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ABSTRACT
This paper presents the elsenefit, design and main characteristics of advéetbectr-ship intended for
Danube short cruising and organization of varion-board events while the ship is sailing or moc
alongside pier. Advanced elec-powered 15m aluminm catamaran is designed for accommodatio
60 passengers on regular service route on Danubede Vukovar and \dedol as well as sightseeil
Danube tour in the Vukovar area. In addition tolisgi functions the ship is able to serve a
multifunction space for various touristic events, culturalistict and entertainment happenings. For
purpose the multifunction ship superstructure isigoed with  advanced aur-visual devices and
lighting system suitabléor various touristic applicationHighest environmental and energy efficier
characteristics are achieved by the use of sopatsti systems of energy distribution and convel
from onshore electrical grid and solar panels todl-board battery system as a main source of er
for the propulsion as well as ship servii
Keywords: Green passenger transpMultifunctional waterborne space, Electric powart

1. INTRODUCTION

The DANIBIUMBUS15 project is the result of coopeoat between two SM
enterprisesMarina studio d.o.ofrom Zagreb esponsible for ship design and build
and Panonsko more d.o.o. , sowner from Vukovar who hagreat experience i
tourist management serv in Croatia Financed by the Croatian Bank
Reconstruction and Development the Danubiumbusdjeq started in May 2014

2. INLAND NAVIGATION AND THE ENVIRONMENT

Greenhouse gas (GHG) emissions from shipping a¢doday for 4% of the EU GH
emissions [1] As increasingly stringent controls are placedlamc-based sources of
atmospheric emissions, there is mounting pressuréring inland navigation shi
emissions more closely within air quality policy@ss the European Communi

Inland waterway tnasport has unquestionably been the most envirorathgritiendly
mode of inland transport for decades. However, tidsantage has steadily be
eroding due to the rapid improvement of emissioomfother transport modes. Tod
inland shipping propulsic engine systems are significantly less pollutionzambed a:
comparable systems used in road transport. Progidgsved with the reduction
pollutant and greenhouse gas emissions in roagpoahis far from application i
inland shipping where preminant type of engines are older types of dieseiras
powered with high sulphur diesel fuel. As a conseqe, inland waterway transport -
certain routes, cargo types and vessel , already has higher air pollutant emiss
levels than road transpqgoer tonne kilometr

Sulphur contained in fuel causes emissions of sulptioxide (S(;) and also
contributes to the formation of secondary partiulaatter (PM) that is particular
harmful both to humans and the environment, emissions also cat environmental
problems such as acid rain affecting soil and waiter damage to biodiversi
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To comply with advanced Stage Ill A standa[2] for inland waterway vessels (Tat
1) shipping operator cachoose to switch to LN®uselled ships, electric pcertrain
ships or to cut their sulphur emissions by usinffetBnt exhaust gas cleani
technologies. Although using of higher cost lowpsuwir fuels is the easiest way
reducing pollutants from ships, application of LN&hd electric energy for tt
propusion of the ships offers additional benefits whicn some application maki
them favourable solution for the propulsion of sigps.

This specially goes for small passenger ships lwithoperational profile and autonor
where application of dieselectric propulsion with good characteristic of alhds of
the emissions and specially noise emissions caacheved. For such ships which .
characterized with low or seasonal operational ilerofvhere they are sporadica
utilized throughout the ye or with cyclic operation on the regular routes vehdrey
spent extended periods moored alongside the pigeiport, application of the elect
propulsion powertrain offers significant environman economic and passen
accommodation advantages r standard diesel propulsion powertr

Table 1.STAGEIIl A Standards for Inlan
Waterway vesse [2]
Displacement | CC NOx PM
dm?® per cylinder +HC
g/kWh
D<0.9 P>37 kW| 5.C 7.5 0.40
09<«D<1.2 5.C 7.2 0.30
1.2«D<25 5.C 7.2 0.20
2.5«D<5.0 5.C 7.2 0.20
5.0«D< 15 5.C 7.8 0.27
15 « D< 20, 5.C 8.7 0.50
P< 3300 kW
15 « D< 20, 5.C 9.8 0.50
P>3300 kW
20 <D< 25 5.C 9.8 0.50
25<«D<30 5.C 11.0 0.50

