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Abstract 

The H2020 European Research project – HOLISHIP – Holistic Optimisation of Ship Design and Operation for 
Life Cycle (2016-2020) sets out to substantially advance ship design to achieve much improved vessel concepts 
for the 21st century. This innovative design approach, which is implemented into an integrated design software 
platform, considers all relevant ship design aspects, namely energy efficiency, safety, environmental 
compatibility, production and life-cycle cost.  In the present paper we demonstrate parts of the HOLISHIP 
approach by the optimisation of a RoPAX ship using concurrent hydrodynamic and machinery simulation 
software tools to improve the design and operational behaviour of the vessel. This exercise is conducted by 
different partners in different sites on a common data set for the study vessel. The conducted multi-objective 
optimisation for improved efficiency and safety uses parametric models for ship’s hull form and internal 
arrangements, and demonstrates the functionality of the adopted approach in a complex design problem. 
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1. Introduction 

The pattern of seaborne trade and goods transportation is changing, and so do the vessels of transportation. They 
need to adapt to changing customer and market requirements, cargo volumes, and new legislation for safety and 
emissions. An increased energy efficiency awareness and general uncertainties regarding fuel cost and future 
types of marine fuels pose extra challenges. This calls for significant advances in ship design (and operation) to 
meet continuously changing requirements.  

The H2020 European Research project – HOLISHIP – Holistic Optimisation of Ship Design and Operation for 
Life Cycle, a joint effort of 40 European maritime RTD stakeholders, sets out to substantially advance ship 
design to achieve much improved vessel concepts for the 21st century (HOLISHIP, 2016-2020). This new and 
advanced design approach, which is implemented in an integrated software platform, considers all relevant 
design aspects, namely energy efficiency, safety, environmental compatibility, production and life-cycle cost, 
which are optimised in an integrated manner, while delivering the right vessel(s) for future transport tasks.  
Based on a state-of-the-art process integration and design optimisation environment – CAESES® from 
Friendship Systems – the HOLISHIP design platform integrates cutting edge first principles analysis s/w from 
various disciplines relevant to ship design – hydrodynamics, structural analysis, engine simulation – and 
combines them with advanced multi-objective optimisation methods. Based on a formalised set of design 
objectives and user requirements as target functions, the platform supports ship design through different stages 
from concept through contract design and operational analysis while dedicated cost models allow for permanent 
control of capital and operational expenditures. The interplay of all design components in form of a design 
synthesis model hosted on the HOLISHIP platform explores a much wider design space and finally achieves 
superior designs in less time compared with traditional approaches. In the first project phase HOLISHIP 
integrates a full range of s/w tools into the design platform. These cover all relevant disciplines and have both, a 
complementary as well as a concurrent character.  

While the full use of the design platform will be demonstrated later by means of applications to a large range of 
industrial test cases, a subset of the functionality is demonstrated at this early state in the present paper. Starting 
from a given hullform for a RoPAX ship, a performance optimisation using concurrent hydrodynamic 
engineering tools from project partners HSVA and NTUA and machinery simulation tools from Bureau Veritas 
is performed to improve the design and operational behaviour of the vessel. This exercise is conducted by 
different partners in different sites on a common data set for the vessel in the HOLISHIP platform. The 
optimisation is performed using external constraints which are gradually introduced as functions in the platform 
thus demonstrating the full extent of the successively growing functionality. 

