initial estimations of the 
general arrangement of the ship, profile and decks, machinery list, transport capacity, efficiency etc. and 
it enables uniform approaches. In the conceptual ship design are also introduced innovative design 
concepts, energy efficiency and environmental impact estimations [1]. 

During the early design stages, calculations enable the evaluation of various alternative designs and 
estimations of all costs created through the ship's life as well as its' environmental impact. The SHIPLYS 
tools will require the availability of up-to-date data to provide safe estimations and comparable results. 

Data acquisition usually encounters numerous challenges and problems regarding the availability and the 
quality of the necessary data. The most significant challenges are: 

 Insufficient databases: the existing databases may not be able to provide sufficient information for 
specific business and industrial sectors. As a result, data gaps regarding the shipping industry 
could occur, producing poor early ship design estimations. Furthermore, developed databases may 
not be updated with recent data that could improve the preliminary ship design results. Thus, the 
development of a database with updating facility to meet the requirements of the developed rapid 
virtual prototyping and life cycle tools is critical. 

 The data format for Software integration: a specific issue associated with the quality of data is the 
capability to integrate between tools and formats for different software or ship design tools. Usage 
of standard formats could improve the efficiency and effectiveness of software processes. 

 Innovation: the adaptation of modern and innovative ship designs and techniques may require 
additional data or updated databases to perform safe estimations. Close monitoring of the market’s 
developments is necessary along with the continuous updating of the used databases. 
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 Changing market/data currency: the globalisation of the economy and the continuous changes 
taking place in the global shipping market have as a result of continuous changes in the set of data 
used in the LCCA estimations. Subsequently, LCCA calculations should continuously investigate 
the quality of the selected data, analysts should keep their databases up-to-date to the latest 
developments in the shipping market and take into consideration future developments that may 
affect projects taking place in the present. 

 Confidentiality: Confidentiality of the data used by ship designers and shipyards raise availability 
issues. End users of different software usually demand to be the keepers of their database. 

 Cost of accessibility: one of the main problems is the availability of relevant databases that can 
easily be accessed. Available databases require a subscription for an amount of money to allow 
access to its data. Usually, this subscription should be renewed annually, to have access to newly 
updated data. The cost may be dissuasive for SMEs and small naval architecture offices, who 
would like to adopt innovative tools in their design processes, in an attempt to produce innovative 
ship designs and reduce constructional, operational and other costs. A cost-benefit analysis could 
indicate the necessity of acquiring newly updated databases and ship design tools. 

 

3 Approaches for Data Uncertainty Analysis 

3.1 Uncertainty Treatment 

3.1.1 Uncertainty definition 

Uncertainty is a state of having limited knowledge where it is impossible to describe precisely the existing 
state or future outcome. There are mainly two kinds of uncertainties in data, Aleatoric uncertainty and 
Epistemic uncertainty. Aleatoric uncertainty is a kind of random uncertainty caused by the nature of the 
data, which cannot be avoided. Epistemic uncertainty is the uncertainty due to lack of knowledge. Deep 
data mining can reduce epistemic uncertainty or gain more understanding of the data. However, this may 
be costly so that such uncertainty is often just described and considered as the risk in the assessment. 
Generally, Aleatoric uncertainty decreases the precision of the evaluation while Epistemic uncertainty 
decreases the accuracy of the assessment [2]. 

 

3.1.2 Source of uncertainty 

Uncertainty can be introduced into mathematical models and experimental measurements via various 
resources throughout the entire assessment process. Assumptions, sample data, prior beliefs, physical 
models, computing errors, etc. all can become uncertainties. It will affect the results of the assessment 
and the confidence level of such results in a different context. In general, it is categorised as follows [3] [4]: 

Parameter uncertainty  

Parameter uncertainty is introduced when the exact value of input parameters to the assessment is 
unknown or out of control, or cannot be inferred by statistical models. Example of parameter uncertainty 
is when deriving the ship material properties from testing a limited number of specimens. Modelling 
parameter uncertainty is not easy. There are some widely used treatment methods, for instance, 
bootstrapping, Bayesian techniques and classical statistics using maximum likelihood estimation (MLE).  

Parametric variability  

Parametric variability means the variability of input variables of the model. For example, when conducting 
analysis based on the design document that might not have been strictly followed by manufacturers or 
constructors, which would cause measurable variability in the analysis results. In some cases, parametric 
variability can be further defined as spatial or temporal variability where one wants to average over that 
variability.  

Structural uncertainty  

Structural uncertainty is also known as a systematic error, model bias, model inadequacy, or model 
discrepancy. This type of uncertainty comes from the lack of knowledge of the underlying physics in the 
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assessment, resulting in how accurate a mathematic model describes the true system for a real-life 
situation is unknown. One example is to conduct ship stability analysis using the GZ curve, in which case 
even if there is no unknown parameter in the model, a discrepancy is still expected between the model 
and real physics. However, similar to the parameter uncertainty, structural uncertainty also cannot be 
adequately addressed by any general techniques. 

Algorithmic uncertainty  

Algorithmic uncertainty is also known as numerical uncertainty or discrete uncertainty. It occurs because 
the complicated majority models cannot be solved exactly, which means numerical errors and numerical 
approximations will be introduced as part of the problem-solving process. One example of algorithmic 
uncertainty is the numerical approximation when calculating the ship global bending moment using the 
simple beam theory.  

Experimental uncertainty  

Experimental uncertainty is also known as an observation error, which happens because of the variability 
of the experimental measurement. Uncertainty from this resource is considered as a kind of Aleatoric 
uncertainty which is inevitable. Statistical error and random variation of replicate measurements are also 
included in this category.  

Interpolation uncertainty 

This uncertainty resource refers to the scenario when there is no simulation data or experimental 
measurements for assessment, one must interpolate or extrapolate to predict the corresponding response. 

 

3.1.3 Expression of uncertainty 

There are a number of different ways to express the uncertainty. Each method has its advantages and 
disadvantages, one can choose to represent the uncertainty accordingly to fit the purpose of the analysis. 
Some of the commonly used ways are: 

Variance, standard deviation and standard error of the mean 

In statistics, the variance and standard deviation are the most important measurement of the statistical 
dispersion. The standard deviation is the square root of the variance. The estimation of the standard 
deviation is based on the deviation of any individual observation about the mean. The variance and 
standard deviation are calculated as follows: 

𝑉𝑎𝑟(𝑥) = 𝑠𝑥
2 =

∑ (𝑥𝑖−𝑥̅)2𝑛
𝑖=1

𝑛−1
  (1) 

𝑠𝑥 = √
∑ (𝑥𝑖−𝑥̅)2𝑛

𝑖=1

𝑛−1
  (2)   

where 𝑛 is the size of the sample and the sample has a finite data set of 𝑥1, 𝑥2, 𝑥3 … with each value having 
the same probability. The estimation of the standard deviation is based on the deviation of any individual 
observation about the mean. Thus, 𝑠𝑥 is read as the standard deviation of the individual  𝑥’s.  

