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THESIS TITLE & ABSTRACT

PhD Thesis’ Title: Optimizing the Maintenance Supply Chain of the Maritime Industry: Development of An
Innovative Scheduling Optimization and Cost Forecasting Mathematical Model supported by a Computer
Application for its Solution and Results Visualization

Abstract: Supply chain and logistics management for spare parts is of key importance in the maritime
industry, in order to ensure high availability and reliability of assets, while keeping operating costs in
acceptable levels. Supply chain and logistics operations for spare parts incorporate high complexity,
uncertainty and costs, due to special characteristics of the maritime sector, as for instance moving assets,
globally scattered points of supply and demand, strict time windows and multi-actor setting. Efficiently
handling such a logistics network constitutes a great challenge for any firm active in the industry,
nevertheless, this topic has received little attention in the literature.

This dissertation initially attempts to address this research gap by performing a systematic literature review
on spare parts supply chain and logistics management in the maritime sector. The selected studies are
illustrated and discussed in detail, and in this way, a thorough description of the current state of the art in
the subject area is achieved, identifying existing challenges and trends. An important finding of the
literature review is that surprisingly no studies or applications were found in the area of transportation
scheduling for maritime spare parts. Hence, this thesis focuses on this topic and attempts to address the
respective research gap, by describing the business problem in depth, providing a mathematical
formulation for it along with a solution approach, developing a respective computer application, and
evaluating its performance in the context of a case study, using real business data. In this regard, an
industry survey is carried out with the purpose of examining whether the stated problem is indeed industry
specific, as well as, with the purpose of pinpointing potential insights and variables to be used in the
problem formation later on. The survey respondent group consists of a panel of experts and industry
practitioners, working in the maritime business, in roles relevant to the maritime spare parts supply chain.

Based on the survey results and the observed business problem, a mathematical formulation of the
problem is proposed. More specifically, the observed business problem is formulated as a binary integer
optimization problem, using some elements of the task-coalition assignment problem. In addition, a
LightGBM forecasting model is also proposed, for calculating the cost matrix of the optimization problem.
On top of that, a computer application is developed, with the purpose of integrating and operationalizing
the proposed optimization model and cost forecasting model. More precisely, the application is created in
the environment of Dash Python, which allows the user to have an aggregated view of the spare parts
stored in each warehouse and the future port calls for a fleet of vessels. The application interface enables
the user to create scenarios for the shipments of spare parts and review the respective costs, along with
providing recommendations for the optimal delivery schedule. The proposed solution approach along with
the developed computer application are tested and evaluated in a real business environment, with the
form of a case study performed within a large ship management firm. The results of the case study
demonstrate the effectiveness and practicality of the proposed solution for spare parts supply chain and



logistics management in the maritime industry. Ultimately, this study aspires to provide a useful analysis
and tool for maritime companies and industry practitioners, along with inspiring more researchers to
perform studies on topics related to the maritime spare parts supply chain and respective applications.



TITAOZ KAI MEPINHWH AIAAKTOPIKHZ AIATPIBHZ

TitAog Abaktopikng AlatpBig: BeAtiotonoinon tng Edodlaotikng Ahucidag Zuvtnpnong otov KAado tng
Eumopikni¢  Nauthiag:  Avamrtuén  Kawvotdupou Mabnpatikot  Movtélou BeAtlotomnoinong
Xpovormpoypappotiopou kat Mpoyvwaong Kootoug, kat YAomoinon Edappoyng AoylopikoU yia tnv EniAuon
Kall TV Omtikomoinon Twv AMOTEAECHATWY TNG

NepiAnyn: H anotedeopatikn Stoxelpon tng epodlactikng aluoidag cuvtnpnong £xel Wolaitepn onpaocia
OTOV TOMEA TNG EUMOPLKAC VOUTIALAG, Tpokelpévou va efacdaliotel n Sabeopotnta, achdaiela Kol
aflomiotio Twv MAoiwv, SlaTNPWVTOC Ta AEITOUPYLKA KOOTN o amodekta enineda. H epodlactikr aluoida
VOUTIALOKWY  OVTOAAOKTIKWY EUTEPLEXEL UYPNAR ToAuTAokotnTa, afeBaldtnta Kat Kootn, AdGyw Twv
LOLUTEPWY XOPOKTNPLOTIKWY TOU VAUTIALOKOU TOUEQ, OTIWE YLO. TIAPASELYUO TA KIVOUEVA KEDAAALOUXLIKA
ayabad, ta maykooula onuela mpoodopdc Kal {ATtnong, Ta auotnpd kaboplopéva xpovomapdBbupa Kal n
mAnBwpa SLadoPETIKWV EUNMAEKOUEVWY LepwVY. H amotedeopatiki Sltaxeiplon evog tétolou Siktuou logistics
amnotelel pia peyaln mpokAnon yla kABe etalpeia mou Spactnplomoleital otov Topéd, MapoAa aUTA, TO
B£pa Sev €xel AaBelL emapkr) tpocoxr otn BBAoypadia.

H SlatpBr mpoomabel apykd va KaAUPel auto to BLBALOYpadLKO KEVO, TIPOUGCLAIOVTAG L0 CUCTNUATLKN
avaokonnon tg BiPAoypadiag oxeTikd pe tn Staxeipon g £podlaoTikng aluvcidag cuvtpnong otov
VAUTIALOKO TOHEA. OL OXETIKEG PEAETEC TTapouoLalovTal AETITOUEPWSG, TTAPEXOVTAS UL oodr) Tteplypadn TG
TPEXOUOOG KOTAOTAONS 0To BEpa, evtomilovtag UPLOTAUEVEG TIPOKANOELG KAl TACELS. Evol onUAVTIKO eUpnua
™¢ BBAloypadikig avaokomnong eivat ott 8e Bpébnkav peléteg 1 edapuUoyEG, OL OMOiEg va
TIPOYLLATEVOVTAL TOV XPOVOTIPOYPAUUOTIONSO HETOPOPAC KoL TNG TTAPAS00AC TWV aVIAAANAKTIKWY ota Thoia.
Etol, n mopouoa PEAETN EMIKEVIPWVETOL OTO TMPOPANUA TOU XPOVOTIPOYPOUUATIOHOU HeTadOopdg Kol
Tapadoonc VauTIALaKWY avTaAAOKTIKWY, poortabwvtag va koAU el To avtiotoyo BLBALoypadIkd Kevo.