2. The HOLISHIP Integration Concept 

The integration of a large number of techno-economical disciplines and their associated software tools and data 
requires a sound, flexible and easy to use IT basis. Based on an early decision in the project two different IT 
concepts have been chosen for i) the concept and preliminary/contract design development and ii) a virtual 
demonstrator intended for concurrent simulation of ship systems in operational conditions. While the planned 
HOLISHIP virtual demonstrator is based on an evolution of the CPACS/RCE workflow engine developed by 
DLR and known from applications in the aviation industry, the HOLISHIP design platform is based on 
CAESES®, a general process integration and design optimisation (PIDO) environment. CAESES stands for 
"Computer Aided Engineering System Empowering Simulation" and is developed and licensed by 
FRIENDSHIP SYSTEMS. Any software that can be run in batch-mode can be coupled to CAESES 
(www.caeses.com) in order to set up process chains and undertake automated design and optimisation studies. 
The available coupling mechanisms are flexible: All input files needed to run external software are used as so-
called template files. All output files typically generated while executing the external software are collected as 
template files, too. When coupling an external code to CAESES the user can easily mark any part of these 
template files, specifying which data items are to be replaced or read for extracting information.  
Practically the process of coupling is facilitated through a new functionality added to CASES which reduces 
complexity and makes it easier for the non-expert to run high-quality simulations. The idea is to wrap 
functionality for specific use cases and offer them as so-called technical APPs, short for applications. Rather 
than presenting the entire set of options that expert tools usually provide, technical APPs are configured such 
that a meaningful sub-set is made available for dedicated usage. An example for coupling CFD packages for 
dedicated maritime applications is given in Harries et. al. 2017, more elaborated descriptions can be found in 
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MacPherson et al. (2016). In general, the software tools to be coupled can be made available either locally (on 
the same computer) or remotely (e.g. within the same network), possibly combining different operating systems 
(Windows and Linux). The present paper focuses on the use of this design platform.  
The holistic design approach adopted in HOLISHIP is indicated in the following Fig. 1. Tools and system data 
from all disciplines are integrated by “design synthesis” in the platform, which allows a concurrent analysis and 

optimisation of systems and components in contrast to the sequential/iterative approach used in the classical 
design spiral.  The holistic concept in ship design was introduced earlier by Papanikolaou (2010). While the idea 
of combining different design disciplines in an overarching optimisation has been addressed already at research 
level, Papanikolaou et. al. (2011), Koepke et al. (2014), HOLISHIP forms the next step, namely to develop the 
necessary software platform with the necessary tools which will allow naval architects and designers at 
shipyards, design offices and consultancies to apply the holistic approach at a practical level. This will be 
eventually demonstrated in the project by a series of planned application studies, which are coordinated by the 
participating maritime industry. 

3. Design Disciplines (so far implemented) 

The number of technical disciplines involved in the design of a ship or a maritime asset is huge and there is no 
real “end” to it as it may expand further with every new vessel built for a novel purpose. The dynamic 
positioning (DP) capabilities of modern offshore supply vessels may serve as an example which will be 
addressed in a later Application Case in the project. HOLISHIP aims at integrating as many tools from key 
disciplines as necessary for the planned demonstration studies into the project’s design (synthesis) platform in a 
"bottom-up approach".  The design study presented here is limited for practical reasons to few key disciplines, 
which are meant to highlight the basic idea of the HOLISHIP approach and illustrate how the developed 
software system will be extended further during the project and the time after.  

3.1. Hydrodynamics 

The hydrodynamic performance of a ship 
determines to a large extent the energy efficiency 
and – together with stability – its safety level. The 
required propulsive power for a specified speed is 
a key contractual item for any new vessel as it 
determines fuel consumption and hence cost and 
emissions which is indicated today by the Energy 
Efficiency Design Index – EEDI. Hence low 
resistance and high propulsive efficiency are 
fundamental prerequisites and optimising the 
hullform and the propeller / propulsor 
performance using suitable CFD tools is a must. A 
variety of additional hydrodynamic tools, like 

Fig. 1 Design synthesis combining all relevant disciplines of ship design 

Fig. 2 Hydrodynamic analysis in HOLISHIP - Response surfaces and 
contributions 
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panel codes the for seakeeping performance and added resistance in seaways, tools for the effect of wind 
simulation of manoeuvring or capturing the effects of hull appendages and energy saving devices up to the 
prediction of the effect of increased frictional resistance due to hull fouling form the basis for a complete 
hydrodynamic analysis.  
The range of simulations applied to a specific design is adapted to its particular requirements. As indicated in 
Fig. 2 the results obtained from such analyses will lead to response surfaces which can be subsequently used 
during specific optimisation processes (Marzi et al, 2012). The application case described in more detail in the 
following encompasses mainly calm water, seakeeping and added resistance prediction tools which feed 
integrated propeller design tools to predict the power requirement under realistic weather conditions for the 
sample RoPAX ferry design.  