The standard error, given by Eqn 3, is another similar way to express the uncertainty. The term standard 
error is most often used to express the uncertainty in the mean of  𝑥, but it is also applicable to the 
uncertainty associated with any form of a central estimate [4].  

𝜀𝑥 =
𝑆𝑥

√𝑛
          (3) 

The standard error is the standard deviation of the sampling distribution of a statistic. It measures the 
spread, i.e. the higher the standard error is, the more spread out the data is.  

The uncertainty expressed by the variance, standard deviation and standard error can be quantified and 
propagated using similar methods.  
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Confidence intervals  

A confidence interval (CI) is an interval estimate combined with a probability statement. It represents a 
range of values defined so that there is a specified probability that the true value of a parameter lies within 
it. For instance, one has x% confidence that the value of a variable y is within the range z. 

In general, CI can be calculated following the approach that is using the mean and deviation of the chosen 
samples to define the lower or upper confidence bounds, based on a given confidence level. In some 
cases, CI can also be estimated by providing the maxima, minima or most likely values. If the data is 
qualitative, the qualitative scoring system can be designed such as high, medium and low. This method 
based on the engineering judgement will be subjective; therefore, each optional score should be defined 
precisely.  

The advantage of using CI is its broad applicability. It means this method can be used no matter the data 
is quantitative or qualitative, or combination of various types, or collected with an unknown level of 
knowledge. In the case where a uniform way to express uncertainty is required, CI will often be the 
preferred option. Therefore, the uncertainty treatment system in SHIPLYS database has chosen to build 
upon the concept of CI to develop the bespoke data-quality evaluation system.  

Probability distribution  

The data can be transferred to distributions and perform further analysis on the distribution. The commonly 
used distribution types are uniform, triangular (PERT), trapezoidal and normal distribution, etc. [6] as 
shown in Figure 3. 

 

Figure 3: Commonly used probability distribution [7] 

 

Comparing to a single measurement of spread, such as variance or standard error, the probability 

distribution can convey much more information about the variability in 𝑥, such as skew and shape of the 
distribution, or the characteristics of tails, etc. However, the applicability of this method is very limited. It 
requires a huge number of data set and / or strong belief that the parameter can be fitted to one of the 
well-known distributions. Otherwise, it is very difficult to verify the accuracy of the estimation. Especially, 
the tails will be particularly unstable. 

 

3.1.4 Overview of the methods for uncertainty quantification  

The Uncertainty Quantification (UQ) is the process by which the uncertainties in a system are 
characterised and propagated to a given Quantity of Interest (QoI) in both computational and real-world 
applications. UQ requires interdisciplinary skills combining statistics, numerical analysis and computational 
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applied mathematics. In reality, uncertainty exists in the majority of analysis processes, raised from various 
resources, as discussed in the previous section. Ideally, UQ can support the reliable estimation and control 
of the difference between the mathematical model and the true physics, and subsequently to reduce the 
associated risks.   

In general, there are two major types of UQ problems: one is called forward uncertainty propagation (UP), 
and the other is inverse UQ. 

The forward UP 

The problem solved by forwarding UP is how to predict the overall uncertainty in the system responses by 
propagating the various sources of uncertainty through the entire assessment process. In a simple word, 
by using forward UP, the uncertainties in inputs will be propagated to quantify the uncertainties in system 
outputs. This will help to evaluate the low-order moments (i.e. mean and variance) of the outputs as well 
as its reliability and complete probability distributions, etc. It should be noted that not all kinds of 
uncertainties can be propagated. In the following paragraphs, some well-established methods of 
forwarding UP will be discussed for parametric variability and experimental uncertainty. 

The simulation-based methods, such as the Monte Carlo Simulation (MCS) or Latin hypercube sampling, 
are probably the most understandable and straightforward methods. It is also possible to quantify the 
contribution of each variable to the total uncertainty in final outputs by estimating the correlation between 
that variable and the outputs. Simulation-based methods permit direct computation of the uncertainty even 
when the numerical assessment is complicated and when the inputs variables cannot be described by 
usual moments. However, it is time-consuming and laborious to document. It is also not easy to estimate 
the correlation between each variable and the outputs, hence hard to infer the role of each variable in the 
total uncertainty [4].  

When the uncertainty in the input variables is given as a variance, standard deviation or standard error, 
and the assessment process is a number of mathematical equations, the total uncertainty in the outputs 
can be calculated using moment equation method, where the output standard deviation is estimated as: 

𝑠𝑧 = √∑ (
𝜕𝑧

𝜕𝑥𝑗
𝑠𝑥𝑗

)
2

+ 2 ∑ ∑ 𝑟𝑥𝑗𝑥𝑘
(

𝜕𝑧

𝜕𝑥𝑗
𝑠𝑥𝑗

)𝑚
𝑘=𝑗+1 (

𝜕𝑧

𝜕𝑥𝑘
𝑠𝑥𝑘

)𝑚
𝑗=1

𝑚
𝑗=1    (4) 

where: 𝑥1, 𝑥2, 𝑥3 … 𝑥𝑚  is m different input variables, while 𝑧 = 𝑓(𝑥1, 𝑥2, 𝑥3 … 𝑥𝑚) is the final output and 𝑠𝑥𝑚
 

is denoted the standard deviation of 𝑥𝑚 . 𝑟𝑥𝑗𝑥𝑘
 represents the correlation in uncertainties between input 

variable  𝑥𝑗 and 𝑥𝑘. If assuming they are independent to each other, this equation can be simplified as: 

𝑠𝑧 = √∑ (
𝜕𝑧

𝜕𝑥𝑗
𝑠𝑥𝑗

)
2

𝑚
𝑗=1     (5) 

Eqn 5 is known as the Gaussian error propagation formula. This method is also applicable to propagate 
variance and standard error. 

In some cases, the numerical model can be plot as a surface, and the uncertainty in the input variables 
will develop an envelope around this surface. Therefore, it is possible to apply surface respond method to 
find out the most probable point (MPP) which is the most representative of reality. One of the well-known 
mathematical applications for this is the FORM and SORM (first and second order reliability methods), 
which are a fundamental method for the structural reliability assessment.  

Except the above, there are many other probabilistic approaches such as exact analytic methods, 
functional expansion-based methods, local expansion-based method, prediction of trend and difference 
throughout the time, and so on. There are also many non-probabilistic approaches widely used, such as 
the interval analysis, Fuzzy theory, etc. It is believed, in general, that the probabilistic approaches are more 
rigorous.  
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Forward UP is a well-established technique, especially when estimating the low-order moments of the data 
uncertainty. By examining the reliability of the outputs, the performance of the system can be reviewed, 
hence possible to optimise the utility of the system.  