The above considerations are based on the factsthadard ships generate I-
localized emissions and require significan-board power generation capacity to co
the peak power requirements of their respectiv-board systems and auxiliaries wh
are usually idling when they are in the port. Irclsicase the large and power
propulsion and auxiliary motors operate even thotghship is moored alongside 1
pier producing harmful emissions for the environt@&ihe fact that in reality, only ve
little auxiliary power is required when the ship nsoored alongside a pier, offe
potential for application of other types of-board and onshore energy more suiti
for such kind of ship operational scenari

Taking into account above reasonsplication of electric energy as a main source
energy for the service as well as the propulsioadaefor the small passenger s
operated on the regular service routes that arigelinhin time to four one hour trips fro
the Vukovar homeport where clen for DANUBIUMBUS 15.
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3. DESIGN FEATURES
The General arrangement plan of the DANUBIUMBUSX shown in Figurel. The
arrangement is based upon a number of considesatimiuding operational requiremer
equipment maintainability and aesthetics ap. To maximize passenger contact with
environment the passenger salon is made from thssgbanel mounted on the alumini
frames. The design maximizes the s-surface on the passenger saloon roof where? of
solar cells are installed.
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Figure 1. General arrangement plf3]

Based on the dedicated pier equipped with elestrare connection the DANUBIUMBUS
can recharge the batteries utilizing onshore pomrgle it is moored alongside a pier betwe
the regular sailing routes.

The DANUBIUMBUS15 desigl is based on using standard components anthe-shelf
commercial single cell batteries, electric motimsgerters, battery chargers and other elect
equipment from a variety of supplie

To maximise energy efficiency of theaft special attention has been given to the w-
reduction of the ship construction as well as &lpssystems and equipment including
battery systems. For this reason the ship congirudtas been built from aluminium wi
catamaran configurationg-urther reduced emissions goal was achieved bgnmef low
resistance hull design with optimal L/B ratio, diste between the hulls and hull lir

Propulsion of the DANUBIUMBUSL15 is achieved by t80kW electric motors situated
each of the hulls achinery compartment. Two watertight bulkheads dgivhulls into thre:
compartments: fore peak, battery compartment anchimary compartment. Thslender hull
form with a fine forward entry is optimised generatdess water disturbances and wash / w
generation.
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The machinery compartments houses main propuldewntrie motors with permanent magn
inverter 96V DC / 220 V AC, propulsion shafting &m, bilge pump and hydraulic steer
system. For the drainage purposes each watertightpartment i equipped with an
independent electric bilge pump operated by lewdks.

The main ship service system is 24 volt DC suppligdour heavy duty batteries arrangec
wheelhouse on the main deck. The 24 volt DC sys$esupplied via a distribution pel fitted
with DC rated circuit breakers. The vessel is wifed AC shore supply and includes
100A/96V battery chargeThe main particulars of the boat are listed in €&t

Table 2. DANUBIUMBUS15 main characteristi

Length, over all 15,00 m
Length, waterline 12,25 m
Breadth 5,80 m
Draft 0,80 m
Depth 1,24
Material Aluminium
Passenger 60
Crew 2
Propulsion power 2 x 30 kW
Propulsion motors | 2 x TEMA SPM12
Propulsion battery 100 kWh / 96V
Speed, max 13 km/h

Electric powertrain batte systems are sufficient for ship consumers includivey propulsior
system while the ship is sailing with the speedmto 13 km/h for a maximum of two hou

For emergency purposét the energy requirements of the propulsion and #uxiliaries
exceeds the powertrain battery system capabilities variable speed die-generator will
automatically start and cover the dem: By the use of solar panel installed on the roofttog
DANUBIUMBUS15 can provide near zero emissions wik#ding on inland protected are

Considering the functional needs of the supersiracas a multipurpose space located in
centre of the city where touristic needs are bioagtope and contexte superstructure of tf
DANUBIUMBUS15 has been designed as a multifunctiomaterborne space equipped w
advanced audiwisual devices and lighting system suitable faious touristic applicatior.