3.2. Ship Stability 

The safety of ships against sinking/capsize in case of loss of their watertight integrity is of prime interest to the 
maritime regulatory bodies, the maritime industry and to the entire society. The new probabilistic damaged 
stability regulation for dry cargo and passenger ships (SOLAS 2009) represents a major step towards the 
rationalisation of the procedure for the assessment of ship’s survivability in damaged condition. The 
investigation of the impact of the new damaged stability formulation on the design and operational 
characteristics of passenger ship is a major task of designers aiming at vessels of enhanced efficiency and safety. 
While the new regulation is more rational than the earlier deterministic approach, it requires the consideration of 
some hundreds of damage stability/flooding scenarios, which can be only studied by dedicated software tools. 
Also, the consideration of alternative arrangements, when optimising ship’s design for enhanced safety (or 
survivability in case of ship’s hull damage), multiplies the number of considered damage scenarios, thus calling 
for specialised design software tools as an alternative to the traditional manual study of a few 
design/compartmentation alternatives. In the EU funded project GOALDS (2009-2012) software tools for the 
parametric design and automated multi-objective optimisation of RoPAX (and cruise) vessels were developed 
and adapted to the new regulation leading to vessels of enhanced survivability, while considering also building 
cost and efficiency in operation (Zaraphonitis et al., 2012). These software tools are now integrated in the 
HOLISHIP platform, allowing the concurrent optimisation of ship’s stability/safety with other major design 
disciplines. 

3.3. Energy systems simulation 

Energy efficiency optimisation relies on two pillars: reducing energy needs and optimising energy production. 
While hydrodynamic performance optimisation addresses the first pillar for the main energy need for all types of 
vessels, i.e. ship propulsion, energy systems simulation allows addressing the second pillar, by simulating the 
way energy is produced and used on-board. This should be feasible for complex energy flows since couplings 
naturally exist between ship energy systems (i.e. propeller and main engines) or are voluntarily searched to 
improve efficiency (e.g. to recover waste heat). Ship fuel consumption depends on instantaneous operational and 
environmental conditions. Whereas optimum design and/or operational solutions can be determined for each 
condition, trade-offs must be found when considering the conditions that the ship will encounter during her life 
(i.e. different operations and different environmental conditions). Consequently, energy efficiency optimisation 
should be performed by considering, as far as practicable, the expected complex operational profile of the ship. 

The Model Based System Engineering approach has proven suitable to model complex energy flows while 
considering complex ship operational profiles. It has been successfully implemented for ship optimisation in 
previous research and industrial projects (e.g. Faou et al., 2015). 

The innovative, and challenging, aspects that are developed in HOLISHIP concern the way in which such an 
approach can be integrated in the new design synthesis developed in the project. This raises several important 
issues: 
• Definition of the energy systems optimisation workflow in the global ship design and optimisation 

workflow. 
• Definition of a parametric model of the ship energy systems. This is a discrete model that can comprise 

various systems topologies, types of equipment, sizing of equipment, and even brand of equipment. 
• Connection of the energy system simulation software with the HOLISHIP design platform. This means how 

the simulation software can be called from the platform and how input and output data can be exchanged 
between the simulation software and the platform. 
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All above items are addressed in the project. For the present paper, efforts focused on the creation of a 
parameterised energy model of a ROPAX ship. 

3.4. Other HOLISHIP platform elements 

The present study describes a snapshot of the HOLISHIP developments which will continue for until August 
2020. During this period a range of additional tools will be added to the platform, as necessary for the conduct of 
the planned Application Cases. These additional tools mainly refer to ship's structural design and the life cycle 
assessment (LCA) of the design product. For the design of ship’s structure and the generation of related data, 
like structural weight/lightship/displacement, centroids and their effect on ship’s payload, stability etc. a variety 
of methods and tools are being developed as appropriate for the various application studies.  Structural design 
data for concept design are semi-empirical in principle or classification society rules-based, whereas contract 
design structural data are resulting from the application of advanced structural analysis methods, like FEM. Such 
tools play an important role in the design of innovative vessels for which no empirical data are available, or 
when optimising vessels for minimum structural weight. A strong focus is being placed in HOLISHIP on life 
cycle aspects and the related assessment (LCA) to achieve better vessel designs, which are more adaptable to 
changes of the operational profiles encountered during their life span. Assessment of the environmental, energy 
efficiency and economic performance of a vessel will be via suitable Key Performance Indicators (KPIs, e.g., 
Cumulative Energy Demand CED, Global Warming Potential GWP, Net Present Value NPV). This assessment 
will include evaluation of different operational profiles and maintenance strategies, allowing to validate the fit-
for-purpose properties of the equipment and to allow an extended warranty to the ship owner. A Decision 
Support System (DSS) will be developed allowing the identification of the most effective decisions/strategies to 
be assumed at any stage of the vessel’s life cycle (as a function of the vessels’ design features), while 
considering lifecycle uncertainties (e.g., fuel, chartering).  