Inverse UQ 

Unlike forward UP predicting the reliability of the final output from the uncertainty in input variables, the 
objective of inverse UQ is to investigate the difference between model prediction and true system 
responses. Types of uncertainties of interest for inverse UQ are the algorithmic uncertainty or structural 
uncertainty, etc.  The inverse UQ has attracted increasing attention in the engineering design community; 
however, it cannot be adequately addressed by any general technique due to dimensionality and 
identifiability issues [3].  Commonly used concepts to solve inverse UQ are methodologies under the 
Bayesian framework or frequentist-based. The typical application of inverse UQ is to implement it in a 
model updating process. 

To clarify, as inverse UQ is out of interest in SHIPLYS project, so the scope of work within SHIPLYS project 
will not include inverse UQ. 

 

3.1.5 Uncertainty treatment in SHIPLYS 

Since assessment procedures within SHIPLYS are very comprehensive and complicated, the SHIPLYS 
database has to experience uncertainties from almost all sources, as discussed in the previous section. 
Among all types of uncertainties, the project paid more attention to parametric variability, experimental 
uncertainty or sometimes, parametric uncertainty. In most cases, these uncertainties raised in SHIPLYS 
database is due to lack of knowledge, therefore, one cannot strongly believe the quality of these data. 
Moreover, the types of data is a mix of qualitative and quantitative, which increases the difficulties in 
measuring its uncertainty in a uniform format. The uniform format to indicate uncertainty will help the 
database management and easy for data collection. By considering the above, it has been decided in 
SHIPLYS that the uncertainty of input variables will be expressed by giving the level of data quality, so-
called Quality Level (QL). This method is built upon the concept of CI and was developed specifically for 
SHIPLYS.   

The QL reflects the confidence in the accuracy of the data provided to the database. Data with a higher 
QL should come from resources that are more trustable. As this method is qualitative and subjective, the 
database developer should give a rigorous definition of each level of QL. The QL can also be propagated, 
the overall QL of the assessment is calculated as the average QL among all input variables used in the 
evaluation.  

Also, to support the evaluation of reliability, the uncertainty treatment is also an important factor to 
determining how crucial such input variable is and the possibility to improve the assessment reliability 
through searching for more certain input values. For this purpose, the sensitivity and uncertainty analysis 
should be viewed alongside each other to identify the key factors in the model [7]. The data that is uncertain 
and has a high contribution towards to the results (i.e. highly sensitive) are likely to be a key issue/ factor 
in the model as this is depicted in Figure 4. 
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Figure 4: Key features depending on sensitivity and uncertainty 

 

It is very important to emphasise that the calculations will never reduce uncertainty. Propagation of 
uncertainty is also a process to increase the uncertainty in the overall assessment. If the variable can be 
directly measured, uncertainty propagation should be avoided.  

 

3.2 Confidence/Quality level of SHIPLYS tool parameters 

During the development of the Parameters List a column named “Level of confidence” has been 
introduced, as an additional characterisation factor of each parameter identified to be used by the 
SHIPLYS tools. 

The contributors to the development of the list had the opportunity to rate their confidence to the selected 
parameters, as well as to the provided data and data sources. The method has been implemented by 
selecting between 0 (user estimation), 1 (average confidence) and 2 (fully validated data). The results of 
this procedure will be used as a measure indicating the quality level of the collected data, using the 
scientific experience and professional judgement of the SHIPLYS partners. 

The following Figure 5 presents the results collected during this procedure, per Activity used by the project 
(the results are given in absolute values and percentages), while Figure 6 shows the entire results of the 
Quality level scale for all SHIPLYS parameters, given in percentages. 
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Figure 5: “Level of Confidence” procedure (x-axis represents the number of parameters 
dedicated to each activity number) 

 

 

 

Figure 6: Total results of the “Level of Confidence” procedure (in percentages) 

 

The nature of the parameters selected to be used in the developed SHIPLYS tools, the complexity of 
specific parameters and the interaction between them, gives a reasonable estimation of the parameters’ 
quality level. Additionally, the continuously changing market and fluctuations in the values of parameters 
used for life cycle estimations have the same effect in the estimated level of confidence of Activities A124 
and A127. 

As a result, the implementation of a specific sensitivity methodology is necessary to evaluate the selected 
data for each parameter (at least of those of more significance) and discover appropriate ways of factoring 
in uncertainty. 
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4 Methodologies for Sensitivity Analysis 

4.1 Endpoints/Key inputs for SA in Conceptual Ship Design, LCC and 
Environmental Assessment 

A sensitivity analysis (SA) usually proceeds in the following steps: 

1. Definition of sensitivity analysis end-points  

The sensitivity of each parameter (data) will be evaluated according to the effect this parameter has on 
the final value of these end-points.  The end-points will be a few essential and vital magnitudes like max 
speed, max draft, lightship weight, etc. regarding “ship design tool” and cost of ship construction, the 
environmental impact of construction, Global Warming Potential of operation etc., regarding “LCATool”.  
Definition of different groups of data, both for the “design” and the “LCCA” phase. 

2. Selection of most important parameters 

From the “Parameters List”, selection of the first fundamental group of parameters which are expected to 
have the most significant effect on the end-points. Selection based on literature and experience. 

3. First sort of parameters 

Using statistical data from the literature (e.g. curves of LS weight variation concerning ship length) and/or 
closed-form theoretical equations and methods, evaluation of the effect of the first group of parameters on 
the value of the end-points.  Sorting of parameters in order of decreasing importance. Use of this first 
approach sorted list of parameters as input for the early stages of the uncertainty analysis. 

4. Final sort of parameters 

When the SHIPLYS tool is ready, repetition of stage 3 for most (if not all) parameters. Final parameters 
list sorted in order of decreasing importance. The input to the uncertainty analysis. 

In the following paragraphs, the implementation of the SA into the various phases of the SHIPLYS 
scenarios is presented in more detail. 

 

4.1.1 Conceptual ship design 

Sensitivity analysis is carried out for the investigation of the impact of changing one or more key input 
parameters on specific project outcomes (endpoints of the analysis).   

The end points are selected from the project outcomes by their significance, while the key inputs are 
chosen among the parameters about which there is uncertainty, and which are expected, at least from 
experience, to have a significant influence on the examined outcomes. The sensitivity analysis quantifies 
this influence by varying the key inputs (one at a time) and recording the impact on the outcomes. To this 
end, a suitable range of variation for each key input has first to be defined.  A standard percentage of 
variation above and below a specific value, or a pessimistic, expected, and optimistic value might be 
chosen for an uncertain key input. Then, a suitable analysis (usually techno-economic) could be performed 
for each one of the three values to see how the outcome changes as they change, while other parameters 
are held constant. 

