| A
SHIPLYS

Grant Agreement no: 690770

Ship Lifecycle Software Solutions (SHIPLYS)

Project Deliverable Report

D4.2 Data Quality and Criticality Assessment

Version: 5.0
Author: Panagiotis Evangelou (NTUA)

Contributors: Yordan Garbatov (IST), Elif Oguz (SU), Xiaofei Cui (TWI),
George Katsaounis and Nicholas Tsouvalis (NTUA)
Internal reviewers: Ujjwal Bharadwaj (TWI)

Deliverable due date: 2018-08-31

Actual submission date: 2018-09-17

Work package: WP4
Task: T4.2
Dissemination level: Public (PU)
Lead beneficiary: NTUA

Status: Final



VERSION AND CONTROLS

o
SHIPLYS

Version Date Reason Editor
1.0 2018-04-23 | First draft
2.0 2018-05-04 | Contribution from IST and NTUA
3.0 2018-07-13 | Contribution from SU, TWI and NTUA
4.0 2018-07-25 | Contribution from IST and NTUA N. Tsouvalis
4.1 2018-09-14 | Review U. Bharadwaj
5.0 2018-09-17 | Final version for submission X. Cui

Acknowledgement:

The research leading to these results has received funding from the European Union's Horizon 2020
research proagramme under grant agreement No. 690770.

Disclaimer: This document does not necessarily represent the opinion of the European Commission. Neither the SHIPLYS Consortium nor the
European Commission are responsible for any use that might be made of its content.

The SHIPLYS logo cannot be used without permission of the SHIPLYS Consortium Partners. Copyright to this document is retained by the

author(s).

SHIPLYS — Grant Agreement number: 690770

GA Ref: Ares (2016) 2353538



s
SHIPLYS

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.
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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:
e Early design parameters
e LCCA parameters

¢ Risk assessment parameters

Specific information about each parameter is given as (see Figure 2):
e Parameter name,
¢ Physical quantity,
e Unit of measurement,
e Type (e.g. numerical, logical, alphanumeric, etc.),
e Short description,
e Source type,
e Source or link to the source (i.e. link to pdf, worksheets, tables, etc.),
e Activity to which this parameter is related to (designation following the ISO standard adopted in the
SHIPLYS tool),

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

e 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:

e A122 Create preliminary design,
e Al24 Calculate the cost of the ship,
o Al126 Create an initial design for retrofitting purposes,
o Al27 Estimation of the environmental impact,
e A128 Estimation of risk,
e 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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‘ A122 Create preliminary design

|er

A124 Calculate cost of ship

| prefiminary hull

A126 ..retroffiting purposes

dimensions and
s_|parameters | 51
« |(Basicparameters) Y [ 1 e o | o |
Vesseltype Non- none | Chara | definition of the | Specific| shipowner requirements |A1221 - Create 1
| dimensi |cter |vesseltype, ez |vale | prefiminary hull
onal RORO, MPV, Bulk | form
H ! - L} il | Camier ! : i
Deadweight Mass |tons |Real |vessel's deadweight shipowner requirements A1221 - Create 1
| [ |- cargo capacity | prefiminary hul
= — C— — = < = s form = —
Number of containers | Non- none |Real |numberof cargo shipowner requirements A1221-Create 1
{if appiicable} dimensi | | containers | prefiminary hull
. |onal | | | |form
Number of cars | Non- none {real |numberof cars shipowner reguirements |A1221 - create 1
(f2ppicable) dimens |tranzported | prefiminary hull
. jonal | || | |form
Number of passengers Non- none |real |numberof shipowner reguirements |A1221 - create 1
[fapplicable) | dimensi | passengers fpve“m-na'y hull
| ona | ! |transported ! | . 3 [form
Operational range |Length |nm |real | maximum distance shipowner requirements |A1221 - Create 1
| of the route on | prefiminary hull
| which the new |form
| vessel will operate
= ! 9 ! ;INm) ,, | — - !
Service speed |Speed | knots |Real |vessel's service shipowner reguirements |a1221 - Create 1
| speed | prefiminary hull
: | i | | [ | B I [form :
Yearof buit | Date none | Integ |vessel's year of built |Other |shipdata |A1221 - Create ¥

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.

SHIPLYS — Grant Agreement number: 690770
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e 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.

e 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
9
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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:

_ Tk (xi—%)?

Var(x) = si = ==t —— (1)

n-1

Z{;l(xi_f)z (2)

S =
X n-1

where n is the size of the sample and the sample has a finite data set of x, x5, x5 ... 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, s, is read as the standard deviation of the individual x’s.

The standard error, given by Egn 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].

Sx
b= (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.

10
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Confidence intervals

A confidence interval (Cl) 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, Cl 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 Cl 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, Cl 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.

A A
Most likely Most likely
Triangular Trapezoidal
min max > min max >
A A
Mean
Uniform Normal
i 5% 95%

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 (Qol) 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:

2
0z 0z 0z
_ m m m 4
Sz = \/ j=1 (ax; ij) +2 Zj=1 Zk=j+1rxjxk (6xj Sx]-> (axk Sxk) (4)

where: x;, xz, x5 ... xp, is m different input variables, while z = f (x4, x,, x3 ... x5,) is the final output and s,,
is denoted the standard deviation of x,, . Tx;x, Tepresents the correlation in uncertainties between input

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

S, = m (62 s .)2 %)

J=1\x; %

Egn 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 SHIPLY'S 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 Cl 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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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.

16
SHIPLYS — Grant Agreement number: 690770
GA Ref: Ares (2016) 2353538



s
SHIPLYS

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

Main dimensions
DWT, Capacities (cars, passengers) Hull form

Compartmentation

Total installed power
Maximum Ship Speed Hull form

Propeller design, coefficients

Propulsion efficienc Power split between Diesel and Electric
P y propulsion system and capacity of the systems.

Total energy efficiency Electric system design

Operational speed selection

Cost efficiency (actually, part of the LCCA) Design to accommodate operation modes
(Battery charging cycles, D-E load combination

scenarios)

. _ _ Material selection
End of life scrapping, recycling

Battery disposal Battery selection
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Scenario 2 — Conceptual sh

ip design accounting for LCCA

Key inputs

Endpoints
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 retrof

itting 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 materials

] , Cost of machinery
Cost of the novel hybrid propulsion system _
Cost of engine/ER

Cost of steel per ton

Average sailing days per year loaded
Average days per year at port loading

Average daily fuel/other consumption when
sailing loaded

Cost of operation 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

Cost of materials per ton for
structures/compartment

Cost of machinery

Cost of engine/ER

Estimate cost of construction based on shipowner | welding cost per meter

requirements _
Cutting Steel/Cost per m length

Sanding Steel/Cost per m2
Average Paint used/painting costs
Cost of steel per ton

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

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

_ , Scrap material
Estimate cost of scrapping

Scrap recycled
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Scenario 3 — Ship retrofitting accounting for LCCA

Endpoints Key inputs

_ o Cost of equipment and outfitting
Estimate cost of retrofitting ,
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 El

Environmental Impact — Endpoints and Key inputs for SA

Scenario 1 — Hybrid propulsion for a short route ferry

Endpoints Key inputs

_ ) . . Average sailing emissions
Benefits of applying hybrid propulsion o
Average emissions at the port

Compare different propulsion options (D-M, D-E | Average sailing emissions
or Hybrid) Average emissions at the port

Scenario 2 — Conceptual ship design accounting for LCCA

Endpoints Key inputs

Construction emissions
Compare the environmental impact of CO, emission factor
construction of different developed ship designs 2

NOx emission factor

Average sailing emissions

Compare the environmental impact of the Average emissions at port
operation of different developed ship designs CO, emission constant at sea/ port

NOXx emission constant at sea/ port

Scenario 3 — Ship retrofitting accounting for LCCA

Endpoints Key inputs

Environmental impact of retrofitting activities Retrofitting Emissions

Total change of SFOC (%)
SO2 reduction (%)

Particulate reduction (%)

Estimate environmental impact after retrofitting
activities
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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

s
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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

_ ) _ _ Average sailing emissions
Benefits of applying hybrid propulsion o
Average emissions at the port

Compare different propulsion options Average sailing emissions

(D-M, D-E or Hybrid) 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 € E" (6)
which is subjected to design constraints:
H{h;X,Q)}>0,i=12,..,m )
where X is the vector of design variables xi, Xz, ..., 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, h;, and uncontrollable parameters,
Q are part of the external and internal tasks. The vector of design variables, X includes the humber and
speed of the ships, Xe (external task); main dimensions and ship hull form coefficients, X, (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, He and internal task,
H.. 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, r) in the following form:

P(X, Ql rk) = F(X' Q) + 1/rk2{min[0; H(Xr Q)]}Z (8)
F(X*) = lim{minP(X,Q, 1}, 7, = 0 9
where ry is the penalty parameter, r > 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].

Q,,
- e —
Terminal
ﬁ
Q,

QtZ Q12 Q21
Q,

Port 2

Figure 7: Transportation scenario

The amount of transported cargoes is as follows:

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

e Cargo from Terminal to Port 1 and vice versa is Qu = Q1 = Ki1.Qsum;
e Cargo from Terminal to Port 2 and vice versa is Qw = Qat = Kiz. Qsum;
e 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:
e Terminal - Port 1 =1161 nm;
e Portl-Port2 =339 nm.

The cargo handling time is:

e Terminal 630 TEU/day;
e Portl 570 TEU/day;
e Port2 520 TEU/day.
The freight rate per ton of cargo is:
e Terminal - Port 1 = 30 €/ton;
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e Terminal - Port 2 =40 €/ton;
e Portl-Port2 =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, Lyp, breadth, m, B, draught, m, d, depth, m, D and block coefficient, Cg. There are no
formal constraints to the design variables. The design solution of the transportation of cargo is controlled
by an indicator, Pgsum, Which is defined as:

Pqum = TCsuml/ Qsum (10)
where:
TCsum = Ns Nv TCsv (12)

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 Ppy =1 defined as:

Pow = 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, Pg_is defined as:

Pr= A/ (LW+DW) (13)
where A 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, Prg; minimum stability with
containers, Pewmc; sufficient cargo volume, P,

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 Cs 0.728 0.700 0.813
»#Active” constraints
1 Pasum 1.00 1.00 1.00
2 Pr 1.00 1.00 1.00
3 Pes 1.00 1.00 1.02
4 Py 1.09 1.03 1.09
5 Pomc 1.00 1.02 1.04
6 Lppo/B 5.20 5.33 5.20
Output
DW, tons 11050 10500 14300
Lpo/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
Lop/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 Pgwmc 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.
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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 Rrrr, Rrr @nd Rre are presented in Figure 10.
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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.
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Figure 11: Number of ships, Ns as a function of DW
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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.