4. Holistic Design Study for a RoPAX Ferry 

The HOLISHIP project sets out to perform 9 different application cases in which the approach and the role of the 
HOLISHIP platform will be illustrated (www.holiship.eu). The present paper presents the design of a RoPAX 
ferry as a first example of parts of the HOLISHIP platform. Note that the same vessel was used earlier in the 
GOALDS project, while optimising it for enhanced damage stability (Zaraphonitis et al., 2012).  

The assumed mission requirements refer to sensible transport requirements in form of number of passengers and 
lane metres as well as speed parameters for the operation. For a typical sailing distance of 175nm a speed profile 
of 27kts for a daytime crossing and 21kts for the return leg during the night has been found optimal to satisfy the 
day round trip requirement. These conditions e.g. apply to the busy route between mainland Greece/port of 
Piraeus and the island of Crete/port of Heraklion. For the energy analysis, this operational profile has been 
complemented by berthing and manoeuvring phases. Hence 4 hours at berth in both ports and a 0.25h 

manoeuvring phase just before and after each 
harbour phase were assumed to define a 
complete 24 h round trip. 
 

Length OA abt. 183m 
Length BP 162.85 m 
Subdivision length 182 m 
Breadth 27.6 m 
Subdivision draught 7.10 m 
Height of bulkhead deck 9.80 m 
Number of passengers 2,080 
Number of crew 120 
Gross tonnage abt. 36,000 
Deadweight 5,000 t 
Number of cabins 180 
Lane metres 1,950m 

Fig. 3 General Arrangement and main characteristics of the original design 
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The selected vessel is a typical RoPAX ship, originally designed by FINCANTIERI S.p.A. for short international 
voyages.  The vessel is a twin screw ship with bulbous bow and an aft skeg. The General Arrangement Layout 
enables fast loading/unloading of passengers and vehicles, with good simultaneous flow of cargo, stores and 
necessary services. The general arrangement of the original design up to deck 4 is presented in Fig. 3, while its 
main characteristics are summarised in the adjacent table. 

4.1. Parametric model 

A parametric hullform model for the design of the ferry 
was created in CAESES as the backbone of the 
HOLISHIP integration platform. The geometrical 
information thus generated is available to all tools like 
CFD, energy simulation, cost estimates etc. For the hull 
form development the parametric model includes its basic 
dimensions – namely, length L, beam B, design draft T – 
as well as integral form parameters such as block 
coefficient CB, mid-ship coefficient CM and longitudinal 
centre of buoyancy xCB (LCB). In addition, several local 
parameters describing the geometry of the bulbous bow 
were provided. The effects of these parameters are partly 
indicated in Fig. 4. The parameters chosen relate to the 
disciplines involved in the current analyses, giving access 
to desirable modifications at both the concept and the contract design stages. The model can be enhanced (or 
reduced) depending on the design task at hand. An interactive web application of the geometric model for the 
RoPAX can be found at the project’s web site (www.holiship.eu). Parallel to the outer hullform the internal 
subdivision (position of bulkheads and decks) of the vessel is parameterised. This is necessary for the 
optimisation of ship’s stability, which is performed by another tool, namely NAPA, while the HOLISHIP 
CAESES platform maintains the control of consistency of the overall data model and hence governs the 
parameter set used for this analysis and associated optimisation.  

