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Abstract: The International Maritime Organization (IMO) istinducing increasingly strict controls in several
aspects of maritime transport with the aim of presg) the environment. Various technologies areposed and
applied that reduce the emission of greenhousesgd@ee of the approaches is the application of weaise
energy sources RES. However, RES are not equaiiypiufor all types of ships sailing in differeggographical
areas. The flow diagram in the process of makimgeision on the selection of the type of RES ipgwed. This
paper presents a model for selecting the mostisigifaES on vessels. Furthermore, the optimal soius selected
using Bayesian networks. All significant parametiia influence the selection of the optimal solutcan be
taken into account and are elaborated individually.
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Preliminary report

1. INTRODUCTION

The amount of energy consumed by the shipping tngliss increasing rapidly. Consequently, the negati
impact on the environment is also increasing. Aegally accepted trend is the introduction of rerges
According to (ssa et al. 2022 RES can be used for the production of greensfoeldirectly for propulsion.
Furthermore, RES can be applied as part of the maxdion of existing vessels or when designing wessels.
Regardless of the type of energy transition mettioasen, it should be technically feasible and endcally
acceptable. By conducting a technical-economic yaislof the implementation of carbon-neutral fuelis
assumed that it will generate 2-6 times higherscostmpared to the conventional drigtqlz et al. 202 As the
aforementioned analysis is extremely complex, the af computer simulation models is almost ineVéabhe
simulation model should be able to analyze varfparameters in order to obtain a comprehensive answthe
selection of the most suitable energy source.

In this paper, the use of Bayesian networks BNagppsed. The general structure of BN is extremlelilfle,
which is why it is often applied in different argdarcot et al. 2010 Due to their modular architecture, BNs are
increasingly used in environmental applicatioBsrgna et al. 202

In this paragraph, recent examples of the apptinaif BN in the maritime sector are listed. The hivoportant
area of application of Bayesian networks is ristlgsis related to maritime accidenEa( et al. 2020; Huanhuan
et al. 2023; Meizhi et al. 2020; Yu. et al. 2D2h the aforementioned works, risk factors affegthe safety of
the crew, ship, cargo and the environment werentaik® account. Observing the incidence of adversnts
throughout history, significant risks were idergi Furthermore, using BN-based models reliablysoudirately
predicts the possibility of an incident. The ob&airinformation is used by ship captains with time af increasing
the level of safety. In the papeBdyazit and Kaptan, 2023using BN, the probability of the occurrence af a
event that can cause environmental pollution waestigated. A model based on Bayesian networksappked
to analyze safety in the transport of electric ekds by RoPax ships.

2. BAYESIAN NETWORK

Thomas Bayes, a British statistician and philosophes the first to present a theorem on conditiona
probability. In his honor, this theorem is calledy®s' theorem. The theorem justifies a way of thigpkn which
it is stated that truthfulness theories are corgulrby new evidence. This is conditional probahilitye probability
that one assumption is true provided that the ofissumption is true. The main goal of Bayes' thaoieto
formalize information about how one event can lielpnderstanding another. The aim is to find thabpbility
of an earlier event, provided that it has occutater eventBarnett et al. 2006
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The Bayesian network is a graphical model basegrobability theory and represents a group of random
variables and their conditional dependence usiDgect Acyclic Graph DAG eapolitan 1989 A DAG consists
of a group of nodes that represent variables, vemitis represent a probabilistic random dependesteebn these
variables. Accidental dependence between individaahbles is expressed with the help of a strechodes,
which provides and supplies the qualitative pamaoidom reasoning in Bayesian Network (BN).

BN consists of three different types of nodes:

e coincidence node — variable nodes that have eméstdd towards the nodes called "children”
nodes, a nodes that have links starting from thesrcalled "parents” nodes,
» decision/solution node,
« utility/resource node.
Mathematically, Bayes' theorem can be expressdabédjollowing equationStuart and Ord 1994

P(B|A)P(A)

P(B) )

(A|B) =

whereA andB are events and(B)-0. P(A|B)is a conditional probability: the probability ofentA occurring
given thatB is true. It is also called the posterior probapitif A givenB, P(B|A)is also a conditional
probability: the probability of ever®8 occurring given thad is true. It can also be interpreted as the liloaih of
A given a fixedB becausé(B|A)=L(A|B) andP(A) andP(B) are the probabilities of observidgandB
respectively without any given conditions; they lanewn as the prior probability and marginal prabih

3. PROPOSED MODEL

To select the most suitable RES, a flowchart ippsed that takes into account various parametaits th
influence the decision. The decision-making proéestiown inFigure 1.
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Figure 1 Flowchart diagram of the process of selecting tlesinsuitable RES
The legal constraints are the starting point irfilv@chart of the proposed model. Namely, therenanagation

areas where carbon free zones are imposed, whiotntabe achieved through the use of renewables.dpplies
to special environment areas, for example natipagks, special protected areas, and city portthitncase, an
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economic analysis is carried out, and regardleshefconomic effect, the vessel must make thesitian to
renewables.