28
SHIPLYS — Grant Agreement number: 690770
GA Ref: Ares (2016) 2353538



s
SHIPLYS

31

29
27
25
E 23 <
D s - & RFR
- & - Profitability
19 —a— Profit n
17
15
5000 10000 15000 20000 25000
DW, t

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 Lyp/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 Ly,/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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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
Cs 0.650 0.650 0.656 0.656
Main dimensions ratio
Lop/B 5.278 5.944 5.953 6.388
B/d 3.185 2.988 2.939 2911
Lpp/D 13.408 13.931 13.638 14.272
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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
Cs 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
Lop/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].
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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
Cs 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

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

breadth, CS2

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
Cs 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
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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 (0O-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;
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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.

Comparison of Total Life Cycle Cost
Total Life Cycle Cost ($)

0 1,000,000 2,000,000 3,000,000 4,000,000 5,000,000 G,000,00

-------------------------------

Construction |

Operation | |

Maintenance

Life Stages

Scrapping

Total *

|I Fuel Price $290/tonne M Fuel Price $400/tonne ™ Fuel Price $5|I"II,’t-:-nne|

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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Comparison of Total Life Cycle Cost
Total Life Cycle Cost ($)
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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.

36
SHIPLYS — Grant Agreement number: 690770
GA Ref: Ares (2016) 2353538



s
SHIPLYS

6 References

1. Papanikolaou A., 2014. Ship Design - Methodologies of Preliminary Design. Springer Dordrecht
Heidelberg New York London

2. Bevington, P. R. &Robinson, D. K. 2003. Data Reduction and Error Analysis for the Physical
Sciences, 3rd edition, McGraw-Hill, New York

3. Marc C. Kennedy, Anthony O'Hagan, Bayesian calibration of computer models, Journal of the
Royal Statistical Society, Series B Volume 63, Issue 3, pages 425-464, 2001

4. Kirchner, James, 2001. Data analysis toolkit#5: Uncertainty analysis and error propagation,

University of California, Berkeley, Analysis of environmental data course pages

Christopher L. Stevenson, 2000. The Statistics of Measurements, University of Richmond

U.S. Government Accountability Office (GAO), 2009. GAO Cost Estimating and Assessment

Guide: Best Practices for Developing and Managing Capital Program Costs. GAO-09-3SP,

Washington, D.C

7. X.Cui, U. R. Bharadwaj and P. Zhou, 2017, A framework for multi-criteria decision analysis (MCDA)
applied to conceptual stage of ship design: Maritime Transportation and Harvesting of Sea
Resources. 2017: pp 897-904 LONDON: TAYLOR and FRANCIS GROUP ISBN 978-0-8153-7993-
5

8. Atanasova, |., Damyanliev, T. P., Georgiev, P. & Garbatov, Y. 2018. Analysis of SME ship repair
yard capacity in building new ships. Proceedings of MARTECH. London: Taylor & Francis Group.

9. Damyanliev, T., Georgiev, P., Atanasova, |. & Garbatov, Y. 2018. Design and optimisation of
multipurpose ship fleet accounting for the constraints of SME shipyard and cargo transportation
needs of regional economy. Proceedings of MARTECH. London: Taylor & Francis Group.

10. Damyanliev, T. P., Georgiev, P. & Garbatov, Y. 2017. Conceptual ship design framework for
designing new commercial ships. In: Guedes Soares, C. & Garbatov, Y. (eds.) Progress in the
Analysis and Design of Marine Structures. London: Taylor & Francis Group, 183-191.

11. Fiacco, A. V. & McCormick, G. P. 1968. Nonlinear Programming: Sequential Unconstrained
Minimization Technigues, Chichester, England, Wiley.

12. Garbatov, Y., Ventura, M., Georgiev, P., Damyanliev, T. P. & Atanasova, |. 2017. Investment cost
estimate accounting for shipbuilding constraints. In: Guedes Soares, C. & Teixeira, A. (eds.)
Maritime Transportation and Harvesting of Sea Resources. London: Taylor & Francis Group, 913-
921.

13. Garbatov, Y., Ventura, M., Guedes Soares, C., Georgiev, P., Koch, T. & Atanasova, |. 2017.
Framework for conceptual ship design accounting for risk-based life cycle assessment. In: Guedes
Soares, C. & Teixeira, A. (eds.) Maritime Transportation and Harvesting of Sea Resources.
London: Taylor & Francis Group, 921-931.

14. Himmelblau, D. 1972. Applied Nonlinear Programing, New York, McGraw — Hill.

o g

37
SHIPLYS — Grant Agreement number: 690770
GA Ref: Ares (2016) 2353538



|
SHIPLYS

Appendix: SHIPLYS Parameters list
(Sorted by activity/ including data sources)
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paramseter to the =

artiwicy mode)

'Waterplare Cosfficent Cwp Fon= e An initial estimate of Cwp i wed| Fdemiula Thioemiae Lamih, Crapter 11, voluma 1 page 16 A17717 = Estinate form 1
dimansional T estimate the transverse and — - —_ DT B
Ioegituinal inrtia properties of Eaguautiican ApplicamilineSuur-e
. Cope = 0180 + (L4 Series &
calcelata: By, and B, Cope = Db+ (1920 € [P | [ s——
warships (2}
Oy = CfDAT + Q851 Cip fankery and hulke carmers
{iTH
Cop =175 & LB75 Cp sarghe wCnew, CrusaT sl
U = (L2834 0300 T el SOFE, GdiEET Al
Copp = (L2824 CLHIAIC, i ace, STANSONS S1ECR
Cpy = 2 Setmeckiath 1 (17)
Cop = (1 + 2 Ty 23 Schmeckbath 2173
Coap BB e L0 = Cpl'™ Wi haills
Cp =il + 20500 Mvesragn hulls, Rid-
diswword (2
Cor = Cy s Veform Bulis
JLED = oulbhc Fesnis ol cubiic Bangihi*breadth"depth = Ot calculated, depend of paramater LBE,D A1TZT11 = Estienate mnain 1
Ll dimansions amd
= .
A12213 Do
412214 Generate initial hull Torm
Im
Ehcllbaicrs b (0 Bio, 1 = Yes) Mon= L= [ off Bl b N e difinesd A1TT14 = Ganarate initgal
dimansional NECCESIY, vl fonen dhefiniticn
e derfinged
Stern fone (L, V, normal] PFion= o Type of st foem nan ke difingsd A17214 = Ganerate indtial
dimansional LRSSy, el fonen definiticn
s derfined
| el bl | 1) or twiim sk (2) Fion= [ Type of bl - 2t nan ke difingsd A1Z214 - Ganarate indtial
dimansional LRSI, el foren dedimiticn
user defined
Jwinial hydrostatic progenies
‘Waterplane area Langth [ e Tha area of 3 hill at 3 particular | Foemila calculatesd, .. “Ship Hydroatatics and Stabilitg, A Biran® A12774 - Calculate 2
Feowizonial plam, L. within the saaiility ard trim
abariines.
Moment of wanerplana afea about 2 Flomant L] Boeret of waterplame area Formiula calculated, .. “Ship Hydrostatics and Stability, A Biran™ A1T774 « Calculate 2
Ak abou 3 ransverse Jds B sralility amed trim
M, = 2_{ xyex
0
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SHIPLYS

Aow designation

LAt
designation of the
jof walue  [Type _ . Retated to ! Level st
Farameter af the |paramaet [Shon description Source Type S o Ml e s {bo which 150 activity this S M Heat coaliden
- = [i.e. link to pdf, worksheets, tables, etc.) o ¥ conesct the
marameter |er type) parameter i related] ]
i paramseter o the

ity mode)

Lorgitadinal centre of foatation (LCF) Length Thae hosnygibusclinal comtre of the calculated, .. “Ship Hydrostatics and Stability, A Sian®™
watarplane on which a vesel stability aind trim
floats. i s expressed as the ratko _.?d',
ot the moment of the ""':F_E
wiaterplane area about 3
irarswerse auis 1o the
aterplane area.
Traraverss moendnt of inertia of waterplans M omant L] Reall Transwerse moenent of ertia of | Formula calculated, .. “Ship Hydrostatics and Stability, A Biran™ ALIEZ24 = Coloulate 2
area waterplane area J'7=J-bg}"dx stability and trim
3
-
|Moment of inenia of watenplane about s | Momant Ll Rizall Bloerant of inartia of waterplane | Formula MI&wHAﬂ'ﬂ:‘ﬂ?ﬂmlw A1ZI24 - Caloulaite 2
e ik 2kt 3 Dranssvarse 2ss — = saability ared trim
Iy =2 | & pix
a
Il.mmltnfmnf Pl maant L Rezall Longitudinal moment of inertia | Formula L: 2.g. “Ship Hy % and Stability, A Biran™ A1TIR4 = Caloulate 2
waterplans anta of waterplars area 2 stability amd trim
o= Ey = xFAur
Bomant of displatonen woluma s Pl maant L Rezall Moerat of displacoment Formula L: 2.8 “Ship Hy % and Stability, A Biran™ A1TIR4 = Caloulate 2
base ling wolumi above basa ling u —J:.Tﬂwdz srakility and trim
a=
| Lcongitucingl centre of Bscyancy [LCB) Length m Reoal Longitudinal position of the Otk cakulated A17724 = Caloudate 2
cemire of graity of the displaced stability aind trim
Lrics
‘aesrticall cenire of buoyancy Langth L] Rezall Tha wartical distance betwoen Formula L: 2.g. “Ship Hy % and Stability, A Biran™ A1TIR4 = Caloulate 2
thi kel and the cemter of stadbility aimd trim
Enscryancy 6B ). I ks espressed as My
tha ratio of the: maomment of Ve ==
cisplaremiant vl oo the
displacement voleme.
£12221 Dafine: Commpanmests
Frams spacing Langth wim Rzl Spatific user defined A17771 = Dafing 2
walluie coenipatmients
| onginuingl Bulheasts position Length nm Real Spedfic user defined A1ZZ71 - Dufing 2
walue |CoTpaTmEnts
Trarsverss Bulkiaads posiion Lengh im Rizadl Spacific e defined A17771 = Dafing 2
walu ments
| Mo oot dhiachcs Mo M Integer Spadfic s defined A1EZZ] « Dafine 2
dimansional walue compartments
| Masitsar of supersinschene dedis Mon= Sioew Integer Spedfic user defined A1Z721 = Define 2
dimansional walug COipaFTMEnTs
Lewation of enging rom Langih ™ Real Epadfic user defined AL1F2F] - Dafing 2
| walue ments
|Iﬂ;-d“u Langht L] Reall Feal paramatsr, Vartical Spedfic et defirad A1ZZZ]1 = Dafing 1
chistanc Batwoen el walliie |coenpartmiants