210 mMAaiolo autd, MPAYUOTOTOLELTOL £PEUVA [IE EPWTNLOTOAOYLA [LE OKOTIO VA EEETAOEL KO VOl ETILREPRALWOEL
OTL TO TIPOBANUA TIPAYLATL TTapaTnPELTaL o TIOAAEG eTalpeiag TOU VauTIAlakoU kKAadou, kabBwg emiong kot
Yyl VO EVIOTILOTOUV TIOPAYOVIEG KoL METABANTEC TIOU OUMMETEXOUV OTO TPOPANUA Kol TIPETEL va
ocupnepiAndBolv otov OoYNUATIOMO Tou HoviéAou. OL epwtnBévieg NG £peuvag eival pia opdda
ETIOYYEALOTIWV TOU VAUTIALAKOU TOpEQ, £pyalOpeVOL 0 POAOUG OXETKOUG e TNV edpodlaoctikn aluoida
OVTOAAQKTLKWV.

AapBavovrag urmtdoPty Ta amoteAéopota TG Epeuvag, yivetal pio Aemtopepng eplypadr Tou TpoBARUaTog
OMW¢ OQUTO CUVOVTATOL OTO TEPLBAAAOV HLOG VOUTIALAKNG €Talpeiag. 2Tn OUVEXELA, TPOTEIVETAL LA
pabnuotik  Slotumwon  tou  MPOPANUOTOG  HE TR Hopdr  €vOg paBnpatikol  HOVIEAOU
XPOVOTIPOYPOUHUATIOHOU. ZUYKEKPLUEVA, TO TTIPOPBANUA SLATUTTWVETAL WG €va TPOBANUA Suadlkou aképalou
TipoypappatiopoU (Binary Integer Program), XpnGOULOTIOLWVTAG OTOLXELO TOU TIPOPBANLOTOC QVTLOTOIXLONG UE
ouadec (Task — Coalition Assignment Problem). AkOpa, mapouctdleTal n TPOYPAUOTIOTIKY SlaTtuwaen Tou
T(POTEWVOUEVOU poOnpatikol HovTéAou Kal n emiducr] tou os meptBaArlov Python. EmutAéov, mpoteivetal éva
pHovtélo mpoyvwong LightGBM, ywor TOv UMOAOYLOMO TOU Tivaka KOOTOUG TOU  TPOPAAUATOC
BeAtiotomoinong. EmumtAéov, ulomoleital sdappoyry AOYLOUIKOU TOU ETUTPEMEL TNV €MiAuon KoL TNV
OTITIKOTIOINON TWV TPOTELWVOUEVWY LOVIEAWV LE TPOTIO GIAIKO oToV Xpnotn. Mo ouykekpLuéva, n edapuoyn



Snuioupyeitatl os meptparlov Dash Python, To omoio €mITPEMEL OTOV XPHOTN VA EXEL L. CUYKEVTPWTLKNA
£1KOVA TWV OVTOAAOKTLKWVY TIOU UTIAPXOUV OE KABE amoBnkn Kal Twv ALLAVLWVY TIOU TIPOKELTOL va eMLoKedBOel
To mAoio. H edpapuoyr eMTPENEL GTOV XprOTN Vo SNULOUPYEL OEVAPLA VLA TIG ATTOOTOAECG AVTOAAQKTIKWY KOl
va e€etalel Ta avriotola KOotn, Kabwe emiong Kal vo AAUPAVEL TIPOTACELS Ylol TO BEATIOTO TIPOYPALA
napaddoswy, oUWV He To HOVIEAD TTPOPBAEYPNG KOOTOUG Kal To HoVTEAO BeATioTonoinong, tov mivaka
KOOTOUG Kal Toug 8Lddopout XPOoVIKOUC TIEPLOPLOMOUC. TENOC, TO MPOTELVOLEVO HOVTEAD Kal N avtiotolyn
edpapuoyn Aoylopikol afloAoyouvtal PECW PEAETNG TEPITTWONG, XPNOLLOTOLWVTAC TIPAYHOTIKA dedopéva,
oto TEPLBANOV PEYAANG VAUTIALOKAG eTalpelag. Ta anoteAéopata tng LEAETNG MEPIMTWONG untoypappilouvv
TNV OMOTEAECUOTIKOTNTO KAl TNV TPAKTIKOTNTA TNG TIPOTEWVOUEVNG AUong ywa tn Slaxeipon g
edpodlaotikng aAucibag aviaAAaKTIKWY OTOV VAUTIALOKO TOUEQL.

Juvoyilovtag, n SlatplPr eMISLWKEL Va TIAPEXEL LO. AETITOUEPN avAAucon Kal €va epyaleio umootnpLeng
anodpACEWY, yla TIG VOUTIALAKEG €TOLPEIEC KOl TOUC emayyeApotieg tou kAGdou, Kabwe emiong Kol va
evBoppUVEL TEPLOCOTEPOUG EPEUVNTEC va UeAetrioouv BEpata oxetkd pe tnv edpodlaoctikr aAuoida
QVTOAAQKTLKWYV KOl OVTLOTOLXEG EDOPLOYEG.