The conceptual ship design has principally to fulfil the technical terms specified in the relevant order. Thus, 
the fulfilment of these constraints can be considered as the important outcomes of this phase, obviously 
being obligatory for a successful design. When such terms describe parameters that are not direct inputs 
to the design (e.g. vessel type, specified dimensions: length, breadth etc.) but rather form goals of the 
design, there is always an inherent uncertainty in their achievement (e.g.: does the ship achieve the 
contractual speed at the contractual loading condition?). In such cases, the sensitivity analysis can quantify 
the influence of key inputs on the examined outcome, supporting in this way the design decision process, 
also highlight in some cases the associated risk.  
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The cost estimation of the designed product (either new building or retrofitting) is among the important 
outcomes (endpoints) of the design. However, this should be considered as part of the LCCA analysis. 

For the definition of the key inputs, it is convenient to distinguish the bulk of the input parameters in primal 
and derived ones. For example, if the basic dimensions L, B, D, T of the ship and the hull form coefficients 
(CB, CM, etc.) are considered as primal (thus independent) parameters, then the displacement and all the 
hydrostatic parameters are derived parameters (i.e. depended). Since the sensitivity analysis 
mathematically corresponds to partial differentiation, it is evident that it can’t be applied on independent 
parameters while some dependent ones are kept fixed. Although the grouping above hasn’t been done 
yet in the context of the project, it seems natural that this has to be implemented during the integration 
phase of the software. However, it is not always straightforward which parameter is primal and which 
dependent, and the selection should be made by the followed design spiral process, suitable for the 
examined scenario. To this end, the pertinent scenario flowchart can give a solution. 

Summarising, in the conceptual ship design the sensitivity analysis (SA) can be implemented to support 
the achievement of the order requirements (endpoints) by examining the influence on them of adequately 
selected design parameters (key inputs). Furthermore, SA can also be used for the estimation of the cost 
of the design (endpoint) by examining the influence of design parameters (key inputs) on this cost, after 
having fulfilled the specific terms of the order, which are now considered as constraints of the analysis  

The following table presents endpoints and corresponding key inputs for a sensitivity analysis pertinent to 
the conceptual ship design. 

 

Table 1: Endpoints and Key inputs in the conceptual ship design 

Design phase – Endpoints and Key inputs for SA 

Scenario 1 – Hybrid propulsion for a short route ferry 

Endpoints Key inputs 

DWT, Capacities (cars, passengers)  

Main dimensions 

Hull form 

Compartmentation  

Maximum Ship Speed 

Total installed power 

Hull form 

Propeller design, coefficients 

Propulsion efficiency  

Total energy efficiency 

Power split between Diesel and Electric 
propulsion system and capacity of the systems. 

Electric system design 

Cost efficiency (actually, part of the LCCA) 

Operational speed selection 

Design to accommodate operation modes 
(Battery charging cycles, D-E load combination 
scenarios)  

End of life scrapping, recycling 
Material selection 

 

Battery disposal Battery selection 
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Scenario 2 – Conceptual ship design accounting for LCCA 

Endpoints Key inputs 

Ship owner requirements: 

 DWT 

 Speed 

 Multi cargo capacities 

 Etc. 

Shipyard building constraints 

 

Main dimensions, Compartmentation 

Hull form, Main engine power, Propulsion system 

Compartmentation (Hold capacities, tank 
capacities) 

Main dimensions, Steel block weights  

Operational profile, Seakeeping Hull form 

Maintenance Steel thickness selection, corrosion additions 

End of life scrapping, recycling 
Material selection 

 

Scenario 3 – Ship retrofitting accounting for LCCA 

Endpoints Key inputs 

End of life scrapping, recycling Material selection 

 

 

4.1.2 Life cycle cost 

Sensitivity Analysis investigates the impact of the most critical parameters (Key inputs) to the estimated 
cost throughout the life cycle of the examined project or in certain stages of each life (development, 
construction, operation, dismantling etc.). This analysis supports the comparison between different 
scenarios and the optimisation of the ship design procedures. 

Some endpoints and corresponding key inputs are presented below. 
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Table 2: Endpoints and Key inputs for LCC per SHIPLYS scenario 

Life Cycle Cost – Endpoints and Key inputs for SA 

Scenario 1 – Hybrid propulsion for a short route ferry 

Endpoints Key inputs 

Cost of the novel hybrid propulsion system 

Cost of materials 

Cost of machinery 

Cost of engine/ER 

Cost of steel per ton 

Cost of operation 

Average sailing days per year loaded 

Average days per year at port loading 

Average daily fuel/other consumption when 
sailing loaded 

Average daily fuel/other consumption when at 
port loading 

Average daily fuel/other consumption when at 
port discharging 

Cost per ton of fuel oil 

Scenario 2 – Conceptual ship design accounting for LCCA 

Endpoints Key inputs 

Estimate cost of construction based on shipowner 
requirements 

Cost of materials per ton for 
structures/compartment 

Cost of machinery 

Cost of engine/ER 

Welding cost per meter 

Cutting Steel/Cost per m length 

Sanding Steel/Cost per m2 

Average Paint used/painting costs 

Cost of steel per ton 

Estimate cost of maintenance 

 

Average paint/chemicals consumed per year 
for scheduled & unscheduled maintenance 

Average paint/chemicals consumed during dry-
docking/repair period 

Estimate cost of scrapping 
Scrap material 

Scrap recycled 
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Scenario 3 – Ship retrofitting accounting for LCCA 

Endpoints Key inputs 

Estimate cost of retrofitting 
Cost of equipment and outfitting  

Cost of materials 

 

4.1.3 Environmental assessment 

The environmental impact or the environmental advantages produced by adopting different ship designs 
is also investigated through the SA. 

The selected endpoints and corresponding key inputs are given next: 

 

Table 3: Endpoints and Key inputs for EI 

Environmental Impact – Endpoints and Key inputs for SA 

Scenario 1 – Hybrid propulsion for a short route ferry 

Endpoints Key inputs 

Benefits of applying hybrid propulsion 
Average sailing emissions 

Average emissions at the port 

Compare different propulsion options (D-M, D-E 
or Hybrid) 

Average sailing emissions 

Average emissions at the port 

Scenario 2 – Conceptual ship design accounting for LCCA 

Endpoints Key inputs 

Compare the environmental impact of 
construction of different developed ship designs 

Construction emissions 

CO2 emission factor 

NOx emission factor 

Compare the environmental impact of the 
operation of different developed ship designs 

Average sailing emissions 

Average emissions at port 

CO2 emission constant at sea/ port 

NOx emission constant at sea/ port 

Scenario 3 – Ship retrofitting accounting for LCCA 

Endpoints Key inputs 

Environmental impact of retrofitting activities Retrofitting Emissions 

Estimate environmental impact after retrofitting 
activities 

Total change of SFOC (%) 

SO2 reduction (%) 

Particulate reduction (%) 
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4.2 Sensitivity Analysis of conceptual ship design 

Sensitivity analysis is carried out in the investigation of the impact of one or more key design parameters 
on specific project outcomes (the endpoints of the analysis).   