42
SHIPLYS — Grant Agreement number: 690770
GA Ref: Ares (2016) 2353538



4

SHIPLYS

Floww designation

|deignation of the

Eource of Eak (o source wn:’ b Hiover lines that et ol
Pamamater " Source Type P T— (o which 150 activity this cxnmmct e conliden
parameter i related] 3
paramsier o the
activity Bode)
Naw spaces dedinition Fions [ Characier | Definition of new spaces reeded | Other et detired A17771 = Dafing 1
dimansional dor install ree sopuipment. oo partments
Aft Body Frame seading Langth L] Real Lergth of the ship™s aift body Spedfic et defirad ALZZZ]1 = Dafing 2
frame spacing fmm). Thive are | walue CoMpatMEnts
occasions that ks recessany 1o
carmy ot retrofitting works
{cuting] which it has influence in
tha fraime spacing-
|Fore Body Framne spacing Langth L] Real Lergth of the ship’s Tore ody Spedfic et defirad ALZZZ]1 = Dafing 2
frame spacing fmm). Thive are | walue CoMpatMEnts
ooCasiors that & mecessany to
carmy ot retrofitting works
{cuting] which it has influence in
tha fraime spacing-
\Cantrall Body Frame spacing Langth L] Real Rl paramater. Lengthoof the | Spedific et defirad ALZZZ]1 = Dafing 2
shig's. coniral Body frame walue COMparTmants
spading |men]. There are
occasions that ks recessany 1o
carmy ot retrofiting works
{eutming] which it has influsnce in
thi frame spacing-
\Cargo dewaity of sach compartment Diensity -m-n" Riad Spedfic s dfingd A17271 « Dafine 2
walug Pt mEnts
|Freeinard cabciilatians
mdmwmm Mon= mfa Character | There are T knds of Othaat by e 's requinemants; defieed in BOLL Ragpulation 27 A1TIRI3-Cakculane 2
dimansianal trewboard, Type A and Type B, nonnage, freeboard
cefired in Irnerra tonal
Conventicon on Load Lires [BOLL)
Fegulation 27
Type & : R is designed 1o carmy
ot iy Wiyl Cargoees e Bal,
Type B Al ships which do not
comi within the proviskrs
regadting typst A
|Fresboand kength Langth L] Rzl Lemgrh froen the fore side of the | Other dedisad by Full form and ICLL Regulation 3 A1EIRI3-Calkculane 2
S 10 ther anis of the nedder wonnage, resboard
s10cik of 3 waterlies: at B5 %
ckch
Immm Langth L] Rzl Thickness of the freeboand deck | Dtk dedinad by Bending SO Mg A1EIRI3-Calkculane 2
we, Iroebaard
Design dopth Langth L] Rixad Daesign dapth Otk dediradd by drait and hill foem A1 I3Calculate 2
I ronnage, frestoand
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Source Type
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Soupce of Bk (0 Sourte =
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parameter & related]

SHIPLYS

Fow designation
|designation of the
T lings that
conect the
paramsier o the
actiaity mode)

Leswiel ol
coafiden

L4

Frawboard depih Langih Rial Dusign depth + Dock plate dediead by ICLL Regalation 27 ALFIFI3Ca
thickesss fresEcard
Tabular fresboard Langth Riall Tabular frectoard ‘Otfar Calculated ALZIZI3-Calculate 2
e, fresioand
Cowrration for kgt Langth Rizall Conmection for frechoard keegih | Formula dedimad by BCLL Rogula tion ALZIFI3-Calculate 2
|sonnags, fresboard
Cosmection for depth Langth Riall Correction for resiboand depth | Formula dedimed by ICLL Regulation 31 AlZIFI3-Calculate 2
¢, Trasecand
Cosrrection for Ch Langth Riall Correction for bock cosfickst | Formula dedieed by IOUL Regulation 30 AL1ZIFI3-Calculate 2
|nonnags, fredoard
Coroction for deck shser Langth Rzl Correction ior deck theor Formula dedimed by ICLL Regulation 38 AlFIFI3-Calculate 2
e, fresefoand
Coarection for Supersinachare 2nd trunk. Langth Riall (Correciion for SUperaruchne Formula dedined by IOLL Regulation AL1FIFI3-Calculate 2
aind el tonnage, fresboard
| Minieniim bow hasgin Langth Rizall BAindmium regired bovw height | Formula dediraid by ICLL Regulation 39 ALXI2I3.Calculata 2
ronnage, fressoand
Summe freeboand Langth Riall Frstiaoard 31 semmer waterdineg | Formula dedimed by ICLL Repulation 40 ALZIZI3-Calculate 2
|nonnag, fresoard
12273 Extienaie weight
Ill.lwt Pelass Rizall Flates and sections fonming Formula statistics, caloula ted; Cubdc Numbsr Method; Rate per Metre Difference Method ALTIT3I « Estimate wisight 1
Shixll, Dutesr Baottioen, Meai
Botiom, Girders, Uppssr D, " Wekmm The arrongament af the EupRreEtructures is alreocdy Rnown, o
b Diacks, eriteria baisd in the overage weight per unit arsa (Wl con b
Bulsheads, weal, assuming That The corresponding heigght of The deoks s egual
tarefs], Seats for o 2A0
aquipment & Appendages ""V.ww - "”"}r -
:“d'itmi ior Stam s covered area of decks
? W, = 190 ks (cosTlas)
£ Fudder Stockis] W, = 210 kgsmE (eupsretrectures amidships}
amd Shaft W, = 220 MgSmE (Supersteos tures af b
Erachts
Supersinaciures waight Pelass Riall statistics, caloaated; Cargo liner [10-12% of Hull weight]; Tanker |6-E%]; Bulk carrienis=7%); of it Gan |ALZIZ3 - Estimans weight 1
b proportional to its woluma: C*V

44

SHIPLYS — Grant Agreement number: 690770

GA Ref: Ares (2016) 2353538



Faramater

Source Type

Source of Eak 1o source
(i.e. link to pdf, worksheets, @bles, etc.)

4

SHIPLYS

Flos designation
Related to :II"W_"::'";:"" Level af
{te which 150 activity this " conliden
B related] E— oW
FAMEter & rel
Lo paramEier b the

activity mode)

Machinery weight Macs tons Bograsenting: = Main Enginefs), |Formula | statistics, caloulated; for ME: A12773 = Estimate woight 1
Gaarbos [if fited], Bearings,
Shatting, Progsilerisl, _ ) [FEE]
Gararaiors, Switchboards, Weight - 12 MCE, (tonnes)
Cabling, Pumipis, Vakies, Piging RPM
[
where MOCR = Maximum Continuous Rating (kW)
EPM = Engine crankshaft revs per minute at MCR
The weight of $he remander of @e machimery was prven by
Weight= ki MR ]" |mrnes)
wherek = 008 for Bulk Carens and General Cango Shipe
5% for Taskers |due ro additional werght for cargo pempag)
el for Passenger Ships and Fermes (additional weight devoied
10 pewer for hotel services, lighting and heatng. ventilation 4
air corditioming (HY AT
slow-spead engines {1 10-1400pm) O D] Bl 4 W
medium-spoed engines in series (S00-300rpm) 001 2-00UEW
mediom-speed Wetvpe engines JAN-S00epm) T BT U
g eRs Pl i Lo Rl waight of Syitems on baard = | Spicilic walui AI22TI - Eslimale wei ghi
i Gailihlei i, 1FaRilor e,
mwthmmmp Mlacs ons Ifhlﬂ'lml:hrphﬂuﬁ( cumhuﬂtlﬂnm_hmu ALXITI « Estinate wiight 1

eguipment, Equipment and
Saclithes in the lvieg
gpairteds (such a5 furmituing,
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SHIPLYS

Fow designation

Related to lsiguation af the Lirwel ol
Hiva linizs that

i s ) ac ¢ thils:
fto which 120 activity thi conmect tha confiden

parameter i related] o — i

artiwicy mode)

Lightshin waight (L5) Mass s Rl St Waight + Ouwtfit Waighn | Spedific statistics, calodated;Lightwoight = Stodl Woight 17773 = Estimate woight 1

Machinery Weight + Margin | value + Dutfit Wizight {Includieg Refrigeration B Insulathon]
+ Mlachirsery Wieight

JuiGetis Length m Real Peition of the cenire of grasity | Formula statistics, calodated;Scakd C of G |early design siages); Real C of G later design stages) A1Z723 - Estimate weight 1
iC ol &) -Longitadinally

WO of LS Length m Rl Persition of the cenre of grasity | Formula statistics, calouated;Scaled C of G [early deskgn stages); Real C of G (later design stages) 17773 - Estimate wight 1
(Cof G) « Vertically

‘Waight of carga Mlass s Rl Fayload Formula Shipowrsr Requiremenm A1ZI77 - Calrulate 1

cagadties

Wiaight of fuel ol Mlass s Rl Tha: repuiresnent Tor fud is Formula statistics, caloulated; FO consumption s SFOC*Power *Duration 17777 = Calowlate 1
based on Enging Povwer, Fud capadties
Consum ption [SFC] ard e
charation of the voyage

‘Waight of diesel cil Mlass s Rl Tha: revpiresmen for fud s Formula statistics, caloulated; FO consumption = SFOC*Power *Duration A1ZI77 - Calrulate 1
Eased on Enging Power, Fu cagacities
(Consum ption [SFC] and th
chratioen of e voyage

‘Wiight of LIREA Mlass s real Tha requirement of UREA for | Specific 17777 « Caloulate 1
Serubber wailu cagadties

Waight of waste from gas deaning process | Mass s raal 1ntal waght of washe at 38% Spadific A12737 = Calrulate
’gn;-ﬂg walue capadites

'Wiaight of hibricant oil Mass s Rl The requirement for Formula statistic, caloulated; LO cowumption & SLOC" Power *Duration A1TT77 = Caloulate 1
Lubricatieg Oil 5 based on capadties
Ergine Poswer, Lubricatieg Oil
Consum ption and the duration
iof thix viosagie.

Craw AT Mlass s Rl Tha present alkesance for an | Spedfic Cabculated based cn ship type and sire 17777 - Calrulate F1
awerage orew member £ TS kg | value capacdties
ard If ettects fpersonal
Eslongings, hggage. baggage
i) e indheded then the
wzkst chould double.