Figure 2. 3-D Model of Danubiumbus1[3]
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4. EMISSION TO THE ENVIRONMENT
DANUBIUMBUS15 high power battery system capableopkrating the vessel and auxilit
equipment using electric power only, eliminate litieal emission of greenhouse gases ent
and reduce harmful emissions of the,, SQ, and CO and PNb the environment. This wi
reduce fuel consumption overall, but more impoijantduce greenhouse gases significa
compared to the standard diesel powertrain ¢
At standard diesel powertrain systen-20% load, which isypically used during manoeuvrit
in port, NQ, SQ, and CO are typically many times higher per unitugfi consumed than und
full load, while CQ emissions much more closely follow the direct amiafrfuel consumec
This is due to the combustion temature and pressure within the combustion chambéne
engine enabling the formation of these gases, rgaléduction of these by traditional mei
difficult.
Avoiding diesel machinery operation by using eiecénergy from the c-board batteries or
from the onshore electrical grid enable DANUBIUMBUSb5rastically reduce S, NO, and
other PM emissions from the ship as well as theratjng cost related to fuel and maintene
of internal onboard combustion engir
Furthermore, noise emissions frcthe diesel engine are also improved due to betiend
characteristics of the electric powertrain whildisg and exclusion of the noise while the s
is using electricity from the batteries or onshelextrical grid
The reductions of the noise anther emissions to the environment will vary withpeyof
application and operating profile of the ship. Bdiow profile operating ships with low spe
such as DANUBIUMBUS15 the savings can be signific

Depending on application/type of vessel, ancerating profile, theenvironmental and
economic characteristics of DANUBIUMBUS15 powentraharacteristics is expected that it
will allow following positive impacts

- Reduction of abt. 80% of air pollutic

- Reduction of abt. 25% of greenhouse, gasssions,

- Reduction of abt. 30% of fuel co:

- Simplicity of management and minimization of mairgace operatior

These values are related to those recordableiesalgropelled standard vessel with |
operating profile on short sailing rout

5. CONCLUSIONS

This paper bringhew thinkingand offer a new visioto the inland shipping industry by t
presentation of the DANIBIUMBUS15 which represerdfiractive commercially viabl
passenger ship that is beyond <«of-the-art.

Commercial diesebngines are heavy and working only part of thegraping time under hig
load. On commuter passenger ships significant gqoif operating time they are idling, wh
the ship is waiting to load or unload passengedsvérile the ship is manoeuvringslow speed
close to the port. In such scenarios the dieseéhengins very inefficiently and use of eleci
powertrain represents better solution for environtaleand economic characteristics of the ¢

Although the initial costs of an electric potrain and battery system exceeds that «
conventional combustion powertrain DANUBIUMBUS15shsignificant advantages of usi
the electric powertrain due to its operational secenwhich enable regular use of onsh
electricity for charging of the «board battery system.

Operational scenario enas them to use pieside electricity while it is at the port during 1
frequent stops between its regulnavigation routes. By this way SONO, and other PM
emissions from the ship are drastically redi as well as operating cost related to fuel
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maintenance cost. Additionally, due to lower enaigsiof nois, passenger comfort on elect
powertrain ships are significantly higher than onwentional combustion powertrain sh

Taking above considation into account it can be concluded that forc#jmetypes of inlanc
ships like passenger commuter and sightseeing €iigusric powertrains represents optit
solutions for new buildings as well as for retrirfigg solution on existing dies-propulsion and
combustion powertrain shij

The authors hope that the lessons learned fromptioject will allow shipbuilders and sl-
owners to develop and use all kinds of energytergropulsion of the ships and that electri
will be the key to succe in special types of inland navigation ships such
DANUBIUMBUS15.
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