Furthermore, it is necessary to determine the itapoe of choosing a location that is defined byahergy
potential for a specific energy source. Dependim¢he area of exploitation of the ship, the avdlilgtof a certain
type of energy can differ significantly. For instan solar and wind energy are not available asémee intensity
in different geographical areas. The availabilityelectricity charging stations on land is relalwsmall, and the
application is only at local level. Therefore siriecessary to perform an analysis of the avaiabil each energy
source in relation to the planned operational afé¢he ship.

When conducting an economic analysis, it is necgdsdake into account for each type of RES thel forice
of the equipment per unit of installed power. Hoem\the price of the equipment is not the only peater that
needs to be considered. The total amount of engeggrated by the installed equipment depends oartbgy
potential hence in certain circumstances more eiperequipment will be more acceptable. There ezasaof
application where the return on investment in RES years for photovoltaic moduldduygraha et al. 2092Due
to the characteristics of the ship and the navigadirea, the economic profitability may not be acplished, thus
it is suggested to carry out a re-analysis in tredeeable future. This makes a lot of sense dtietoontinuous
increase in the efficiency of the equipment whilducing the price. In addition to the above, duthéoprice and
questionable availability of fossil fuels, the tséormation to renewable sources is becoming mock raare
acceptable.

The most important part of the model is the blomkenergy analysis, which considers all the pararsdhat
influence the selection of the most suitable RE&:HEship as a platform for the installation of RES its own
specifics and is more or less suitable for theaifegion of a certain type of RES. For examplehig svith smaller
dimensions is not suitable because it has a les#able space for installing photovoltaic modulkence the
installed system would not be able to generatgrifsiant level of energy. On the other hand, thpligation of
large wind turbines is not suitable on tourist ship

The energy needs of the ship depend on its sizzatipnal profile and sailing length. Based ondheve, the
size and type of source and storage of electratiuld be adapted to the operating conditions e&ttip. After
the energy analysis, the model assigns a coeffi¢i@rpercentage) of suitability for applicationdifferent types
of RES. In the case of choosing a specific RES,pbssible to observe the effects of implementatio

Different objective functions can also be definglbst often, the legal restriction to reduce harnefifiécts on
the environment is the driver for the applicatidrR&ES. However, with the advancement of technolagytain
solutions are economically more profitable compacetthe use of fossil fuels, which results in auettbn in fuel
consumption.

A model for selecting the most suitable RES base®M is proposed. There are various software smisti
that use BN. Part of the software is based on dva programming language, for example JavaBay®$C|B
UnBBayes, Banjo. BNFinder is written purely in Rythwhile bnlearn is part of the R package. In gagicular
case, the Netica program is used. Netica is a daly@asy-to-use, complete program for working wittlief
networks and influence diagrams. It has an intaeiimd smooth user interface for drawing the netsyaakd the
relationships between variables may be entereddigidual probabilities, in the form of equations, learned
from data files (Norsys - Netica Application).

Proposed model shown éiigure 2. enables the setting of initial conditions speciéi a certain geographical
area. Itis also possible to define the capadaitié¢ke ship as a platform for RES accommodatiore &irergy needs
of the ship should be taken into account in ordechoose a suitable energy source. In accordanitetie
mentioned feature, the model selects the mostldeienergy source. IRigure 2, the initial conditions do not
indicate the characteristics of individual typedR#ES.

In accordance with aforementiondelgure 2 actually presents a Netica model based on BN iiclwh is
possible to discern any outcome, suitable or Rot. example, if there is a large wind energy péagrthe model
will ultimately favor wind energy as RES, as shawirigure 3.

Input parameters of the observed model are Meanadimadiation, Wind energy potential, Chargingtisn
aviability, Platform installation capacities, Engngeeds, and RES price per kWh. After conductimmptential
analysis, energy and economic analysis, the slittafor use in defined conditions is determined &certain
RES. A significant advantage of using BN is that thodel can be used in the reverse direction ak e
instance, if we choose the EES system for the owt¢cdhe model will match the input parameters wiita
selection as shown rigure 4.