4.2. Hydrodynamics  

The hydrodynamic hullform optimisation for the RoPAX application case is shown in the following. Based on 
the form parameter set described in 4.1 a response surface for the calm water resistance, added resistance in 
waves and propulsion has been generated to find the optimal hullform requiring the least propulsive power PD 
for a typical spectrum of operating conditions on the assumed ship route. Using a combination of HSVA’s in-
house RANS (FreSCo+), Hafermann (2007) and potential flow (ν-SHALLO, Gatchell et al., 2000) codes a total of 
720 design variants were investigated to generate response surfaces like the example shown in Fig. 5, which 
form the first design space exploration. Based on this, a hullform optimisation using a Simplex type method 
(Nelder-Mead) was conducted. Next to the single speed optimisations, a mixed objective function was also 

applied, namely considering the 
different operational requirements at 
high and low speed in a weighted 
manner, namely PAV = 0.5625 
P21kts+0.4375 P27kts. Fig. 5 indicates 
that optimising for the lower-speed of 
21 kts (red markers) the optimisation 
leads to a shorter hull, which is 
associated with a smaller wetted 
surface and lower frictional resistance. 
On the contrary, the 27kts speed 
scenario (blue markers)) features 
significantly more wave resistance and 
a longer hull will be slightly more 
favourable for the total resistance (and 
power requirement). 

Fig. 4 Parametric Hullform Model and Bow Detail 

Fig. 5 Response surfaces opt. calm water 21kts (red) and 27 kts (blue) 

http://www.holiship.eu/
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Table 1 presents the main characteristics of the baseline and the optimised designs for 27kts, 21kts and 
averaged/mixed operational profile. 
Table 1. Comparison of main characteristics of the four alternative designs 

 LPP [m] B [m] T [m] DISPL 
[t] 

LCB 
[%L] 

Max. 
DWT 

Number of 
Passengers 

Lanes 
Length 

BASELINE 
Design 

162.85 27.6 7.1 18471.9 45.45 5450.7t 2069 1908.5m 

opt@27kn 169.887 27.6 7.1 19169.4 44.00 5632.1t 2169 1987.5m 
opt@21kn 155.00 27.6 7.1 17924.7 44.00 5377.7t 1979 1818.8m 
opt@Pav 158.924 27.6 7.1 17875.7 45.50 5475.0t 2029 1868.6m 
 
The following Fig. 6 compares the power curves for the initial and the optimised design for the averaged 
operational profile indicating gains of about 5% for the two boundary speeds. 
 
Added resistance was determined using NTUA’s 
NEWDRIFT+ code (Liu et al., 2017). For the given 
route in the Aegean Sea a typical JONSWAP spectrum 
with HS = 3m and TP = 6.7sec was assumed. 
Calculations were conducted for 4 headings and 
calculated significant values of added resistance were 
superimposed to the calm water resistance and a 
summary of results are shown in tables 2 and 3. As 
shown in these results, the added resistance of the 
optimised hullform is reduced in comparison with the 
baseline design for both speeds and all heading angles. 
The best results are obtained for the longer hullform, 
optimised for 27kts. 

Table 2. Added Resistance Results at 21kts 

Original Design Optimum @ 21kts Optimum @ 27kts Optimum @ PAV 

Heading Add. Res. 
[kN] 

Add. Res. 
[kN] 

Diff 
[%] 

Add. Res. 
[kN] 

Diff 
[%] 

Add. Res. 
[kN] 

Diff 
[%] 

135 245.7 232.4 -5.4% 211.2 -14.0% 233.6 -4.9% 
150 208.2 205.2 -1.4% 193.4 -7.1% 189.3 -9.1% 
165 149.3 146.6 -1.8% 127.0 -14.9% 128.7 -13.8% 
180 128.8 110.0 -14.6% 99.1 -23.1% 97.7 -24.2% 

Table 3. Added Resistance Results at 27kts 

Original Design Optimum @ 21kts Optimum @ 27kts Optimum @ PAV 

Heading Add. Res. 
[kN] 

Add. Res. 
[kN] 

Diff 
[%] 

Add. Res. 
[kN] 

Diff 
[%] 

Add. Res. 
[kN] 

Diff 
[%] 

135 282.1 276.6 -2.0% 252.4 -10.5% 258.3 -8.4% 
150 258.5 255.0 -1.4% 224.2 -13.3% 238.5 -7.7% 
165 185.1 179.6 -3.0% 152.3 -17.7% 161.0 -13.0% 
180 165.5 142.9 -13.7% 105.3 -36.4% 118.3 -28.5% 