The conceptual ship design has principally to fulfil the technical terms specified in the relevant order. Thus, 
the fulfilment of these constraints can be considered as the important outcomes of this phase, obviously 
being obligatory for a successful design. When such terms describe parameters that are not direct inputs 
to the design, but rather form goals of the design, there is always an inherent variation in their achievement. 
In such cases, the sensitivity analysis can quantify the influence of key design input parameters on the 
examined outcome, supporting in this way the design decision process, also highlight in some cases the 
risk involved.  

The cost estimate of the designed product (either new building or retrofitting) is among the important 
outcomes (endpoints) of the design. 

For the definition of the key design input parameters, it is convenient to distinguish the bulk of the input 
parameters in primal and derived ones. For example, if the basic dimensions L, B, D, T of the ship and the 
hull form coefficients are considered as primal and thus independent parameters, then the displacement 
and all the hydrostatic parameters are derived parameters, i.e. depended. However, it is not always 
straightforward, which parameter is primal and which dependent, and the adopted design process should 
make the selection. 

Summarising, in the conceptual ship design the sensitivity analysis can be implemented to support the 
achievement of the order requirements, defined as endpoints, by examining the influence on them of 
adequately selected design parameters, seeing as key inputs. Furthermore, the sensitivity analysis can 
also be used for the estimation of the cost associated with CAPEX, OPEX and DEPEX (endpoint) by 
examining the influence of the input design parameters (key inputs), after having fulfilled the specific terms 
of the order, which are now considered as constraints of the analysis  

The following tables present three case studies related to the sensitivity analysis associated with the 
conceptual ship design accounting for life-cycle cost (see Table 4) and shipbuilding limitation of SME (see 
Table 5) and hybrid propulsion design and retrofitting for a short route ferry accounting for life-cycle cost 
and environmental impact (see Table 6) with some indicative endpoints and corresponding key inputs. 

 

Table 4: Conceptual ship design accounting for life cycle cost 

Endpoints Key design input parameters 

The total amount of cargo per year 

Number of voyages per year 

Transported cargo per ship per voyage 

DW of ships 

Required Freight Rate;  

Profit;  

Profitability; 

Number of ships,  

Speed, 

Length between perpendiculars,  

Breadth,  

Draught,  

Depth,  

Block coefficient 

 

Table 5: Conceptual ship design accounting for life-cycle cost and shipbuilding 
limitation of SME 

Endpoints Key design input parameters 

The total amount of cargo per year Number of ships,  
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Number of voyages per year 

Transported cargo per ship per voyage 

DW of ships 

Required Freight Rate;  

Profit;  

Profitability; 

Speed, 

Length between perpendiculars,  

Breadth,  

Draught,  

Depth,  

Block coefficient  

Constraints derived from the limitation of 
SME to build new ships 

 

Table 6: Hybrid propulsion design and retrofitting for a short route ferry 
accounting for life-cycle cost and environmental impact 

Endpoints Key inputs 

Benefits of applying hybrid propulsion 
Average sailing emissions 

Average emissions at the port 

Compare different propulsion options 
(D-M, D-E or Hybrid) 

Average sailing emissions 

Average emissions at the port 

 

 

4.2.1 Conceptual ship design 

4.2.1.1 Ship design set-up 
To perform a sensitivity analysis of ship design governing parameters, the "Fleet composition" and 
"Conceptual design" tasks are defined for specific transportation conditions of a cargo flow, where the 
optimal design solution are related to a number of ships, speed and deadweight of required ships (external 
task) and the main dimensions and ship hull form coefficients (internal task) [9] [10]. 

The optimisation of the object function, F(X, Q) is formulated as: 

𝐹(𝐗∗) = 𝑚𝑖𝑛𝐹(𝐗, 𝐐) , 𝐗 ∈ 𝐄𝑛      (6) 

which is subjected to design constraints: 

   𝐇{ℎ𝑖(𝐗, 𝐐)} > 0, 𝑖 = 1,2, … , 𝑚      (7) 

where X is the vector of design variables x1, x2, …, xn, X*(x1*, x2*, …, xn*) is the vector optimum design 
solution, hi(X, Q) are the inequality constraints as a function of the design variables X and uncontrollable 
parameters Q. 

The components of the vectors of the design variables X, constraints, hi, and uncontrollable parameters, 
Q are part of the external and internal tasks. The vector of design variables, X includes the number and 
speed of the ships, XЕ (external task); main dimensions and ship hull form coefficients, XI (internal task).  

Uncontrollable parameters, in most cases, are input variables in the mathematical model and are defined 
as descriptors of the transportation scenario and cargo flow (characteristics of the cargo, voyage distance, 
port performance, crew number, etc.); descriptors of the ship (coefficient of structures etc.); descriptors of 
the economic performance (normative and statistical coefficients etc.). 

Similarly, the vector of constraints includes constraints related to the external task, НЕ and internal task, 
НI. The optimal solution is obtained by employing the Sequential Unconstrained Minimization Technique, 
SUMT as defined by [11] [14]. 
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This algorithm is based on the nonlinear programming (Eqn  6 and 7) without constraints by introducing a 
penalty parameter. The solution is based on a sequential unconstrained minimisation of the transformed 
objective functions P(X, Q, rk) in the following form: 

𝐏(𝐗, 𝐐, 𝑟𝑘) = 𝐅(𝐗, 𝐐) + 1/𝑟𝑘∑{𝑚𝑖𝑛[0; 𝐇(𝐗, 𝐐)]}2   (8) 

𝐅(𝐗∗) = lim{𝑚𝑖𝑛 𝐏(𝐗, 𝐐, 𝑟𝑘}, 𝑟𝑘 → 0       (9) 

where rk is the penalty parameter, rk > 0. 

This algorithm allows eliminating the intermediate checks for the compatibility of the design solution with 
the constraints. 

The transportation scenario involves transportation of cargo, mainly containers, from the terminal, T to 
Port 1, P1 and Port 2, P2 and return as can be seen in Figure 7 [9]. 

 

Figure 7: Transportation scenario 

 

The amount of transported cargoes is as follows: 

 The total amount of cargo from Terminal to Port 1 and Port 2 and vice versa per year is 
Qsum=1,000,000 tons; 

 Cargo from Terminal to Port 1 and vice versa is Qt1 = Q1t = kt1.Qsum; 

 Cargo from Terminal to Port 2 and vice versa is Qt2 = Q2t = kt2. Qsum; 

 Cargo from Port 1 to Port 2 and vice versa is Q12 = Q21 = k12.Qsum. 

It is assumed that the cargo consists of 16-ton TEU containers. It is considered 10% void space in the 
transported containers, resulting in the average weight of one container of 14.65 tons. 

The distances between the ports and terminal are: 

 Terminal - Port 1 = 1161 nm; 

 Port 1 - Port 2  = 339 nm. 

