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Abstract:

Theobjectiveofthisresearchistodevelopknowledgebyexaminingthecurrentstateof
affairsandprovide,accordingly,abstractimplementationguidelinesforgreen
transformationthroughvessel/ferryelectrification.

Acomprehensivestudyontheelectrificationofvessels,inindustryaswellasin
academia,isperformed.

A comparisonofvariouspureelectricandhybridvesselsintermsofcertain
performanceattributes,suchasbatterycapacity,passengerandcargocapacities,andsize
(length)ofthevessel,isperformed.

Moreover,thedistributionofvesselsaccordingtodifferentcountriesandmanufacturers
isprovided.

Finally,certaintechnical,operational,andlegislativechallengesareexplored.

KeyWords:energystoragesystems;electrification;electricferries;greenenergy;
maritimeindustry



Introduction
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 
ǘǊŀƴǎǇƻǊǘύΣ ǿƘƛŎƘ ŀŎŎƻǳƴǘǎ ŦƻǊ ƳƻǊŜ ǘƘŀƴ тл҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƧƻǳǊƴŜȅǎ 

Fossil fuels are used in most of the ferries and cause emissions such as 
CO2, SO2, 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 



European ferries and vessels do not have the required specifications to counter 
growing environmental concerns. 

Furthermore, there is an increasing trend towards the electrification of ships 
through a hybridization process 

Despite the great importance of ferry electrification, there are certain challenges 
preventing the successful implementation of this technology 

Ferry crews require training in order for them to be familiarized with the 
technical, operational, and safety issues of the new system 



State of the art:
The state-of-the-art to address the aforementioned technical, operational, 
legal, and human challenges has been reviewed and summarized in Table 



Limitations in the existing surveys
variousreviewarticlesthathavebeenrecentlypublishedondifferent
aspectsofanend-to-endgreentransformationsystem.

Theseaspectsincludeonboardelectricpropulsionsystems,micro-grids,
energystoragesystems,fuelcell-batteryhybrid/fullbatterypowered
ships,andzero-emissionships.Eventhoughthereviewarticlesonthese
aspectshaveprovidedgreatinsightsintermsofknowledgedevelopment
foradedicatedorparticularaspectofthesystem,theimplementationof
thesesystems(electrificationforgreentransformation)maygenerally
requireanabstractimplementationguidethatcanbrieflyprovidean
overview(end-to-endknowledge)ofthecompletesystem.



/ƻƴǘǊƛōǳǘƛƻƴǎ

Inordertoaddresstheidentifiedlimitations,thisarticlehasreviewed
thestate-of-the-artinferryelectrificationbyexaminingvariousaspects
ofdifferentavailablecommercialvessels(throughtheinternet).

systematicdatacollection,a comprehensiveanalysishasbeen
performedtoextracttheusefulinformation.Theextractedinformation
allowsustodepictvarioustrendssuchasthecountrywideelectrification
ofvessels,leadingcompanies,hybridizationversuspureelectricships,
size(length)andspeedofvessels,passengerandcarcarryingcapacities,
batterytypeandcapacity,andsoon.

Theknowledgedevelopedinthisarticleprovidesaholisticviewofthe
currentstateofaffairstoresearchersandpractitionersofthedomain.



An Eco-Friendly Hybrid Propulsion System 

Thepurposeofthissectionistoprovidefundamentalconceptsrelatedtothe
electrificationofferriesforgreentransformation.

chargingsystemattheportthatisusedtochargethebatteriesofthevessel
fromthegridduringdocking.

Severalrenewableenergysourceswhichinclude:(1)windenergy,(2)
photo-voltaic(PV)energy,(3)andenergyfromsurfacewaves.Theenergy
canbestoredinanESS(consistingofbatterybanks)whenthesupplyis
greaterthanthedemand.





Case example from the literature

24 m long ferry with a capacityof 48 passengersis provided,usingthe
data from casestudy, a fixed speedof 10 knots is usedin eachcase
(hybrid/pureelectric). The parameters(such as battery capacity,cost,
weight, charging requirements)may vary and will dependupon a
particularscenario/application. In either case(pure electric or hybrid),
thebatterydischargeis consideredto beup to 80% to ensurethebattery
life. In the first example,a full electric vesselthat is equippedwith a
500 kWh Lithium-ion (Li -ion) battery is considered. The vesselcan
travel up to 44 nauticalmiles (nm) on a singlecharge[32]. Hence,the
pureelectricvesselprovidesa goodsolutionfor greentransformation



Second examle

Inthesecondexample,ahybridvesselisconsideredwithamedium
sized300kWhLi-ionbatterythatcanbeusedtotravelupto27nautical
miles(nm)onasinglecharge.Furthermore,tocoveralargerdistance,
thesupportofgen-setisrequired.



wŜǎŜŀǊŎƘ aŜǘƘƻŘƻƭƻƎȅ
Mixed method approach

The research framework model in this article consists of three steps: (1) 
design research, (2) conduct research, (3) data analysis and conclusion.



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



Caseselection:Vesselssesearchfrom2008-2019,aimingforaholistic
visionofthevessel,parameters:shipname,country,company,year,power
train,typesofbatteryused,batterycapacity,passengersandcargo
information,speed,andsize,26vesselsand10casestudiesforR&D
purpose.Reasonfor26vesselsselection?

Datacollection:comprehensivereviewofpapers,reports,websites,and
onlinesurveys,andamixedmethodresearchapproach.Documentswere
collated,andtherelevantdataextractedinanMSExcelspreadsheetin
differentcolumns.Subsequently,thetargetparameterswerepresented
usingtables.Limitations?

Dataanalysis:Graphicalanalysis,Materialwasclustered,anddata
organizationandformattingaccordingtothecodingoftheframework.
Dataisdividedintothequalitativeandqualitativeasnumericandnon-
numericvalues.Dataisstatisticallyanalyzedinordertofindthetrends.



Results:
Data Extraction: Data from Websites of manufacturer



Research Case Studies

Last table provides the data, extracted directly from the websites of 
manufacturers, Below Table summarizes some important R&D projects.
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The battery capacityusedin pure electric vesselsis in the rangeof 50ï500
kWh, with a medianvalueof 140kWh, while, in hybrid ships,therangeis 500ï
5000kWh, with amedianof 1000kWh.

Fromtheanalysis,it is clearthathybrid technology(usedin 69% of thevessels)
hasan almost10 times larger batterycapacitycomparedto the pure electric
vessels.

Thepureelectricvessellengthis in the rangeof 21ï39 m, with a medianat 22
m, while thehybrid shiplengthsarein therangeof 40ï160m, with a medianof
84.5 m.

The differencebetweenlengthsis at leasttwice at minimum range,while this
differencein size becomesfour times at maximumvalues. Finally, the green
dottedline showsthetrendof batterycapacityin kWh for differentelectricand
hybrid vessels,and the red dotted line showsthe trend of vessellength for
variouselectricandhybridvessels.
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the passengercapacityof pureelectricvesselsis in the rangeof 75ï1250, with a
medianvalueof 200persons.

It is importantto notethat only someof the vessels(andnot all the vessels)can
alsocarryup to 240cars. On theotherhand,thehybrid vesselscantransport16ï
2000passengerswith a medianvalueof 150 personnel,but in addition they can
alsocarry23ï364carsdependingupontheir size.

The speedof pure electric vesselsis in the rangeof 7ï21 knots,with a median
value of 9.5 knots, while hybrid ships use 8ï30 knots with a medianvalue of
14.25knots.

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



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

Transportation, 
65%

Tourism, 23%

Other, 12%