‘Wiaight of fresh water Melass s Real Fresh water carmied based on | Formiula statistics, caloulated; extimated: 100 Btres per person per day 17777 « Caloulate 1
dhrathon, crew kst ared capadties
whatier 3 fresh water genarasor

‘Wiaight of provisions and store Mlass s Rl Stewes, in the wense of ood, Formula statistics, caloulated; proporional o the product of crew R0 and duraticnidays) 17777 = Calowlate 1
drink etc, are roremally assesued capadties
o the basks of s much
ST TR par day.
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SHIPLYS

Flove designatian
|designation of the
Mo linizs that
COMECT The
paramsier o the
artiwicy mode)

Lirwel ol
conliden

Wisight of hallact Mass Real Water ballast is neguired o give | Formula Calculates from initial trim and stability cilculation A12737 = Calowlate 1
e | o in. capacithes
thiz lightist seageing
condition and to ensure that
thi enindersen draught forsard
is sufficient o awid exresshae
samering.
|oeacucii Mass Rizal Deadweight is the differance | Formula statistics, calodated;Doadweight = Cargo Deadweight (Payhoad] A12732 - Caloulate: 1
betwaen the Displacement at + Fusl Oil capacities
ary draught and the + Diesel O
Lighmwaighn + Lubricating O
+ Hydraulic Flad
+ Boiler Feed Water
+ Fresh Water
+ Crow & Effects
+ Siores + Spare Gaar
+ Water Ballast
106 of DT Length Rizal Position of the centre of grawdty | Formula Dtermined by trim and stability reguirements A12733 - Caloulate 1
{C of G} Longitudinally capacities
WG alf DWT Langth Rizal Poaition of thi: centre of grawity | Formuls Detesmninid by trim and stability reguirmiens A12772 - Calrulate 1
{C of &) = Vertically cagacities
'Wieight of displacemaent Mass Real Design Displacesnent or Full Formula statistics, caloulated;Displacesnent = Lightwaight + Deadweight A17773 = Estimatn weight 1
Load splaceenent ks e
displacemant of the ship a1
its Sumener Load Draught in salt
wirter of davaity 1025
zoanefm3
|5tatility (evtact & iRl
Jeenact stamifiny calculations
Irore dratt Langth Rizal Th distance beteeen the Formuls calculatesd, &.g. “Ship Hydreatatics and Stability, A. Siran® A12774 - Calrulate 2
i sxaltility amd trim
o this aesdlizeny ine with the aft
perpendicular and the load line.
Aft deaft Length Rizal Thae distance between the kad | Formula calbculates, e.g. “Ship Hydrastatics and Stability, A Biran™ A1ZI74 - Caloulate 2
ling and stability amd trim
the intersection of the ausdliarny
liniz vkt the fesrwaird
| Midshin draft Length Real The draft measared in the Othwr measured by software; o by reading the Fydrostatic canes A1Z7774 « Caloulate 2
il sacthon stalality aimd trim
Trim Length Rizal Th difference batweon the Formula calculabed A122P43-Calculate trim 2
forward and aft draft.
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SHIPLYS

Fow designation

Related to lsiguation af the Lirwel ol
Hiva linizs that

(o which 150 activity this conliden
el conect the o
ramater i relate 3
parama = paramseter to the

artiwicy mode)

Anghe of flooding Angie Real Dewniflooding angle related to | Other shigwnaer requinement, caloulated ALTI24 « Caloulate 2
st stakdlity ks tha angle of stalility amd trim
Eata] a1 wahich: the boveer edge of
cpsenings i the hull,
— o dockh
that cannot B Closesd
woatheright immense.
Trarcworss metaoennnc radis Langih Raal Tha magritude of the Formula cabculated ALFIRA = Caloulabe: 2
metacantric radius (BM) is egual saaility 2 trim
1ot ratio of the waterplans
enoment of inemia, about the
auds of inclination, o the volume
of displacemant
Iwmm Langth Rixad Formiula alculatesd A12774 - Calculate 2
staility 3 brim
In‘tm’\lmmﬂvﬂ Langth Real The righiting anm curee §62) asa | Graph Cakculated by 3 stability sofiwaire A1Z224 - Calodlate 2
function of hooling angie is used esizemiphe ghven in Gragh 3 stability aimd trim
o chack the swakbility crhera.
ntact stability fetaling arm curve) Langth Real Graph calculated by 3 stability sofwaire A1T774 « Calculate 2
I cxability 3 trim
412231 Estierate resitance and posar
2 engIne paameters)
Profeninary main anging oo Possosr Raal winsel's main engind poswar Formula Calculabed. Al1Z¥3] Estimate 1
&g by the Admiralty coeffident: resktance and powering
. F
c Displacement(t) 2 « Speed (kn)3
n Propulsion Power (HF)
N an ke derived gither froen similar ships or froms the following formula:
75
Cy =37 /Lengthim) + ————
Speed(—)
rasuilting s vt i [l 5
Alternatively:
1} Calculation of the propelier curee jLe. EHP<RFN), .. software module GEpower
¥} Use of statktical or enpirical data, see examgples in sheot "Graghs-1" for Bulk Carrers.
|{Propefer parasmeters)
|Propeler tyee Hon= Characier Specdfic Uiser disfinesd. Two main groups: Feed pitch propelier (FPpropselien); Controllable pitch propeller (CP-
dimansianal wailug progs e
[t af propediers Hon= Integer Spadfic User difined. Depercks on ship typs and power plant A177313 = Pradict
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Ao designation
|designation of the

i Eource of Eak (o source od 't Hiovar lines that et ol
S FLE 3 s N e [
Farameter » g Source Type (i ik pelf, weneleshaets, tables, wte) (e which IS0 activity this | - coafiden
parameter i related] 1
paramser o th
actiity modi)
Propalier thrust Fafce L] Rizall ‘Wonshes | Appropiiabe approsimation mithod . Starting source: "Bagic Principhes of Ship Propiilon” « MAN A1Z7313 - Pradict
Disel & Turbo
Propoler diamater Length i Roal ‘Waorkshest | Appropriate approsimation mathod A1FT313 - Pradict
propeler performancs
|Iﬁ-hrul'lﬁdu Mon= Mo Integesr Epadfic m-mmuwaummmnmmntudmm A1FFE1S = Pradict
dimansional wailug smootest and uniform performance. propeler performance
Corvramtional o ducted propellier Mon= Mo Characer ‘Spadific Lsesr disfined Depends of ship type, power plant, ship smieshon. A1Z7313 - Pradict
dimensional walug propeler performance
| Elade area ratio AEfAD Mon= Mo Reall Tha ratia of the total area of the | Spedfic s defined A1F7313 - Pradict
dimansional Edades, divided by imaginainy walue propeler performance
cindhe area that the: propeliier
clamater Credtis
A17232 Extienaie sealdeping
Imﬂl'bddl'ﬂ Timi ST Rezall Reoll paricd ks o quickly retam | Formula Dapeartmaent of Chil and Ervvinorenental Engireering- Division of waner Enviromant Technology A1TTIT = Estinane sea= 1
1o upright posithon while rolling- CHALMERS UMIVERSITY OF TECHNOLDGY s ing
50 i i the tine 3 ship ke Ghteborg, Sweden, J003
rcen wpright position to going bo Report NE. 3009;1 :i'l'.l. I"U‘]I
3 particular anght on port shie
ared them going to 3 angle on
starboaird Side and than again
returning back ta upright ) . , , .
positicn (zero st positon] For the bax-like ship one can approximately wiate
matural rolling-
e = | Con_ _ [PRLBE TG —z)
‘b
VoA, ) I, 4yl
Typical resonance periods are in beave L s, inmoll 8 — 12 s and inopitch 10 20 5. For
nnchored ships the resonance periads in surge may he = 2010 5, in sway = 1EF s amd in
wira =00 s and are highly dependent on the mooring system,
l
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Floww designation
e Powinsthn
Saron P (i link ti polf, wnrksheets, tables, st ] P
paramater & related)
paramser o the
actiity mode)

Liswiel ot
confiden
i

Soure of Bk 1o souste

Faramater

Departmant of Civil and Esrirorsmental Engirsnerieg - Divition of wator Enviromant Technology
CHALMERS UMIVERSITY OF TECHNOLDGY

Goteborg, Swoden, 2009
L EJ

Cx = I ped, in heave
OV Ay | pl o A,
For the box-like ship one can approximately write

Rieport NT. 2003;1

iy [ B

g =J = in heave
oF & A, | pBT

Typical rescnance pericdds are in heave 1005, in roll 8 = 12 5 and in pitch 10 20 5. Far

anchored ships the resonance pesiods in surge may be > 200 =, in sway > 100 & and in

yaw = (K] = and are highly depemdent on the mooring system.

| vabwral parind of pisch Time e Rl Formula | Department of Chvil and Envinosemental Engineering. Division of water Enviromant Technology ALT7312 - Estimans sa- 1
CHALMERS USIVERSITY OF TECHNOLOGY I -
Ghtebong, Sweden, 2005 s = B e ni In pitch,
Report NT. 2009;1 f5+.r{ﬁ _li's 5

The pitch spprocimation ean be used becauss the hydrodynamic stiffness dominates in
pitch, A, is the water-plang area and fs = BLY12 is the area moment in pitch of the

water-plane arca,
| |
For the box-like ship one can approximitely write

C‘ES - I‘I"Jgj'ls =
L I+ oy,

|
Typical resonance perinds are in heave 10 %, in roll 8 = 12 5 and in pitch 10 20 s For
nnchored ships the resonomee perinds in surge moy ke = 200 =, insway = 10 s and in
yaw = L) £ and are highly dsperdent on the meoring system,