The cargo handling time is: 

 Terminal    630 TEU/day; 

 Port 1     570 TEU/day; 

 Port 2    520 TEU/day. 

The freight rate per ton of cargo is: 

 Terminal - Port 1   = 30 €/ton; 
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 Terminal - Port 2  = 40 €/ton; 

 Port 1 - Port 2   = 10 €/ton. 

The type of ships is multi-purpose, intended for the transport of bulk and other dry cargoes. The ships are 
equipped with cranes for loading and loading of containers. 

The ships are single-decked, with an engine room located aft, a single propeller with a slow-speed diesel 
engine, and a superstructure located extremely aft. There is a bulb bow and transom stern. 

The design parameters are defined as the number of ships, Ns, speed, kn, Vs, the length between 
perpendiculars, m, Lpp, breadth, m, B, draught, m, d, depth, m, D and block coefficient, CB. There are no 
formal constraints to the design variables. The design solution of the transportation of cargo is controlled 
by an indicator, PQsum, which is defined as: 

PQsum = TCsum/ Qsum        (10) 

where:  

TCsum = Ns Nv TCsv         (11) 

where Nv is the number of voyages per year and TCsv is the transported cargo per ship per voyage. The 
condition when PQsum =1 indicates that the total amount of cargo is transported in one year. The required 
deadweight of the ships is provided by the condition when PDw =1 defined as: 

PDw = DW/ DWr         (12) 

where DW is the estimated deadweight and DWr is the required one. 

In the cases where the deadweight is a resultant value, the buoyancy index, PFL is defined as: 

PFL= Δ/ (LW+DW)         (13) 

where Δ is the weight displacement, tons, LW is the lightweight, tons and DW is the deadweight, tons. 

The condition when PQsum=1 represent the case where the buoyancy equilibrium is satisfied. Additionally, 
some functional constraints are also satisfied including summer freeboard, PFB; minimum stability with 
containers, PGMc; sufficient cargo volume, Pv. 

The objective function may use one of the following indicators: Required Freight Rate, RFR; Profit, Pr; and 
Profitability, Re. The required freight rate is defined as: 

   RFR = (OPEX + CFR.CAPEX)/Q, €/ton      (14) 

where OPEX is the operational cost per year, CFR is the capital recovery factor, CAPEX is the capital 
expenditure, € and Q is the transported cargo per year, tons. A recent analysis about a CAPEX estimation 
in the condition of an SME shipyard was presented in [12]. 

The profit is defined as: 

Pr = (Rev– OPEX) / Q, €/ton       (15) 

where Rev= Q.FR is the revenue per year, €, FR is the market freight rate, €/ton and Q is the amount of 
transported cargo, tons. 

The profitability is defined by: 

Re = (Rev – OPEX) / CAPEX, %       (16) 

The above indicators are of a universal nature and are often used in assessing the economic efficiency of 
complex technical systems. The required freight rate assesses the rate of return on the initial investments; 
the profit includes only the revenues from the shipping activity. Through the profitability, the effectiveness 
of the investments, accounting for the operating costs and revenues from the shipping may be controlled. 
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4.2.1.2 Sensitivity analysis of conceptual ship design accounting for life cycle cost 
The defined design tasks were solved considering the three indicators: RFR, Pr and Re and the design 
solution of the optimised design variables is presented in Table 7 [9]. 

 

Table 7: Design parameters 

 Indicators RFR (min) Pr (max) Re (max) 

 Design variables 

1 Ns 3.078 3.072 2.561 

2 Vs, kn 10.411 11.549 10.592 

3 Lpp, m 123.734 126.436 129.811 

4 B, m 23.796 23.711 24.961 

5 d, m 7.156 7.108 7.322 

6 D, m 9.639 10.181 10.181 

7 CB 0.728 0.700 0.813 

 „Active” constraints 

1 PQsum 1.00 1.00 1.00 

2 PFl 1.00 1.00 1.00 

3 PFB 1.00 1.00 1.02 

4 Pv 1.09 1.03 1.09 

5 PGMc 1.00 1.02 1.04 

6 Lpp/B 5.20 5.33 5.20 

 Output 

 DW, tons 11050 10500 14300 

 Lpp/B 5.20 5.33 5.20 

 B/d 3.33 3.34 3.41 

 Lpp/D 12.84 12.42 12.75 

 

Two of the economic indicators involved in the optimisation procedure, defining the design solution, RFR 
and Pr, lead to similar optimal ships with similar main dimensions and deadweight.  

According to the profitability criterion, Re, the ship has a larger deadweight. For the three indicators, the 
Lpp/B ratio, which is associated with the ship propulsion and seakeeping performance, is close to the lower 
limit of 5.2. The ratio B/d is higher, which can be explained by the PGMc limitation, which determines the 
minimum stability in the load cargo condition with containers. 
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For the assumed transportation scenario, the number of ships needed to transport the cargo in one year 
is tree units. 

A more detailed analysis is needed to explain the relatively low optimum speed of the ship, which is close 
to the minimum one of 10 kn as a limit.  

Figure 8 shows that the design speed for ships of deadweight between 8,000 and 12,000 tons is in the 
range of 15-17 kn for the analysed 32 multipurpose vessels. The reason for the lower speed can be related 
to the assumed economic conditions and transportation scenario. 

 

Figure 8: Speed as a function of DW. 

 

In fact, it is a current practice to reduce the speed for relatively short voyages using so-called "economic 
speed". The reduction in the design speed results in a lowering in fuel and oil consumption, which may 
reduce the OPEX by 30%. 

The optimum speed is influenced by the relation between the travel time and time for cargo handling. The 
change in the voyage descriptors: the voyage duration, Ts, cargo handling time, Th, the total time of one 
voyage, Tv and the number of voyages per year, Nv, for the assumed transportation scenario as a function 
of the deadweight and speed is presented in Figure 9 [9]. 

As the speed of the ship increases, the voyage time decreases. For the ship with greater deadweight, the 
time for handling the cargo also increases, which leads to an increase the total voyage time. In the case 
of a relatively short operational distance between the ports, the cargo handling time may be synchronised 
with the voyage time by reducing the higher ship speed. 
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Figure 9: Voyage descriptors as a function of DW 

 

In practice, the ship can operate in different operational conditions and to be effective the speed may need 
to be reduced. In this respect, a power margin that is related to the need to provide a higher speed to 
deliver the cargo on time and the use of controllable pitch propeller, CPP that may allow an effective load 
of the main engine at speed different of the design one is analysed. 

One can see from Table 7 that the design solution depends on the chosen criterion as an objective 
function. For the deadweight range from 6,000 to 22,000 tons with a fixed speed of 15 kn the normalised 
indicators RRFR, RPR and RRE are presented in Figure 10. 

