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|l nt roducti on

The transportation of commodities (consumer goods) Is important, and
almost 80 percent of this transportation Is carried out using vessels (ships

The maritime industry has an impact on climate change, especially near
coastal areas

Europe has approximately 900 ferries (including freight and passenger
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Fossil fuels are used In most of the ferries and cause emissions such as
C0O2, S0O2, and NOX. These emissions have a direct effect on human
health when the ferry is berthed

The above explanation urged the international marine organization (IMO)
to Implement certain emission regulations
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State of the art:

The stateof-the-art to address the aforementioned technical, operational,
legal, and human challenges has been reviewed and summarized in Tabl

Table 1. Classification of review surveys on various aspects of green transformation.

S. No. Category Reference Years
1 Electric propulsion [18,20] 2020
2 Micro-grids [19,24] 2019
3 Energy storage [21,23] 2018, 2020
1 Fuel cell-battery hybrid/full battery powered ships [22,25] 2020
5 Zero-emission ships [26,27] 2019, 2020




Limitations In the existing surveys
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An Eco-Friendly Hybrid Propulsion System
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Figure 1. An eco-friendly hybrid propulsion system.



Case example from the literature

24 m long ferry with a capacityof 48 passengers provided,usingthe
datafrom casestudy, a fixed speedof 10 knotsis usedin eachcase
(hybrid/pureelectric) The parametergsuch as battery capacity, cost,
weight, charging requirements)may vary and will dependupon a
particularscenario/applicatianin either case(pure electric or hybrid),
the batterydischargas consideredo be up to 80% to ensurehe battery
life. In the first example,a full electric vesselthatis equippedwith a
500 kWh Lithium-ion (Li-ion) batteryis considered The vesselcan
travel up to 44 nauticalmiles (nm) on a single charge[32]. Hence,the
pureelectricvessebrovidesa goodsolutionfor greentransformation
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Process Research framework
Design Research | = Prepare with background investigation
research objective | * Design research process framework
Conduct Literature | * Identify comprehensive cases from resources on the web
research review * Examine and extract data from case resources

* Visualize qualitative and quantitative data presentation (*)
* Categorized by country & company wise electrification of ships (¥)
. Analyze data . . . . . *
Data analysis and * Categorized by electric & hybrid vessels, battery capacity, vessel size (length) (*)
& conclusion . * Categorized by power train, passengers / cargo carrying capacities & speed (*)
draw conclusions .
* Identify current states of energy storage systems (¥*)
* Identify key issues in green transformations (*)

A 4

Potential outcomes (*)




Conduct Research

These three steps are: (1) search keywords, (2) case selection, and (3) data collection.

green shipping, on-shore power supply, electric propulsion, energy storage systems, electrification, electric
ferries, green energy, vessel, battery technology, power train, passenger capacity, size, speed, purpose

Search keywords

Case selection

Data collection

Commercial manufacturers

|

Research & publications

l

l

More than 1000 results

More than 100 results

_______________ 1

More than 100 results

Filter 2. Available targeted particular

26 commercial vessels

10 case studies

information: ship name, country,

Excel sheet

power train, battery capacity and
type, year, company, passengers and
cars capacity, speed and size
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Results:

Data Extraction: Data from Websites of manufacturer

Table 2. Vessel study for battery technology towards electrification.