AL2233 . Extheate
Turnieg abiity A1F733 « Extimats
monosinea hilly
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[l link to pdf, worksheets, tables, ete] ‘ConEenct The
parameter i related] o
paramster o the
actiity modi)
Turnieg dizenetor (09G) Langth Rizall Tiaming diamater i the dizenetor | Formulas 1. Vessal with one propelier A1F733 - Estinanie 1
of the smallest circular tann that eranoaiuva bility
thi ship can malke. DG = LPP [ 4,19 - 208 CHVDELE + 47,8 TR/ LPP - 1B LPT +
+ 194/ DELR - 36,8 AR F{LFP «Th4 7,70 AB /(LFP = T} ]
2, 1 Wessel with two propellera:
M5 = LPE [ 0727 2 157 0L DELIE 4 405 00 LPP s AL TRO PP & 188 £ DELR .
248 AR FILPF 5 T1NTI - 1+ 177 ¥ ¢ YITP 4 26,66 AR/ (LFP = T) I
Source: "Proyects del bugus mercants MADRID 1957 FONDO EMTORLAL DE INGENIERIA NAVAL
COLEGID: OFICIAL DE INGENIERDS NAVALES™ Chapter 3.6 "Maniobrabilidad™
Tacthcal diasreter (DT} Lenght Rizal Tactical dizemeter is the distance | Formula 1. Vessel with one propelier A1F733 - Estimate 1
traveelled in the direction of the eranoaiuva bility
original course by the midship T = LIFC0.80 DG LPE + 02398 ¥ ¢ JLFF + 0,675
it o i from tha position at
wahich thee nudder arder is ghwn
o the position a1 which the 2, B Wexnel with two propsllera:
reading bas changed 180° froem
the origieal course. R is DT = LPF é0.14 « DG LPTS
eneasered in 3 directon
perpendicular to the original
rzading of the dhip.
Source: *Proyects del bugus mercants MADRID 1957 FONDO EMTORLAL DE INGENIERIA NAVAL
COLEGID: OFICIAL DE INGENIERDS NAVALES™ Chapter 3.6 "Maniobrabilidad™
Advance [ADIVC) Langhi Real Advance ts the distance travelled | Formula 1.Vessel with one propeller A1F733 « Estimane 1
i thee: direction of the originad eranoaiuva bility
course by the midship point of AV = LPP 0509 DT/ LPP = 1,33 )
i from the: position a1 which
the nedder order ks ghen 1o the
pecesition at which the hiading 2, B Wexnel with two propsllera:
Fas changed S07 from the ADNVE = LEP 054 DTALPF - 1,10 )
eriginal course.
Spurce: “Proyecho del bugues: mercants MADRID 1557 FOMDD EMTORRAL DE INGENIERIA NAVAL
COLEGID: OFICIAL D INGENIERDS NAVALES™ Chapter 3.6 "Maniobrabilidad™
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Floww designation
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Mo linizs that
coneect thae
paramsier to the
activity mode)

Lirwel ol
conliden

(Consrse kenping ability Mon= The course-keeping ablityis a [ formula 1. Tankers and bulk carriers, first angle of overshoot in the 2 | 2ig = rag) maneuver of 107107 17733 « Etimate 1
dimansional measune of the abiliny of the Frano usya bility
sioered ship 0 MaEREEn 3 DELO  DELE = 2,20 (08 « B/ LPF « 000
straight path in a predetenmined
oo direction itk
aressien cacilations of nadder E. Cargo Ship, first angle of cwershest in the 2 (2ig - 2ag) maneuser of 1077107
o haading, This parameter s DELD Y DELR = 2,38 (08 « I/ LFF & 0,14)
related with the type of vessel
3, Tankers and bulk carriers. firs angle of overshoot in the 7 (2ig - 2ag] mansuser of H0700
DELD f BELR = 5,200 = B ! LPF 4 0,013
4Carg DELO/ DELR = 14,20 (01 = 18 LPF - 0,047) maneuser of 207207
Spurce: “Proyects del bugue mercante MADRID 1957 FONDO EMTORLAL DE INGENIERIA NAVAL
COLEGID OFICIAL DE INGENIERDS MAVALES Chapber 3.6 "Maniobrabilidad™
g akility Length o ability dby | Formula Source: "Proyects del bugue mercants MADRID 1957 FONDO EMTORLAL DE INGENIERIA NAVAL 12733 - Estimane 1
the “track reach” and Stime 1o COLEGIC OFICIAL DE INGENIERDS MAVALES™ Chapter 3.6 "Maniobrabilidad™ Francausability
dead in water” realized in 3 stop
g full e o RH = 0,305 exp (0,773 - 5% 10° PP + 0,617 ln (PP = DISW=
perfoarmaed after 3 sheady
aporoach at full test spesd. This
parameter i related with tha
st traveled |RH) in the
Crash 500D MafeuveT,

412241 Cabrulate nagiudinal sirength

Weight distritenion cunee

Thee curwe plots the weight of
each strucure and eoupenent
waith resgsct s location along
tha length of the ship.

calculated by esdsting software

The Curse plots the buoyancy
force with respect it location

along the length of the ship.

calculatiod by aisting softeare

A17741-Calculate
longitudinal strength
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|designation of the

= Souirce of Ak 1o soufoe s Mo linizs that g
SUFLE T N . e [
Farameter SOurte Type (x. lisk o pelf, wereleshaets, tables, wbe) (o which IS0 activity this| - oafiden
paramater & related) i
paramsier to the
artiwicy mode)
Shiear force cunie Force NS Real Tha intagral of the koad curve Graph calculated by esdsting software A12741-Calculane 2
ik ditferance batweon the longhuding strength
gt disaribution cunee and
that Eescryancy oares].
|| Bareing Enomant o Felomant ons"m Rzl The imtegral of the shear force | Graph mwmm&m A1T2AL-Caloulate 2
Curnve. R R
412242 Diefine midship section scantlings
[ Midship seczion mochalies Langth g11= Rzl Secthon modulus of e main Formiula mwmm&m A1T2aT-Dedivr midship 2
Section anea of main frame Length e Rl Socthon anea of main frams Formula calculated by esdsting software A17247:Dediess midship 2
Sexction modulus of 3 oross-section of frame |Length mi Rzl Secthon modalus of the spedfic | Formula mwmm&m A1T2a3Dedirer obfe 2
Section area of 3 oross-section of frame Langth o' Real Section ared of & orossaeion of | Formiula calculated by asdsting software A1 77283:Dedlirer othe 2
A12243 Deline other ransverse sections
|
K12244 Carry et preflsminary
- d deign
|um1* —;
Main engine: type {shov, msdicm speed) PFion= MR Characer Spedfic Uisesr diafingsd A17751 Select main 2
dimansional walue Depanids mainly on ship type and rowule. engin
Salection hazed on standard peactios (&.g. “Maring Diexe 2 Povwer Plant Practices”, The Society of
Maraal A s and Marine Engin {SMAME] Technical & Bullstin Mo. 3-49, 1990, g6,
|Maim engirs: service rating (for non derated Spedfic Uisesr disfingsd A17751 Select main 1
enginez only] wallug |determined together with main enging selection] engine
IHIID;'DIHI’-D.M!G.‘B(..LNE.M Fon= Mo Charaoer Epedfic Lisgsr dfingd A1775] Solect main 2
ol dimansional walue Dapands on engine typs and routs. engine
Suilpiasr comseat in By Tuel [YES 0| M= Mo Rixad Epadific Lisgsr difingd A1275] Salert mian 2
dimensional walue Depands on enging typs and routs. angies:
Suilplasr content in decel ol or g2 oil Mon= M Rzl Epedfic Utsesr drfinesd A1TT5] Select main 2
[FES D) dimansional walug Depends On anging Typs: and roube. anging
|n-=-|1um|--nn-¢-rnﬁmm Mon= M Characer Spadfic Utsesr drfinesd A1TT5] Select main 2
dimensional walue Depends On enging Type. anging
|Fusl optimised main engine? (YES/NO) Fon= Mo Characer Spedfic Lz dafingd A1ZZ5]1 Selet main 2
dimensional walue Depends On enging Type. anging
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Floww designation
|designation of the

Related to Leswel ol
Parameter SOURCE Type S o Mkl v s (1o which 150 activity this S Muas Heat coafiden
i = [i.e. link to pdf, worksheets, tables, etc) — i conesct the
parameter i related] ]
paramsier to tha
activity mode)
TIER 1, 2 o 3 engine? |1+ 3) Flon= MO Integesr Spedfic Liserr dfined A1T75] Select main 2
dimansianal waliie Depands On ENging Typ. aNging

Sow WAD “1957 Frotocol™ 1o MARPOL, Annes VI [Tier 1) and 2008 Annex V1 Amendments (Tier 5.

M reduction technobogy: (Exhaust Gas Fon= Mo Charaoer Epedfic Lisgsr dfingd A1775] Solect main 2
Eadeoulation, Selective Catabic RBeduoion, |dimensional walue Dapands on engine typs and routs. engine
athes]
Use of scrubbers if o ks wsed [VESSO) Mon= N Characier ESpedfic Lisesr diefined Al1Z¥5] Solect makn 2
dimensional walue Depends on enging Typs: and roube. anging
A12252 Diesign Tystem
|Radumion gear Typs Mon= M Characer Tabide Utsesr drfinesd A1TIST Dasign 2
dimansional |determined together with main engine selection) TN Sy
| Raducion ratho Flon= MO Integesr Spedfic Liserr dfined ALZISI Daesign 1
dimansional walue |detarmined together with main enging selection) Ui SySIT
]#12253 Sebect aumiliary equipment
(Gl 50T Power s Li) Real Formiula Lisgsr dfingd A17753 Solecn snmiliany 1
B, (kW) = 100 + 0.55 - Main Engine Power (kW) -7 suiamant
Marine Diesel Power Plant Practioes 1990 SNAME
412261 Cabrulate equipment number
|Equipment numizser Fon= a3 Integer | A dirnerchonies parameter wed | Formula calculated using the inliowing formula | *Cosemon structeral neles for oil tankers®, LACS, J00E]. A12P61-Calculane 2
dimansional o detenmiee b sl2e and Equipment numiber
mesnber of anchors amd chain
cables for a new ship.
A12262 I list

w—

Still wiater and wawe induced kads??

Buckling? 7
| Fatigpen 77
UNtierate strangthi??
Wessel wh o
|Flag ard Ragister port Hons Characer
Cass (I applicable] Mon- Characier
dimansional
Ie Bending, M & WNm Real
|Masimun Skear Force Farce [T Rial
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A124 Calculate cost of ship
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Source or link to source
fi.e. Bnk to pdf, worksheets, tables, etc.)
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SHIPLYS