 

Figure 10: Relative economic indicators as a function of deadweight 

 

It is commonly accepted that with increasing of the deadweight, the economic efficiency of the ship 
improves - initially sharply, and then smoothly to reach asymptotic (constant values). 
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In the case of RFR and Pr, the optimum ship deadweight is between 10,000 and 12,000 tons, and after 
that one can see a slight decrease in the efficiency. Profitability increases rapidly, reaching a clearly 
defined optimum of DW between 14,000 and 16,000 tons, followed by a reduction in the efficiency. 

Figure 11 presents the required number of ships for transportation of a total amount of cargo 
Qsum=1,000,000 tons per year. For the deadweight in the range of 10,000 – 14,000 tons and speed Vs=15 
kn, the number of ships are 2.5 – 3. 

The optimal length between the perpendiculars does not differ significantly for the presented economic 
indicators as can be seen in Figure 12. 

 

Figure 11: Number of ships, Ns as a function of DW 

 

 

Figure 12: Ship length as a function of economic indicators 

 

In the case of the profit indicator, for deadweight bigger than 15,000 tons, there is a significant increase in 
the optimal length between the perpendiculars.  

The reason for this is that the profit indicator does not consider the increasing of CAPEX due to increasing 
of the ship length. The breadth of the vessel varies in narrow ranges for the three indicators as can be 
seen in Figure 13. 
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Figure 13: Ship breadth as a function of economic indicators 

 

Table 8 presents some results of the analysed ship the main dimension ratios in the deadweight range of 
14,000 to 16,000 tons [9]. 

 

Table 8: Dimension ratios 

Indicator Lpp/B B/d Lpp/D 

Observed 

min 5.10 2.42 11.25 

max 6.30 3.12 15.32 

Constraints 

min 5.20 2.00 8.00 

max 12.00 4.00 18.00 

 

The Lpp/B ratio, which is commonly referred to as an indicator of the ship propulsion and seakeeping is at 
or close to the minimum values, typical for wider ships. The B/d ratio, which influences the stability, is close 
to its upper limit. The Lpp/D ratio as an indirect indicator of the stiffness of the ship structure takes values 
close to the average one. 

 

4.2.2 Sensitivity analysis of conceptual ship design accounting for life-cycle cost and 
shipbuilding limitation of SME 

To perform a sensitivity analysis, a study of the economic efficiency of cargo transportation with a ship 
built under the constraints of an SME shipyard is conducted, where ships with a DW range from 4,000 to 
5,500 tons are analysed. Two case studies are analysed accounting for the SME constraint [9] [13]. The 
set-up of the design was presented in the previous section. Case Study 1, CS1, the transportation scenario 
was already presented in the previous section and Case study 2, CS2 is characterised with a cargo volume 
of Qsum = 500,000 tons. 
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Distance b/w ports: 

 Terminal – Port 1:   340 nm 

 Port 1 – Port 2:  420 nm 

Freight rate: 

 Terminal - Port 1  10 €/ton 

 Terminal – Port 2  10 €/ton 

 Port 1 – Port 2   12 €/ton 

 

For both case studies, the constraints are related to the ship hull constructional capacity of the facilities of 
an SME shipyard [8] [9] [12], where the breadth of the ships cannot be bigger than 16 m. 

The profitability, Re is considered an objective function, and a speed of 14 kn is adopted. Table 9 and 
Table 10 present the output design parameters in the case of restriction and without restriction concerning 
the breadth of the ships. The constraints that set up the optimum solution are related to the requirements 
of transportation of the cargo volume, minimum intact stability and summer freeboard waterline. 

The imposed constraint in the breadth of the ship is active in the investigated range of the deadweight and 
leads to an increase of the length and block coefficient of the ship as can be seen in Table 10.  

 

Table 9: Output design parameters, Case study 1, without restriction 

DW, tons 4,000 4,500 5,000 5,500 

Relative values of Re (RRe) 

RRe 1.000 1.058 1.107 1.168 

Design variables 

Ns  5.841 5.295 4.869 4.520 

Lpp, m 93.576 103.342 106.187 114.988 

B, m 17.73 17.385 17.837 18.002 

d, m 5.567 5.818 6.069 6.184 

D, m 6.979 7.418 7.786 8.057 

CB 0.650 0.650 0.656 0.656 

Main dimensions ratio 

Lpp/B 5.278 5.944 5.953 6.388 

B/d 3.185 2.988 2.939 2.911 

Lpp/D 13.408 13.931 13.638 14.272 
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Table 10: Output design parameters, Case study 1, with restriction 

DW, tons 4,000 4,500 5,000 5,500 

Relative values of Re (RRe) 

RRe 0.993 1.052 1.096 1.123 

Design variables 

Ns 5.882 5.297 4.874 4.517 

Lpp. m 96.49 105.923 113.199 119.477 

B. m 16.001 16.005 16.001 16.001 

d. m 5.662 5.716 5.553 5.406 

D, m 7.171 7.392 7.423 7.564 

CB 0.678 0.695 0.743 0.792 

Main dimensions ratio  

Lpp/B 6.030 6.618 7.074 7.467 

B/d 2.826 2.800 2.882 2.960 

Lpp/D 13.456 14.329 15.250 15.795 

 

The relationship between the profitability, in the case of non-restricted design, and the deadweight is 
presented in Figure 14. The effectiveness of the ship with a restricted breadth decreases with increasing 
the length of the ship. The relation between the relative profitability for restricted Re(R) and non-restricted 
Re(NR) ships is presented in Figure 14 as a dotted line. The decreasing of Re due to the constraint related 
to the breadth varies from 0.7 – 3.1 %. 

The profitability of ships with a deadweight in the range from 4,500 to 5,500 tons without a restriction on 
the breadth is about four times lower than for the ships with deadweight around 14,000 tons. With a 
limitation of the breadth, the profitability additionally drops down by about 4% [9]. 

 

Figure 14: Relative profitability as a function of DW. CS1 
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The output design parameters for the Case study 2 are presented in Table 11 and Table 12. 

The impact of the restricted breadth leads to a relative lengthening of the ship and increasing the block 
coefficient, which may explain the reduction of the efficiency (see Figure 15) [9].  

The relatively short voyages and associated lower freight rate, in comparison to Case study 1, which 
reduces the profitability about two to three times. 