4. CONCLUSION

The advantage of using proposed model is thatk#stanto account various parameters that influghee
selection of the most suitable renewable sourcebeltunctional, the model needs to be adjustec¢doraance
with the specifics of the energy potential in riglato the geographical position and the navigagitea. Moreover,
it is necessary to analyze the possibility of acemdating a certain type of energy in accordanck thi¢ energy
needs of the ship. In future research, the moddtdoe expanded and significantly improved in sackiay as to
include the flow of the larger geographical araattirermore, ecologic and economic justification barused as
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an output variables of the model. The aforementoragiables took into account all aspects of tloppsed model

with the aim of obtaining an output as to whetlhertnodel is ecologically and economically viable.
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Figure 2 Bayesian network model created in Netica software
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Figure 3 BN model with simulated high wind potential
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Figure 4 Bayesian Network application in reverse directioregression
5. REFERENCES

Barnett, R. A., Ziegler, M. R., Byleen, K. E. (200&rimjenjena matematika za poslovanje, ekonomiju,
znanosti 0 zivom svijetu i humaniste znanosti. Zagreb.

Bayazit O., Kaptan M, (2023): Evaluation of thekrid pollution caused by ship operations througtvibie-
based fuzzy Bayesian network, Journal of Cleaner odurtion, Volume 382.
https://doi.org/10.1016/j.jclepro.2022.135386.

Fan S., Blanco-Davis E., Yang Z., Zhang J., Yan(2020): Incorporation of human factors into margim
accident analysis using a data-driven Bayesian ari&twReliability Engineering & System Safety, Volarg03.
https://doi.org/10.1016/j.ress.2020.107070

Huanhuan L., Xujie R., Zaili Y. (2023): Data-driv&ayesian network for risk analysis of global nmaré&
accidents,Reliability Engineering & System Safetyliyme 230,202%ttps://doi.org/10.1016/j.ress.2022.108938.

Issa, M.; llinca, A.; Martini, F. (2022): Ship Emgr Efficiency and Maritime Sector Initiatives to dRee
Carbon Emissions. Energies 15, 7H@ps://doi.org/10.3390/en15217910

Marcot B., Penman T. (2019): Advances in Bayesia@twark modelling: Integration of modelling
technologies, Environmental Modelling & Software, oli¥me 111, Pages 386-393.
https://doi.org/10.1016/j.envsoft.2018.09.016.

Meizhi Jiang, Jing Lu, Zaili Yang & Jing Li (202QRisk analysis of maritime accidents along the mairte
of the Maritime Silk Road: a Bayesian network apmig Maritime Policy & Management, 47:6. 815-832.
DOI: 10.1080/03088839.2020.1730010

Neapolitan, R. E. (1989): Probabilic Reasoning xpétt Systems: Theory and Algorithms. A Wiley-
Interscience Publication. John Wiley & Sons, Itew York.

Norsys - Netica Application. Available online: hétwww.norsys.com/netica.html Accesed March 02320

Serena H. Chen, Carmel A. Pollino, (2012): Gooctfira in Bayesian network modelling, Environmental
Modelling & Software, Volume 37, Pages 134-1A8ps://doi.org/10.1016/j.envsoft.2012.03.012

Stephenson, T.A. (2000): An introduction to Bagasnetwork theory and usage. No. REP_WORK. Idiap,
2000.

Stolz, B., Held, M., Georges, G. et al. (2022): Arem-economic analysis of renewable fuels for shigrsying
bulk cargo in Europe. Nat Energy 7, 203—2it?ps://doi.org/10.1038/s41560-021-00957-9

Stuart, A.; Ord, K. (1994): Kendall's Advanced Theof Statistics: Volume | — Distribution Theorygd®&ard
Arnold,

37



Pesa et al. A model falscting the most suitable renewable...

Technical-economical assessment of solar PV systenssnall-scale fishing vessels. International daliof
Power Electronics and Drive Systems 13.2 (2022011

Yu Q., Teixeira A., Liu K., Rong H., Guedes Soaeg2021): An integrated dynamic ship risk modeddzh
on Bayesian Networks and Evidential Reasoning, dRiiiy Engineering & System Safety, Volume 216.
https://doi.org/10.1016/j.ress.2021.107993

38