Time reference |Geographical
[when these
oSS Were

confide |estimarted /defi |cosis were

ned)
DOJ/MBASYY

Labouwr cost Currency | Ewnas Rizsall labour oost per howr Speciic walue costs database {Galli, ML, ECO-REFITEC, RECIPE etc.) Ald41 1
Existing designs purchase Currency | Ewras Rl oost for the purchase of existing designs Spedfic walue costs database |GaBi, OML, ECO-REFITEC, RECIPE etc.) 1241 1
Laft cost Currency | Ewras Rieall cast for the purchase of software Speofic walue cosis datak {Galli, CML, ECO-REFITES, RECIPE etc) Al 1
Database cost Currency |Ewras Real oost for the purchase of databases Spedfic walue costs databaze |GaBi, OML, ECO-REFITEC, RECIPE etc.) 41241 1
Design procedures energy Currency |Energy Heal Total energy footprint of the design Speofic walue costs datshase {Galli, OML, ECO-REFITEC, RECIPE ehc) A1241 1
procedures, iz energy footprint from the use
of software/hardware
oast for dassification walue cost from dlassificaiton A1241 1
Cost of materials per ton for Mass tan Reall cast of structuralfoomy il Spedfic value costs database (GaBi, CML, ECO-REFITEC, RECIPE etc.) A1242F Calculate 1
shructures [/ comparbment oast of
steel used for construction Mass tan Reall cast of structural foomy il Spedfic value costs database (GaBi, CML, ECO-REFITEC, RECIPE etc.) Alx4E 1
aluminium used for construction | Mass ‘tom Roall oost of structural fopmpartment materials Spedfic walue costs database {GaBi, OML, ECO-REFITEC, RECIPE etc) AldaE 1
plastics used for construction Mlass ‘tom Rl oost of structuralfopmpartment materials Spedfic walue oosts databhase |GaBi, ML, ECO-REFITEC, RECIPE etr.) AldaE 1
Cost of machinery Currency |Eunas Rieal cast of machinery Spedfic value costs database (Gali, OML, ECO-REFITEC, REQIPE etc.) A1z 1
Comt of equipment Currency | Ewras Hoeal anakytical cost of equipment or st per ton | Spedfic value costs databhasefimput from the SMEx Ald4E 1
when anakytical data is not available
Comt of outfitting Currency |Ewras Heal analytical cost of outfitting or cost per ton Speofic walue costs datshazefmput from the SMEx A1X4E 1
when anabytical data is mot available:
Cost of piping Currency |Euwnos Heal anadytical cost of piping or cost per ton when  |Spedfic salue mosts databasefimput from the SMEs K147 1
analytical data ks not aailable
Cost of wiring Currency |Ewras el analkytical cost of wiring or cost per unit length | Spedfic walue costs databasefimput from the SMEs Al242 1
whien analbytical data is mot available
Cost of engine/ER Currency | Ewras Rl oost of the: main engine Spedfic walue costs d fimput from the shipyards A1242 1
Cost of machinery Currency | Ewras Rl oost of the: various machinery Spedfic walue costs databasefimput from the shipyards A1242 1
‘Welding length Currency |Eunas Real tatal length of welds Spediic value design tool Alx4E 1
‘Welding oost per meter Currency | Ewras el welding cost per meter Spedfic walue costs databasefimput from the shipyards Al242 1
Cutting Stesel/Cost per mi kength | Currency |Ewnos Heal outting cost per master Speofic walue costs datshazefimput from the shipyards A1242 1
Zanding Steel/Cost per m2 Currency |Ewnas Real ling cost per m2 Spedfic value costs database (GaBi, CML, ECO-REFITEC, REQIPE etc.) Al242 1
thipyard average energy Power | kwjday Roesall Average energy consumptions of all shipyard's |Spedfic value Shapyard's database A1342 1
c i proced ures
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confide | estimated/defi |oosts were

ned)
DOyMMFYY

estimated,/de
fined)

Awerage waste for the ship ‘tom,m3 Hoead Total waste/'sludgefgarbage of warious Spedfic walue Shipyard's database
constrsction procedures in the shipyard
Aerage Paint used /painting Mas pmd oo |Real Average paint used or total painting costs Spedfic wlue Shipyard's database Al242
costs By
Other Chemicals Mass kgzm3 Real Other chemicals used costs Spedfic value Shapyard's datat A124Z
Labwouwr cost Currency | Euros. Hoead Oweralll lsbour oost Spedfic salue rosts database |GaBi, OML, ECO-REFITEC, RECIPE ehc.) A1243
Cost of steel per ton Currency |Ewras Real cast of structuralcome ial Spedfic value costs database (Gali, CML, ECO-REFITEC, BEQIPE etc.) A124Z
Coest aof abuminkum per ton Currency |Euwros Real cast of structuralfcomg ial Spedfic value costs database (Gali, CML, ECO-REFITEC, RECIPE etc.) A124Z
Cost of plastics per toan Currency | Ewros el cost of structuralfcompartment materials Spedfic wlue casts database | Galli, OML, ECO-REFITEC, REQIPE etc.) Al242
Cost of wood per ton Currency | Ewros Rl cost of structuralfoompartment materials Spedfic walue rosts database |GaBi, OML, ECO-REFITEC, RECIPE etc) Al2
Indicative Corstruction Profit Currency | ewro indicative ratios attributed to Large, Medium  Spedfic value wser defined: indicative ratios attributed to Large, Medium and | A1342
and Small enterprises. Small erterprises.
Cabrulations carried owt on actual information Calnudations carried out on actual information supgplied by
supplied by market statistics market statistics f omst :
Profit Margin= ——— %100
Revenuer
Indicative Corstruction Peroentag % Construction owerhead costs are defined as the |Spedfic salue wer defined: Construction overhead osts are defined as the Al2
Orverhead percentage of the construction’s st that the percentage of the construction's cost that the contractor failed to
contractor falled to adeguately project adequately project
Actual cost - Predicted cost
Overhead Costs = x 100
Actual cost
Requined net profitability rate Percentagd % Net profit ratiois a profitability ratio that Speofic walue wser defined: Net profit ratio isa profitability ratio that shows | A1342
shows relationship betwesn net profit after relationship between net profit after tax and net sales. The
tam and net sales. required met profit ratio (margin} is estimated as:
Net Profit Ratip = Jetzrefitafrerier 45
Net sales
Aerage sailing days per year Date days el Average saling days per year based on ship Spedfic wlue Shiip cperating scenaric 41243 Calculate
koaded schedule cast of
Awerage sailing days per yearin | Date days Rl Average sailing days per year based on ship Spedfic walue Shiip operating scenario A1243
ballast schedule
Awerage days per year at port Date days Hoeal Average days at port per year based on ship  |Spedfic salue Shap operating scenario A1243
koading schedule
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Time reference
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reference
[#here these

ned)
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Average days per year at part days Average days at port per year bazed on ship  |Spedfic salue Ship operating scenario
Awerage days per year iding or | Date days el Average iding or at anchorage days per year  |Spedfic salue Shiip operating scenario A1243 1
|at amchorage bamed on ship schedule
Awerage days per year fiar Date days Real Average maintenance days per year based on | Spedfic value Shap maintenance scenanio A1243 1
maintenanoe) ding- ship schedule
docking/surveys
Cre's numberposition Wolume | number Integer  |Crew members per position Spedfic wlue Input from flag A1343 1
Average daily fuel flube oilfother | Mass tanday Hoeal Average corsumptions Table Enginefmachinery database amd project guide:curve of engine | A12343 1
consumables consumption when load vs SFOL [ Figure]
zailing boaded & iy Wit high atliciency furbochnnger,

i 55 104)

* (B0 Wah gonventional puimocharger,
apsin: 4 58 10T
SR,

=k

ot

NI i

! N — —F

o — -

=3

Tunx nox eox vox mow ew toam 1em

oy
Crew wages & fees Currency |Euros Real ‘Wages and fees for cew members Table costs database (Gali, OML, ECO-REFITEC, RECIPE etc.) A1343 1
bt fmarinet e blogepot oo uk/
Average daily fuel/lube oilfather | Mas ‘tany'day el Average consumptions Grapgh Engine/machinery database amd project guide:curveof engine A1243 1
e ales cr jor when load vs SFOC
sailing in ballast
Awerage daily fuel/lube oil fother | Mass ‘tonyday Hoead Average onsumptions Graph Enginefmachinery database amd project guide:curveof engine A1243 1
e les cr jor when load vs SFOC
at port loading
Average daily fuel/lube oil father | Mass o day Homal AvErage corsumptions Graph Enginefmachinery database amd project guide:curveof engine A1343 1
cr fhles oo ior when load ws SFOC
at port discharging
Average dailly fuellube oil fother | Mass tanyday fomal Average corsumptions Graph Enginefmachinery database amd project guide:curveof engine Al43 1
comsumables consumption when losed w5 SFOC
idlengfancharage
Average waste/sucge/garbage  |Mas [tors fieal averag ge/garbage produced Taile costs database {Gali, EML, ECO-REEITEC, RECIPE ebc) A1243 1
produced EIMAA EunopaL ey, news-a-press-centne) exbernal-
wsidownload 4557/ F 25,23 html
Table costs database (Gali, ML, ECO-REFITEC, REQIPE etc.) Al243 1
Comt per ton fuel ail Currency |tons Roeal Fuel/oil cost it/ fasarar buunkerindex. com/index. phy
Port duties Currency | Euros: el Part duties Spedfic walue Ports/Enchuser entry Al43 1
[Diocking oost Currency | el Docking oost Spedfic wlue Shipyards/'E nd=user entry A1343 1
Depreciation apolicable P [ Real Depredation applicable Spedfic value End-user entry A143 i
Cargo insurance cost Currency | Euros: el Cargo insurance cost Spedfic wlue End-uzer entry A1243 1
57
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Time reference |Geographical
[when these reference
Cosis were [where these

nid)
DoOyMMfYY

estimated /de
fined)

Lhip B e cost Currency Hoeal Ship insurance cost Speofic walue eniry

Administrative costs Currency | Euros: Rl Administrative costs Spedfic walue End-uzer entry A1243

SFOC change due to engine type | Percentan % Read SFOC change due to engine type (%) derated  |Spedfic value Engine constructor 21243

derated versus normal wersus normal engine

Extra energy demand due to Peroentag: % fead Extra energy demand due bo scrubber (%) Speofic walue Shipyards A1243

sorubber (%]

Extra energy ok d duse o Mawx | P o fhead Extra energy demand due to Ko reducing EGR |Spedfic value Shipyards A1243

reducing EGR technology (%)

Income tax rabe Peroentag: % Tau rate is imposed by the government of each |Spedfic salue wser defined: Tax rate is imposed by the government of each Al43

country where the shitard is located. oountry where the shiyard is lomated.

Tax comection, CRFT Currency |ewra Tau return is estimated by the tax system of | Speofic salue wser defined: Tan return is esti i by the tax systern of each | A1243

each country that the shipyard i located. country that the shipyard is located.

Optimal replacement imteral Date Time Rl Optimal replacement inberval Spedfic walue Shipyard Al1244 Calculate
cost of
maantenanoe et

Optimal replacement age Date Time Rizal Optimal replacement age Speofic walue Shipyard Allad

Optimal inspection interdal to Date Time Real Optimal inspection interval to magimize the  |Spedfic value Shipyard Al344

manimize the availability availatility

Assezxment of condition prior to | Currency | Ewros Homal ‘Some methalogy will be required to assess Other Databares at chipyards; (lasification bodies? Expert judgement | A1344

maintenance) repair and after condition. Basicalby what we: need is cost of

repair)’ masntenance and imorovement in

condition after such action is carried out. if
there are multiple conditions possible post-
action, then a probabilistic axsescment will
need to be taken by allocating probability to
each state (condition). Im termes of structural
reliability, what is the impact of repair on

Beta? Connected ta ' ation' le in

Date of assecsment Date Time Homal Date of asseszment Other End-user entry Ald44

Awerage paint)chemicals Vaolume | kzm3 Rizad Average paint/chemicals consumed per year  |Spedfic salue Maintenance database (GalBli, CML, ECO-REFITEC, RECIFE etc) Ald44

consumed per year for for scheduled & unscheduled maintenance

ccheduled & urscheduled

Awerage paintfchemicals Valume  |lkgm3 Real Average paint/chemicals consumed during dry- | Spedfic value Maintenance databame [GaBi, CML, ECO-REFITEC, RECIPE etc.) Al244

consumed during dry- diacking,repair period

docking/repair period

Lpares cost during dry- Currency |Ewros Real Spanes cost during dry-dockingfrepair period | Spedfic value Maintenance database [GaBi, CML, ECO-REFITEC, RECIPE etc.) All44

docking,/repair period
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Maintenance databame [GaBi, CML, ECO-REFITEC, RECIPE etc.)