 

Table 11: Output design parameters, Case study 2, without restriction 

DW, tons 4,000 4,500 5,000 5,500 

Relative values of Re (RRe) 

RRe 1.000 1.112 1.219 1.307 

Design variables 

Ns  2.186 1.997 1.844 1.720 

Lpp. m 98.809 101.332 104.215 109.985 

B. m 16.145 16.878 17.229 18.075 

d. m 5.74 5.859 5.861 5.858 

D. m 7.258 7.461 7.551 7.633 

CB 0.65 0.662 0.693 0.695 

Main dimensions ratio 

Lpp/B 6.120 6.004 6.049 6.085 

B/d 2.813 2.881 2.940 3.086 

Lpp/D 13.614 13.582 13.801 14.409 
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Table 12: Output design parameters, Case study 2, with restriction 

DW. tons 4,000 4,500 5,000 5,500 

Relative values of Re (RRe) 

RRe 0.983 1.094 1.188 1.220 

Design variables 

Ns 2.193 2.002 1.854 1.737 

Lpp. m 102.379 108.310 115.114 121.491 

B. m 16.001 16.000 16.001 16.001 

d. m 5.484 5.594 5.471 5.294 

D, m 7.010 7.265 7.194 7.535 

CB 0.669 0.693 0.738 0.794 

Main dimensions ratio 

Lpp/B 6.398 6.769 7.194 7.593 

B/d 2.918 2.860 2.925 3.022 

Lpp/D 14.605 14.908 16.001 16.124 

 

 

 

Figure 15: Relative profitability as a function of DW for restricted and non-restricted 
breadth, CS2 

 

However, in the case of a ship with a design constraint due to the SME construction limitation and without 
shipbuilding restriction in the cargo transportation condition of Case study 2, the effectiveness of the two 
design ships is not very different, which is in the range of 2 % (see Figure 15).  
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4.3 Sensitivity Analysis in SHIPLYS LCT  

Regarding the application of sensitivity analysis in SHIPLYS LCT software, developed in WP5 of the 
project, the same approach is implemented. The database is designed to consider the sensitivity analysis 
and results to be determined from the analysis. 

 

4.3.1 Sensitivity considerations 

Since the sensitivity approach is presented in previous sections, it is significant to present how the analysis 
is carried out in the software. First of all, the structure of the software is designed to consider four life 
stages: construction, operation, maintenance and scrapping. Under different life stages, there are various 
activities associated with different data types, such as engine prices, fuel prices, transportation fees and 
so on. However, concerning the data availability, default database with considerations of sensitivity levels 
(SL) are provided, i.e. average, minimum and maximum level. All data are collected from various realistic 
sources, in particular, literature, technical guidelines, manufacturers’ information and so on. The average 
level dataset uses the average values of all gathered data for concerned parameters; the minimum level 
dataset uses the minimum values of these data, and the maximum values will be chosen for the maximum 
level dataset. Table 13 presents an example of an established database including three levels of the 
dataset which are considered as default values. 

 

Table 13: An example of an established database of engines 

 Engine Average Minimum Maximum Unit 

1 No. of Engines 3 3   

2 Engine weight 3.2 1 10 ton 

3 Engine price 10000 5000 15000 € 

4 Engine output 106.8 50 200 kW 

5 SFOC 212.6 190 230 g/kWh 

6 SFOC_LO 50 35 65 g/kWh 

 

With these three sets of data in the database, the user will be able to select to analyse three different 
scenarios: 1) all data/parameters are under average level; 2) all data/parameters are under minimum level; 
3) all data/parameters are under maximum level. As a default function included in the LCT software, it will 
allow the user to use the software even in the case that the real data are not available and also it provides 
the freedom of end user to modify the values of any parameters based on their data. 

To make this analysis meaningful to the user, the investigation of sensitivity from the perspective of local 
and global will be presented in the following sections. 

 

4.3.2 Local Sensitivity Analysis 

The purpose of local sensitivity analysis is to investigate the impact of one parameter on the final result. 
Task 5.1 in WP5 of this project is supportive of this analysis. Task 5.1 will define the LCA and LCCA 
algorithm and develop LCT software, and together with the database, it will be able to test how individual 
parameter could affect the final result. The process is as follow:  

a) Selection of default sensitivity level (0-average; 1-minimum and 2-maximum): a set of data from 

the database will be selected and associated with the algorithm and used for calculation; 



 

 

35 
SHIPLYS – Grant Agreement number: 690770  

GA Ref: Ares (2016) 2353538  

b) Selection of a database for different activities: the database contains three datasets considering 

three sensitivity levels; 

c) Change of the default value of the concerned parameter in the selected database and dataset; 

d) Run the software and compare results. 

For fuel price as an example, the following table presents the total life-cycle cost under different fuel prices. 
The fuel price used in the shipyard is 280 $/ton. It is assumed that there is a higher price of fuel as 500 
$/ton as a comparison. This table indicates that as fuel price increases from 280 to 500 $/tonnes, the total 
life-cycle cost increases accordingly. However, the new fuel price is 1.79 times the default one, but the 
increment of total life cycle cost is only increased by 1.67 times. Therefore, it provides the end user with 
an indication or a trend of total life-cycle cost under different fuel oil prices. 

Applying the same analysis process, the impacts of selected parameters with alternative values on the 
final result (total life-cycle cost) can be determined. With a range of designated values, the trend of the 
impacts can be obtained as a recommendation to end users. 

 

 

Figure 16: Comparison of Life Cycle Costs for Two Different Fuel Oil Prices 

 

4.3.3 Global Sensitivity Analysis 

Apart from the local sensitivity analysis, the sensitivity of a set of data at a global level can also be possible. 
The purpose is to provide the end user with an overall insight into the range of final results considering 
minimum, average and maximum conditions. The procedures are listed as follows:  

Selection of a sensitivity level (Average, Minimum or Maximum); 

Modify the data in the dataset according to end users’ data (optional); 

Run the software (with different datasets, either using build-in or modified versions); 

Compare results. 

An example of global sensitivity analysis considers original data as average values, and minimum and 
maximum values will be 10% different from the original/average values. The result is presented in Figure 
17. This figure also indicates the range of the results due to the variation of sensitivity levels which is from 
around 3.9 million dollars to 4.9 million dollars to 6.1 million dollars. 
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Figure 17: Comparison of Life Cycle Costs under Three Different Sensitivity Levels 

 

5 Conclusions 

The current deliverable has presented the challenges in acquiring adequate and qualitative data, the 
process of collecting data within the project and the development of different methodologies for gaining 
confidence in existing data, quantify and deal with uncertainty, and performing a Sensitivity Analysis to 
key inputs in the various phases of the ship design process and life cycle estimations. Finally, a glimpse 
of the SHIPLYS Life Cycle Tool has been demonstrated, by presenting the Sensitivity Analysis approach 
that will be implemented in the LCT software, developed in WP5 of the SHIPLYS project. 

The importance of  good quality data and the development of a complete database used by the SHIPLYS 
tools is highlighted throughout this deliverable. For SMEs to be able to validate and compare different ship 
designs and present an optimal proposal at an early bidding phase, the data used must provide certain 
reliability. 

Thus, the development of an efficient methodology to assess the quality and criticality of the data used in 
the development of innovative ship design is critical for the success of the bidding process. 
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Appendix: SHIPLYS Parameters list 

(Sorted by activity/ including data sources) 
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A122 Create preliminary design 
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A124 Calculate cost of ship 
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A126 Create preliminary design for retrofitting purposes 
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A127 Estimation of environmental impact 
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A128 Estimation of risk 
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A129 Perform preliminary planning of production 

 