4.3. Ship stability  

Intact and damage stability calculations were conducted for all design alternatives using NAPA, which was 
integrated for this purpose into CAESES. For each hullform developed in CAESES, an IGES representation is 
created and sent to NAPA. Once NAPA is called, it starts by automatically creating a detailed model of the 
internal arrangement of the ship up to deck 4 (the upper car deck), closely resembling the arrangement of the 
original design using the varied hullform exported from CAESES. The created compartments are grouped 

Fig. 6 Comparison of power requirements PD for initial and 
optimised hullform over the speed range considered 
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together in order to create a complete ship model in NAPA, where all relevant information is stored, such as 
compartment purposes or permeability calculation methods.  
The following table 4 summarises the intact and damage stability characteristics of the baseline and the 
optimised designs. The Intact Stability Margin is defined as the minimum difference of the actual GM minus the 
required GM for all loading conditions and all stability criteria. The Damage Stability Margin is defined as the 
difference of A Index according to SOLAS 2009 minus the R Index. It should be noted that relevant damage 
stability calculations were conducted according to the latest SOLAS provisions for RoPAX ships (IMO-SOLAS 
2009). The baseline design indicates a positive but very small (almost zero) damage stability margin, thus just 
fulfilling latest requirements. A negative Damage Stability Margin is observed for the longer vessel, optimised 
for a speed of 27kn. This is mainly due to the small GM values and the large trim by bow of this vessel in all 
loading conditions. The shorter vessel complies with the damage stability requirement with a decent margin. The 
A index of the vessel optimised for both speeds is marginally smaller than the R index. It should be noted that 
the initial RoPAX was designed to comply with the original SOLAS 2009. If calculations were to be performed 
using the new, more demanding definition for the s factor index of RoPAX ships, adopted recently by IMO 
(SDC1/WP.5/Add.1/Rev.1), results could lead to a significant reduction of the s factor for damage cases 
involving the flooding of RoRo spaces. In addition, the R Index is being increased according to the most recent 
IMO requirements. These provisions are to be applied to all ships built after 2020.  
Table 4. Comparison of stability characteristics of the four alternative designs 

 Int. Stab. Margin Dam. Stab. 
Margin 

A Index R Index 

BASELINE 
Design 

0.58m 0.00069 0.79831 0.79762 

opt27kn 0.48m -0.06878 0.73254 0.801319 
opt21kn 0.52m 0.023035 0.81722 0.794185 
optPav 0.56m -0.00133 0.79478 0.796115 

 

4.4. Energy systems model  

A rather complete energy model of the ROPAX ship has been built by Bureau Veritas in its SEECAT [8] 
simulation tool. It includes: 
• Two shaft lines with controllable pitch propellers (CPP). There are two main engines per shaft line with a 

gearbox allowing to use only one or both engines. 
• An electrical plant composed of 3 diesel generators, with its power management system, and two shaft 

generators. 
• The fresh water production system, using two evaporators, heated by the low and high temperature cooling 

circuits of the main engines. The fresh water production is activated when the level in the fresh water tank 
falls below a pre-set level. No fresh water production can be done in ports. 

• A thermal oil system for other heat consumers. It is heated by waste heat recovery boilers on the main 
engines as well as by 2 oil-fired boilers. 

A view of the model is presented in Fig. 7 below. The speed-resistance curve of the ship, as well as the thrust 
deduction factor and the wake fraction, as calculated by the hydrodynamic optimisation, are used as input 
together with the CPP open water characteristics to solve the propulsion point and obtain the shaft power and 
rpm for a given ship speed. 

A full round trip operational profile is defined as a time series of Speed, Navigation mode (at berth, 
manoeuvring, at sea), Fresh water consumption, Fuel type (MDO at berth or HFO when manoeuvring or at sea). 

All component model variables are calculated in the time domain and instantaneous and cumulative values over 
the whole operational profile are obtained. This concerns in particular the consumption of the various fuel 
consumers, per fuel type, individual and total emissions of CO2, NOX and SOx etc. 