Input ta
[to which 150
activity node or
tool this
parameter is
input

4

SHIPLYS

Time reference |Geographical
[when these referenice
[Osis were [where these

confide | estimated/defi |oosts were

ned)
DOyMMFYY

estimated,/de
fined)

Awerage waste during Maz tanes,m3 Real due ko mai ® Spedfic salue Maintenance databame [GaBi, CML, ECO-REFITEC, RECIPE etc.) Al144
maisntenance
Awerage energy consumed Energy | kW Real Energy footy af the mai e Spedfic value Maintenance databame [GaBi, CML, ECO-REFITEC, RECIPE etc) Al344
procedures
Cost of preventive maintenance  |Currency | €/howr Rzl Cost of preventive mainbenanoe Spedfic wlue Maintenance database (Galli, CMIL, ECO-REFITEC, RECIFE etc) Aldad
Cost of comective maintenance | Currency | €/hour Rzl Cast of corrective maintenance: Spedfic wlue Maintenance database (GalBli, CWL, ECO-REFITEC, RECIFE etc) Allad
|| Retrafitting)
Description of the system{s] to | Volume  |items tCharacte |retrofit process is engineering process of the  (Other Shipyard's database Aldd4
retrofit r vesze, which in many cases could invodve fun-
damental changes in the architecture,
functionality or operation of the vessel, but
the nature of repair and retrofitting projects
differs substantially from long-term new
building projects.
Energy consumption for the: Energy kW Rl It is the: effident use of enengy, in this way Spedfic walue Shipyard's database Ald44
installation of the equipment optiminng the production processes and the
use of energy using the same or less to
produce mare goods and services efficient.
Cost of Guaranty Currency (€ Rl Cast that is mot earmed or incurred by not Spedfic walue Shipyard's database Ald44
duaing things well in the first time
Lot af deaming Currency |/ Hoeal how much is your deaning fee per howr in the  [Spedfic value Shapyard's database Ald44
weszel the jobs specific.
Cost of msuranoe Currency (€ Hoead An sconomic contribution to be paid by an Spedfic walue Shipyard's database LYFCE
insured or contractor to an insUrancE Company
fiar the: transfer of risk under the mverages
that the: katter offers its dienks during a certain
period of time
Coest of testing: Currency (€ Read Cost of checking that a job meets the Spedfic salue Shipyard's database Al144
contracted spedfications
Labar Cost (indude financial Currency |€/h Real It is known as kabor to both physicall and Spedfic walue Shipyard's database A1244
cost] menial effort that ks applied duning the
process of making a good. In the field of
busimess acmounting, labor is understood 25
the absolute cost linked o workers
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Uit
[of vahse of

the
parameter]

[parame |Short description

Source or link to source
{i.e. Bnk to pdf, worksheets, tables, et

Imput to

(o which 150
activity node or
toal this
parameter is
input

4

SHIPLYS

Time reference |Geographical
[when these reference
Cosis were [where these

confide | estimated/defi |oosts were

nid)
DoOyMMfYY

estimated /de
fined)

Cost equipment and outfitting | Currency cast the: main equiptmen and auxiliary sisterms | Speofic salue Shapyard's database
[example princpal motor, aundiary motor,
electrical, air condicionald, ete..)
cost material Currency | €fton el Cost of raw materials consumed in the Speofic walue Shipyard's database Aldda
indusirial process retroffiting/repair or new
Cost of commissioning Currency |/ Hoead Cost of testing a complete contracted system | Spedfic salue Shipyard's database LYFCE
works comrectly before delivering to the
customer
Cost environmental inspection | Currency | €ftons el They ane those that are incurred, because Speofic walue Shipyard's database Aldda
£fm" there i or can be a poor environmiental
€ quality. These costs are associated with the
creation, detection, remedy and presention of
R ! degraciati
Lot safety engineering Currency |/ Hoeal Cast arising from or to prevent accidents at Speofic walue Shapyard's database Ald44
nzpections Wk
Inspection retrofitting Currency | €/hour Hoead Cost derived from the monitoring of the work  |Spedfic salue Shipyard's database LYFCE
Number of year of ship Date Time The year in the life of a ship that retrofiting is | Spedfic salue wser defimed: The year in the life of a ship that retrofiting is Aldd4 a11T4

seleched

selected

Transport to sorap yard Currency | euros Rizal Total coat of transpart to sorap yard Speofic walue rosts datahase {Galli, OML, ECO-REFITEC, RECIPE ehc) A1M5 Calculate
cast of scrappang
Scrap material Currency |Ewros per | Real Praofit from selling the remaining materials Spedfic walue rosts database |GaBi, OML, ECO-REFITEC, RECIPE etc) A1245
‘tan
Lcrap recyded Currency |Ewros per | Real ‘Costfprafit of the materials recyded Spedfic wlue casts database | Galli, OML, ECO-REFITEC, REQIPE etc.) A1245
‘tani
Equipment reused Currency |Euros per | Real Prafit from rewsing equipment of the ship Spedfic walue costs database | Galli, OML, ECO-REFITEC, RECIPE etc.) A1245
‘ton
Cost environmental mspection | Currency | €tons Hoeal Theey are those that are incurred, because Speofic walue Shapyard's database Ald44
£fm" there i or can be a poor environmental
1 quality. These costs are axsoriated with the
creation, detection, remedy and prevention of
envionmental degradation
Cost safety engineering Currency | €/ Rl ‘Cast arising from or to prevent accidents at Spedfic wlue Shipyard's database Al244
|nzpactians work
Labar Cost (indhude financial Currency L/ Real It is known as kabor to both physicall and Spedfic value Shipyard's database Al244
cot] menial effort that is applied during the
process of making a good. In the field of
busiress acoounting, labor is understood 2
the ahsolute cost linked to workers

SHIPLYS — Grant Agreement number: 690770

GA Ref: Ares (2016) 2353538



Uit

Source or link to source
fi.e. Bnk to pdf, worksheets, tables, etc.)

4

SHIPLYS

Time reference | Geographical

Awerage annual inflation rate Py * inflathon rate predictions are used for Speofic walue user defined: inflation rate predictions are used for estimating | A1242, 1343,
estimating present value of future prices (costs present walue of future prices (costs & incomes). Usually historic | A1244, A1245
& incomes). Usually historic data and fimancial data and finamdal forecast are used to predict frture iflation
forecast are used to predict future Hlation rabes.

Lifie span of the ship Date Years Estimated ife of the ship according to ship Spedfic walue user defined: Estimated life of the ship acoording to ship designs, (41241, A1342,
designs, Of Oda Al43, A4,

Interest rate Percentag: % Interest rate for raising koans is imposed by the |Spedfic value user defined: Interest rabe for raising koans is imposed by the All4E, Al243,
banking mystem of each country where the banking wystem of each country where the shipyard is lomted. | A1244
shiipyard is bocated.
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Parameter

File of scanning area for 30 Model

Uinit
Trpe
Frivsical {of wakse of

A126 Create preliminary design for retrofitting purposes

|parameter |Shoet description

ant it
ity Type)
parameter]

This paramater is 3 data graup
that they ane useful to introduce
in Shiplys tooks

Spurce type

Source or Enk 1o source
[Le. Bnk to pdf, worksheets, tables, et

Related to
[t wahich 150 acthvity
paramater i related)

Flow desipnation

| designation of the flow
this  |Enes that conmect the

parameter 1o the acthity

niode]

4

SHIPLYS

Lewel of confidence
|scale Dio 2,0
meaning user
estimation and 2
maaning tully
validated data)

Define the data grown of
dimensions that it i necestany

fior camy out the retrofitting

Data file that include the model
and basic dimmensions of the

retraffitng

Othar

Group of drawings (2D or 3D)
that they are neccesary for the
retrafittig

Othar

A1TET and AL2E3

Material st data

Material list s necessary to
dedine the offer. It is wseful for
define the cost of the retrofiting
in tenms of material

Material characteristics for Retrofitting

This parameter define the type
of material that retrofitting
works used. Exist differents
otiors of materials for canry
et the retroditing wiorks and it
Is necessany to ko ik

This parameter define the
dimmaensions of the retrofitting

ALTET and ALZE3

Lemgth and
wolume

mor mA2

Oata file that inchude the model
and basic dimmersions of the

Other
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A127 Estimation of environmental impact

Source or link to sownce
|i.e. link to pdf, worksheets, tables, etc.)