Power Battery Speed
Ref. No. Name Country Train (KWh) Battery Type  Year Company Passengers  Cars (knots) Length (m)
[40] FSC Alsterwasser Germany Hybrid 200 Lead-Gel 2008 Zemships 100 - 8 25
[41] Nemo H2 Nether-lands Hybrid 70 - 2009 Govt. and Industry 87 - 9 22
[42] Viking Lady Norway Hybrid 500 Li-ion 2009 Eidesvik 25 - 15.5 92
[46] MV Hallaig Scotland Hybrid 700 Li-ion 2012 CalMac Ferries Ltd 150 23 9 43
[47] MV Lochinvar Scotland Hybrid 700 Li-ion 2013 CalMac Ferries Ltd 150 23 9 43
[49] Prinsesse Denmark Hybrid 1600 Li-ion 2013 Scandlines 1140 364 18.5 142
Benedikte
[50] Prins Richard Denmark Hybrid 1600 Li-ion 2014 Scandlines 1140 364 18.5 142
[51] M/F Deutschland Germany Hybrid 1600 Li-polymer 2014 Scandlines 1200 364 18.5 142
[52] M/S Sjovagen Sweden Electric 500 Li-ion 2014 Ballerina 150 - 8.5 245
[53] Movitz Sweden Electric 120 NiMH 2014 Echandia Marine 100 - 9 22.8
[54] MV Ampere Norway Electric 1000 Li-ion 2015 Norled 360 - 10 79
. . L. Inland Offshore
[55] MV Island Clipper Norway Hybrid 875 Li-ion 2015 Management AS 56 - 15 97
[61] BB Green Nether-lands ~ Hybrid 200 Li-ion 2015 ~ Partly funded by an 100 - 30 22
EU dev. project
[45] Vlsi:‘;zr‘;ifhe Norway Hybrid 600 Li-ion 2016 The Fjords 399 - 195 40
[48] MYV Catriona Scotland Hybrid 700 Li-ion 2016 CalMac Ferries Ltd 150 23 9 43
[56] OV Bokfjord Denmark Hybrid 850 Li-ion 2016  Hvide Sande Shipyard 16 - 13.5 44
[62] Aditya India Electric 50 Li-ion 2016 ~ [KeralaState Water 75 - 7.5 21
Transport Dept.
[33] MF Tycho Brahe Denmark Electric 4100 Li-ion 2017 Scandlines 1250 240 14.5 111
[34] Elektra Finland Hybrid 1000 Li-ion 2017 Finferries 375 90 11 98
[57] Viking Princess Norway Hybrid 511 Li-ion 2017 Eidesvik 28 - 11.4 90
[58] Zhongtiandianyun China Electric 2400 Li-ion 2017 ~ Guangzhou Shipyard - - 7 70
001 International
[44] F ““I;.‘;frg_fg the Norway  Electric 1800 Li-ion 2018 The Fjords 400 . 16 43
[59] Enhydra USA Hybrid 160 Li-ion 2018 Red & White Fleet 600 - 13 39
[43] Ellen Denmark Electric 4300 Li-ion 2019 EU H2020 200 - 21 60
[60] MV Waterman UsA Hybrid 80 Li-ion 2019 Al AmericaMarine, 150 - 15 21
[63] MS Color Hybrid Norway Hybrid 5000 Li-ion 2019 Color Line 2000 - 17 160




Research Case Studies

Last table provides the data, extracted directly from the websites of
manufacturers, Below Table summarizes some important R&D projects.

Table 3. Case studies through research and publications.
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[66]  Glutra Ferry = Norway  Hybrid - - 2002 R&D - 100 12 948
[64] Boat Italy Electric  226.8 Li-ion 2011 Ré&D - - 6 -
[72]  Alsterwasser Germany  Hybrid 200 Lead-Gel 2014 R&D 100 200 8 25
: 500,
[32] lypical Italy ~ Hybrid 300,  Liion 2015 R&D 48 - 13 24
Shuttle 160
[67]  Hybrid ship China Hybrid - LiFePO4 2016 R&D - - - 333
[68]  Alsterwasser Germany  Hybrid 200 Lead-Gel 2016 R&D 100 - 8 25
[69]  Alsterwasser Germany  Hybrid 200 Lead-Gel 2016 R&D 100 - 8 25
[71]  M/SSmyril  Denmark Hybrid 300 Li-ion 20106 R&D 976 - 21 123
[65] BowenFerry  Australia Hybrid 13.7 - 2018 R&D - 30 7 35
(7] ~ Skeena Canada  Hybrid 360 - 2019 R&D 600 - 14 110

Queen




Number of ship
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The battery capacityusedin pure electric vesselsis in the rangeof 50/ 500
kKWh, with a medianvalueof 140kWh, while, in hybrid ships,therangeis 500
5000kWh, with a medianof 1000kwh.

Fromtheanalysisjt is clearthathybrid technology(usedin 69% of thevessels)
has an almost 10 times larger battery capacitycomparedto the pure electric
vessels

Thepureelectricvessellengthis in therangeof 21i 39 m, with a medianat 22
m, while the hybrid shiplengthsarein therangeof 40i 160 m, with a medianof
84.5 m.

The differencebetweenlengthsis at leasttwice at minimum range,while this
differencein size becomedour times at maximumvalues Finally, the green
dottedline showsthe trend of batterycapacityin kWh for differentelectricand
hybrid vessels,and the red dotted line showsthe trend of vessellength for
variouselectricandhybrid vessels
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the passengecapacityof pureelectricvesselss in therangeof 75 1250 with a
medianvalueof 200 persons

It IS Importantto notethat only someof the vesselgandnot all the vessels)an
alsocarryup to 240 cars On the otherhand,the hybrid vesselscantransportl 6
2000 passengerwith a medianvalue of 150 personnelput in additionthey can
alsocarry23i 364 carsdependingipontheir size

The speedof pure electricvesselss in the rangeof 71 21 knots, with a median
value of 9.5 knots, while hybrid shipsuse 8/ 30 knots with a medianvalue of
14.25 knots

From the analysis,it can be seenthat the speedof hybrid vesselsis almost1.5
timesgreaterthanthatof pureelectricvessels



Classification fourthree categories: (1) Transportation, (2) Tourism, and (3)
Other.

Other 12%

Tourism 23%

Transportation
65%