Multiple ways of delivering mechanical power to the shaft line and electrical power are made possible with this 
architecture. They have been parameterised to allow changing configuration from one simulation to the other. 
The parameterisation concerns: 

• The CPP combinatory law (combinatory for 2 or 1 engine per shaft line, fixed rpm for 2 different rpms) 
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• The use of shaft generators (0, 1 or 2 SGs) 
• The use of 1 or 2 main engines per shaft line (so the use of 1, 2, 3 or 4 main engines is configurable)  

The sizing and characteristics of 
DGs and main engines are fixed. 
Although the corresponding 
components can be linked to a 
database that could be fed with 
the characteristics of various 
engines, the definition of suitable 
engines and their layout needs to 
be made according to the ship 
design speed, sea margin 
assumptions, use of shaft 
generators, etc. This specific 
work has been adopted from an 
existing, similar ship analysed 
earlier by BV. 

Simulations using the speed-
resistance curves calculated 
during the hydrodynamic 
optimisation, considering a 
27 kts service propulsion point with about 30% engine margin led to define, for the selected types of propulsion 
engine, a SMCR of 7920 kW at 510 rpm. The diesel generators SMCR was also defined with respect to the 
maximum electrical load as derived from the electrical load balance (i.e. during manoeuvring). 

First simulations using the 4 main engines, and an 
adapted combinatory law for the CPPs, gave an average 
HFO consumption for a round trip of 64.1 t/day for the 
original hull and 62.6 t/day for the optimised hull, hence a 
gain of 1.5 t/day (2.3%). While in this configuration the 
main engine load at 27 kts is 86%, i.e. optimal from a 
specific fuel consumption point of view, the load at 21 kts 
is low (33%). Consequently, an operational optimisation 
consists in using only one engine per shaft line for the 
night (21 kts) leg and 2 engines per shaft line for the day 
(27 kts) leg. This was integrated in the operational profile 
definition (in Fig. 8) and the corresponding calculated 

HFO consumptions are now 62.9 t/day for the original hull and 61.5 t/day for the optimised hull. This gives an 
additional gain of 1.1 to 1.2 t/day. Additional optimisation will be investigated on the electrical production by 
using the shaft generators in combination with the diesel generators. 

5. Conclusions 

HOLISHIP develops a novel ship design synthesis concept which is implemented in a popular CAE software 
platform which integrates a vast variety of different design, analysis and optimisation tools from all relevant 
(ship) design disciplines. An open architecture allows for continuous adaptation to present and emerging design 
and simulation needs. The project sets out to eventually produce a holistic design and optimisation system 
covering all relevant design disciplines in a consistent and harmonised environment.  

The present paper describes a snapshot of the on-going developments performed for a sub-set of these disciplines 
comprising the important aspects of ship stability, structural and hydrodynamic performance and energy 
simulation which together determine the two fundamental requirements of each ship design, namely safety and 
efficiency. The work highlights the integration concept which will be continuously extended to other design 
disciplines addressed during the project. The status achieved during the first year already allows demonstrating 
the effect of the holistic design and optimisation concept for the application case of a RoPAX ferry.  

Fig. 7 Energy simulation using BV SEECAT 

Fig. 8 Fuel consumption over simulated operational profile 
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The chosen application case represents a realistic transportation demand for a combined passenger and car ferry 
operating in European coastal waters. Departing from a pre-optimised hullform – which would normally be the 
starting point for industrial production – the application of HOLISHIP tools from design disciplines ship 
stability, hydrodynamic performance and machinery in a holistic design and optimisation environment, led to 
improved designs already now within very short time. The impact of service speed on ship design was clearly 
demonstrated and even if the results obtained are no surprise for an experienced designer, the speed and quality 
of an automated, computer-aided procedure examining hundreds of variants before concluding on the best 
designs is convincing. 

The present snapshot of results indicate that already at a very early stage of development considerable 
improvements can be achieved with the HOLSIHIP approach, while it still has limited functionality in terms of 
the software platform integration. Extrapolating these results onto further developments more striking design 
improvements are expected, especially when considering higher complexity and flexibility during the life-cycle 
of a vessel. This will be demonstrated in the future using a total of 9 Application Cases as diverse as Offshore 
Support Vessels, PAX, Research Vessels, different cargo ships, a double ended ferry and even an Offshore 
Platform.  
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