4

SHIPLYS

Time reference
|when these
costs were

Geographical
reference
(where these
cosis were
estimated de
fined)

ned )
DO/MARA Y'Y

parameter iz
input

Awerage waste for the ship  |hiass ton,m3 Total waste/sludge/garbage of Specific value Shipyard's database
construction various prooedunes in the shipyand
Construction emissions Mass g (CO2) Real Emission comversion to C02 Specific value  |Shipyard's database A1X71 1
issi hdass Rl Emizsions due to ship corstruction | Specific value | Shipyard's database A1271 1
hlass Real Emissions due to ship corstruction  |Specific value | Shipyard's database A1271 1
Mlass Rizal Emizzions due to ship corstruction  |Specific value | Shipyard's databaze A1XT1 1
Mllass Real Emissions due to ship corstruction Specific value  |Shipyard's d AL1XTL 1
hllass Real Emissions due to ship comstruction  |Specific value | Shipyard's database A1X71 1
Pllass Real Emizsions due to ship corstruction  |Specific value  |Shipyard's datat A1XTL i
hlass Real Other chemicals used costs Specific value | Shipyard's database A1271 1
Energy Reeal Average enengy consumptions of all  [Specificvalue  |Shipyard's database A1 1
shipyard's proced unes

Average sailing emissions | Mass tors,m3 Reeal Emissions due to ship operation Formula Ship operating scerario: A12T2 Estimarte 1
- -
ermironmental
Zq-uy.;_—-.-zt-.:—.f_n—.-h,_h--n,-r--h ‘
impact of
operation
o2 corstant Mllass fhour | Real Emissions due to ship operation Specific value  |Ship operating scenario A12T2 1
Hox emission corstant Milass fhour | Real Emizsions due to ship operatson Specific value  |Ship operating scenario A1XTE 1
{0 emission constant hilass fhour | Real Emissions due to ship operatson Specific value  |Ship operating scenario A1¥TE i
HC emission constant Milass fhour | Real Emissions due to ship cperation Specific value  |Ship operating scenario A1XTE 1
Particulates constant Mass fhour | Real Emissions due to ship operatson Specific value  |Ship operating scenario A1XTE 1
5 content in ail Per % Reeal Emissions due to ship operation Specific value  |Ship operating scenario A12T2 1
S0 emission constant hilass fhour | Real Emizsions due to ship operation Specific value  |Ship operating scerario A1XTE 1
fuel calorific vallue Energy | Mifkgfuel  |Real Emissions due to ship operation Specific value  |Ship operating scenario A12T2 1
0l calorific value Energy | Mg oil Reeal Emissions due to ship operation Specific value  |Ship operating scenario A12T2 1
LNG calorific walue Energy  |MifkgLNG  |Real Emissions due to ship operation Specific value  |Ship operating scenario A12T2 1
Average emissions at port | Mass tors,m3 Rezal Emissions of the ship at port Formula Ship operating scerario: A1XTY Estamate 1
- - -
erwironmental
qu-m-z:w.{-_-m:m-wh- impact of
{02 emission corstant hilass kW hour Rezal Emissions of the ship at port Specific value  |Ship operating scemario A1XTE 1
Naox emission corstant hilass &k hour Rzal Emiszions of the ship at port Specific value  |Ship operating scenario A1XTE 1
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Unit
{of value of

Emissions of the ship at port

Specific vakue

Source or link to sownce

iz link to pdf, worksheets, tables, etc.)

Ship operating scenario

parameter is
input

Time reference
|when these
costs were

ned)
GO, Y

4

SHIPLYS

Geographical
reference
(where these
costs were
estimatedde
fined)

HC emission constant

i

kW Thour

Emissions of the ship at port

Specific value

Ship operating scenario

i

kW Mhour

Emissions of the ship at port

Specific value

Ship operating scerario

£ content in ail

g

centag %

Emissions of the ship at port

Specific value

Ship operating scerario

202 emission constant

i

Emissions of the ship at port

Specific vakue

Ship operating scenario

A12T2

Fued calarific value

WLkg Fuel

Emissions of the ship at port

Specific value

Ship operating scenario

1 kg il

Emissions of the ship at port

Specific value

Ship operating scerario

LNG calorific value

bifkg LG

Emissions of the ship at port

Specific value

Ship operating scerario

Calorific valwe of fuel

§ 44 4

Blfkg Fuel

calorific value of a substance (fued,
oil, LNG] is the amount of heat

1| | during the combustion of 2
specified amount of it. The enengy
value is a characteristic for each
substance. It is measured in units of
energy per unit of the substance

Specific vakue

-npl.co. uk chemis

'3 1173 11 4html

A12T2

Callarific walue of od

i

i g il

calorific value of a substance (fusl,
oil, LNG] is the amount of heat
released during the combustion of 2
specified amount of it. The enengy
value is a characteristic for each

L we It ix e in wnits of

-nipl.co. wl/ chemis

'3 1143 11 A.html

Calarific walws of LNG

calorific value of a substance (fued,
odl, LNG] is the amount of heat

| | during the combustion of a
specified amount of it. The enengy
value is a characterstic for each
substance. It is measured in units of

h unit ineeri

s-calorific-value

A1272
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The M0 emission standards are
oommonby refermed to as Teer |, 0 & 1
dards. The: Teer | dards were

diefined in the 1997 version of Marpal
Annex V1, while the Teer 1A
standards were introduced by Annex
¥l amendments adopted in 2008.

Source or link to sounce

jiLe. link to pdf, worksheets, tables, etc.)

T 2005 170 a5 . e LE]
Tewwm 2041 145 44 . opraa nLE
Tia @ 20064 54 0. a2 1.496

= i % Do e Cormeral Asma (T | st dar s apply satsds GCAK)

4

SHIPLYS

Time reference |Geographical
e hezn theesae reference
costs were (where these
Cosis were
parameter is mesd]
input DDA Y

Maintenance emissions Mdass tors,m3 Real Emissions due to maintenance Specific value | Mainteraince database [GaBi, CAML, ECO-REFITEC, RECIPE etc. ) A1273 1
C02 emission Mdass kW hour | Real Emissions due to maintenance Specific value | Mainteraince database [GaBi, CAML, ECO-REFITEC, RECIPE etc.) A1373 1
Max emission Mdass gk hour | Real Emissions due to maintenance Specific value | Mainterance database [GaBi, CML, ECO-REFITEC, RECIPE etc.) A1273 1
O emision Mdass kW hour | Real Emissions due to maintenance Specific value | Mainterance database [GaBi, CAL, ECO-REFITEC, RECIPE etc ) A1273 1
HC emission Mdass gfkWhour | Real Emissions due to maintenance Specific value | Mainteraince database [GaBi, CAML, ECO-REFITEC, RECIPE etc. ) A1273 1
Particulates Mdass kW hour | Real Emissions due to maintenance Specific value | Mainteraince database [GaBi, CAML, ECO-REFITEC, RECIPE etc.) A1373 1
% cantent in oil (%) Percentag % Real Pallution due to mainterance Specific value | Mainterance database [GaBi, CML, ECO-REFITEC, RECIPE etc.) A1273 1
202 emission (gEW/hour)  |Mass kW hour | Real Emissions due to maintenance Specific value | Mainterance database [GaBi, CAL, ECO-REFITEC, RECIPE etc ) A1273 1
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4

SHIPLYS

Impaut to Time reference |Geographical
Unit [to wehich IS0 | when thess reference
|of value of Cource or link to sownce i costs were iwhere these

M ET —
i mimth e link to pe, worksheets, tables, etc)

parameter is ned]
input DO RARA Y'Y

Energy conswmption for the Energy KW It iz the efficient use of energy, in Specific value Shipyard's database
installation of the this way optimizing the production
equipment processes and the use of energy using

the same or less to produce mone

goods and services efficient.

Retrofitting Emissors hiass tors,m3 Rezal the amount of emissions (C02, §, Specific value Shipyard's database Al¥T4 i
etr..emitted into the atmosphene

Particulate reduction (%) Percentag % Real the amount of suspended particdes  |Specific value | Shipyard's database AlXT4 1
emitted into the atmosphere and
after retroffiting 3 rechuction

502 reduction %) Fercentag % Real the amount of emissions [So2 Specific value  |Shipyard's database A1XT4 1
emitted into the atmosphere and
after retroffiting 3 redhuction

Total change of SFOC Percentag % Specific Fuel 0d Consumption is the  |Specific value  |user defined: Specific Fusl 0d Consumption & the corsumtion of fuedoil  |A1274 1
corsumition of fued oil per unit enengy per unit energy at output shaft. For retrofiting procedures the change in
at output shaft. For retrofiting SFOC will be estimated.
procedures the change in SFOC will Muass of fuel consumed per Aour
b mstamated. j}'{]f:

Break power in that particular hour

Wumber of year of ship Date Time The year in the ke of a ship that Specific value  (user defined: The year in the Bfe of a ship that retrofiting is selected Alradq, A12T4 2
operation retrofiting is selected

Mwerage scrapping hllass tors,m3 Real Emissions due to sorapping Specific value  (GaBi database/shipyard's database A1XTS 1
emissions

02 emission Mass g/kW hour | Real Emissions due to sorapging Specific value  (GaBli database/shipyard's database ALXTS 1
Max emission Mlass gk hour | Real Emissions due to sorapging Specific value  (GaBi database/shipyard's database A1XTS 1
0 emissian Mlass &KW hour | Real Emissions due to scrapging Specific value  |GaBi database/shipyard's database ALXTS 1
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4

SHIPLYS

Time reference  (Geographical
| when thess reference
Cource or link to sownce i costs were iwhere these

({i.e. link to pdf, worksheets, tables, etc.)
parameter is ned]
input DO RARA Y'Y

/KW hour Emissions due to sorapping Specific value | GaBi database/shipyard's databaze
Particulates Mass  |g/kWjhour |Real Emissions due to scrapping Specific value | GaBi database/shipyard's database AL1XTS 1
S02 emizsion (gfeWthour]  |Mass gk hour | Real Emissions due to sorapging Specific value | GaBi database/shipyard's database A1XTS 1

A128 Estimation of risk

Source o link to Inpist to Lewel of confidence Time reference  Geographical

Uit T N [to which 150 fscale0to 2,0 {when these reference
Phiysical [of walue of pe Short .-DIII'I:-E n_'_ = MEaning user Costs werne [where these
. [paramet o |i.e. link to pdf, activity niosde or ) 5 -~ .
quantity  the or ) description wrorkebests table tool this parameter =Himation and 2 estimated/define costs were
parameter] type . i i meaning fully d] estimated] defi

ete.) is input

walidated datal DDy R Y med)

Risk Assesument

Cost of cargo loss

Cost of human ife loss

Cost of acod | spills

Sewerity of structural degradation
Probability of structural degradation

Probability of cam failure
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Phiysical quantity

A129 Perform preliminary planning of production

Unit
[of value of the parameter)

Type |parameter

type)

Shart
description

Souree or link to  Related to
SOUrce (te which 150
Source type (i.e. link to pdf,  activity this
workshests, parameter is
tables, ete.] related)

4

SHIPLYS

Flow designation
|designation of the
flow lines that
connect the
parameter to the
activity node)

Lewel of
confidene

Raw materials Mlass kg Real Specific value Al17291 1
Block division Mon-Dirmmesional Character Real Specific value Al291 1
Section division Mon Dimrmensional Character Real Specific value A17291 1

A12921 Estimate production sequende start and end dates

Start date production Tirme Date- Character Real Specific value AlZO21 1
Finish date production Tirme Date- Character Real Specific value Al1ZE21 1
A12922 Estimate delivery dates of raw material

Delivery date raw of rmaterial Tirme Date- Character Real Specific value A12922 1
Delivery dates of raterial for production Tirme Date- Character Real Specific value Al2923 1
A12922 Estimate delivery dates of master equipment and main outfitting components

Delivery dates of rmain outfitting components Tirme Date- Character Real Specific value Al7923 1
Feasibility studies Mon Dimrmensional Character Real Specific value AL293 1
Capacily requirements Mon Difmriensional Character Real Specific value A1293 1
Technology reguirements Mon Dimrensional Character Real Specific value AL293 1
Subcantracting data Mon Dimrmensional Character Real Specific value A1293 1
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