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A B S T R A C T

RoPax ferries are designed for maximum efficiency, enabling smooth loading and unloading of cars, cargo and
passengers. When optimising successful RoPax design, a compromise is always made between a light and
compact hull geometry with diminished power requirement whilst providing substantial car and passenger
capacities.

In response to recent computational developments, Computational Fluid Dynamics (CFD) is a widely-used
design tool amongst naval architects owing to its more accurate results compared to conventional potential flow
theory based techniques. By combining CFD tools with Computer Aided Design (CAD) software, it is possible to
obtain useful results at an early stage of a typical ship design process.

The key objective of this paper is to design an environmentally friendly RoPax ferry utilising CAD and CFD
tools. This aim was achieved by developing a new RoPax design with a new green power plant configuration
releasing less greenhouse gas (GHG) emissions to the atmosphere. The performance of the green power plant
was assessed through making a comparison to other power plant options. It is clearly shown in the paper that
the hybrid LNG turbine is the most environmentally-friendly power option amongst the two other power plants
investigated in this piece of research.

1. Introduction

As the focus on the environmental operation of commercial ships
increases, naval architects and ship builders are seeking ways to build
and operate more environmentally friendly ships. Sustainment of the
shipping industry in response to progressively stringent emission
controls, has been at the forefront of technological development for
many years, particularly regarding the evolvement of current marine
prime movers, or the integration of alternate fuels which emit
diminished volumes of harmful substances. The International
Maritime Organisation (IMO) enhanced this process by introducing a
revised version of the MARPOL Annex VI regulations (2014). These
regulations require oil companies and engine manufacturers to follow
certain guidelines, in order to limit the SOx and NOx emissions. The
limitations on NOx emissions, commonly referred to as Tier III criteria,
became effective as of 1st January 2016, and apply to ships operating in
the Emissions Control Areas (ECAs) of North America and United
States Caribbean Sea, particularly to engines installed after 1st January
2016 with a power output greater than 129 kW. Similarly, the SOx

regulations became effective as of 1st January 2015 (IMO, 2014).

DNV GL is also pushing the marine industry in an environmentally
friendly direction, by actively taking part in research projects by
providing both funding and human resources. DNV GL published a
report in 2015 where they stated that “the future is hybrid”, and
promoted the usage of batteries as a viable solution to reduce emissions
from the marine industry. The report concluded with a 14% reduction
in fuel consumption when using hybrid configurations (DNV GLDVN,
2015a).

The Danish/German based ferry operator Scandlines AG is a
company that currently owns the largest fleet of hybrid ferries in the
world. The fleet of 5 ferries, operating on shorter voyages (1–3 h), have
proven to reduce CO2 emissions by 15% (Hand, 2015).

Using cleaner fuel, such as LNG, as an alternative to diesel has
become more common during the last decade. According to the DNV
GL's report (2015b), there are currently around 150 LNG fuelled ships
either in operation or on order worldwide. With DNV GL as a project
partner, MS Helgoland was built in 2015. The 83 m long ferry was
fitted with LNG engines which reduced CO2 emissions by 20%, NOx

emissions by 90% and SOx emissions by 95%, as well as eliminating
particulate matter emissions (DNV GL, 2015b).
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The possibility of using alternatives to the traditional diesel engines
for power production has also been a topic of increasing interest. GTT,
CMA and its subsidiary CMA Ships and DNV GL (2015), jointly studied
the technical design and economic feasibility for an electric-driven
20,000 TEU ULCV container ship to utilise an LNG-fuelled combined
cycle gas and steam turbine (COGAS) power plant. The study con-
cluded with LNG fuelled COGAS power generation as the most efficient
and economical way of converting fuel into mechanical power or
electricity, as they can achieve overall efficiencies and power to weight
ratios far beyond traditional diesel engines.

According to IMO's official database of ships (Global Integrated
Shipping Information System-GISIS), there are 633 RoPax ferries of
more than 10,000 gross tonnage (GT) currently in service, but only
44.2% and 19.1% of them were built after 1996 and 2006, respectively.
These numbers suggest that the majority of the global fleet of RoPax
ferries are old, and were built at a time with low oil prices and little
focus on the environment. These figures along with a rising interest in
global warming and climate change issues, have encouraged a new
generation of environmentally friendly RoPax ferries.

With this in mind, this study presents a new design of an
environmentally friendly RoPax ferry by combining CAD and CFD
software packages. This aim was achieved through creating a new ferry
design with a selection of green power plant configurations to propel
the ferry. Fully nonlinear unsteady Reynolds-Averaged Navier Stokes
(RANS) simulations were carried out to obtain the ship resistance
versus speed curve of the vessel to predict the ferry's power require-
ments and hence fuel consumption and emissions for a range of
forward speeds. Using the results obtained from CFD, three different
power plant configurations for the ferry were investigated and the
emissions for each individual power plant installation were predicted
based on a predetermined operational scenario. To the best of our
knowledge, no specific study exists which aims to investigate the
possible benefits for a RoPax ferry to utilise a combination of two of
the most environmentally friendly power configurations – a hybrid
version of LNG fuelled COGAS power generation system. This study
therefore may be useful to understand the operational emissions of the
above power generation system by comparing its emissions to those
from other power plant configurations installed on the same ferry. In
addition, during our literature review (given in sub-section 2.1), it was
seen that although significant previous research has investigated the
motions, resistance and added resistance of a ship using CFD, no
specific study exists which aims to directly estimate the GHG emissions
of the vessel due to its operation using a CFD-based RANS technique.

1.1. A typical ship design process

The design process adopted in this study, aiming towards obtaining
a vessel with reduced emissions, is depicted in Fig. 1. The goal of the
design process is to reduce the operational emissions by designing a
ship that is compact and can carry many vehicles and passengers
relative to its size.

The key to obtain lower operational emissions by design optimisa-
tion is to optimise the internal arrangement of the ship in such a way
that the ship becomes lighter and more compact. It is important that
the ship maintains its cargo capacity during this process, which in this
case is passengers and vehicles. This in turn causes a reduction in total
resistance and hence less power requirements and therefore lower
emissions.

CAD and CFD software packages are important design tools
implemented in this part of the study. The CAD software will be used

to design a ship geometry that will then be imported into the CFD
software which will be used to measure the resistance characteristics of
the vessel against speed. This will then enable determination of the
power vs speed curve of the vessel in question.

On the basis of the CAD model, a general arrangement (GA)
drawing specifying the passenger and vehicle capacity will be devel-
oped. A comparison of similar vessels in terms of capacity and power
requirements will be used as a basis to measure the performance of the
new ship geometry developed in this paper.

1.2. Green power plant selection

The goal of the power plant selection is to reduce the emissions of
the ship. This means that the power plant needs to be efficient and yield
relatively small emissions per kWh power output. It is worth noting
that the power plant needs to be able to fulfil the IMO MARPOL Annex
VI emission criteria (IMO, 2014).

The power plant selection is of great importance in order to reduce
the overall emissions from the ship. Whereas the ship geometry
determines how much power is required to propel the vessel, the
power plant selection determines the level of emissions per power unit
used. This paper will focus on new power plant technology and the use
of alternative types of fuel in order to formulate a power plant
configuration that is purposely designed for reduced emissions.

The power vs speed curve obtained from the CFD analyses will be
the basis of the power plant selection. Multiple power plants will be
compared to each other in order to make a validated selection, and
emission calculations will be the main factor for the final power plant
selection.

This paper is organised as follows. Section 2 gives a brief literature
review on emissions and CFD studies on hull optimisation. Afterwards,
the main dimensions of the ship and the properties of the other
comparison cases are given. Following this, the numerical setup of the
CFD model is presented. Then, all of the results from this work are
discussed in detail. Finally, a brief summary of the main results from
this work are provided in Section 5 and suggestions are made for future
study.

2. Background

RoPax ferries are a combination of RoRo ferries and passenger
ferries. RoRo ferries are built for transporting vehicles that can “roll on
and roll off” whereas passenger ferries are built for transporting
passengers. As a RoPax ferry is a combination of the two, they are
designed to transport both vehicles and passengers. According to
ShipPax, RoPax ferries transported more than 1.3 billion passengers
and 217.5 million vehicles on 5.9 million global crossings in 2004
(Zagkas and Pratikakis, 2012).

2.1. Literature survey

As stated in Tezdogan et al. (2016), CFD is a commonly used design
tool among naval architects and marine engineers due to its significant
advantages over potential flow theory based methods. The application
of such techniques to determine the performance and behaviour of
ships allows designers to assess hydrodynamic performance at the early
design stage enabling any necessary corrective action to be taken before
the ship is actually built. Tezdogan et al. (2015) reviewed the latest CFD
applications in the marine industry in the literature review section of
their article.

Fig. 1. Reduced emissions by hull optimisation.
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