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Abstract

Maritime transport is considered the most significant transport mode in world trade maritime

trade has risen in recent years, which leads to economic growth. However, at the same time, it causes
severe environmental effects that jeopardize the ecosystem and human health. The adverse impacts
of the maritime supply chain (MarSC) aret timited to greenhouse gas (GHG) emissions and air
pollution. Stillthey include other significant issues suclspseadingnvasive species via ballast water,

oil spilk, chemical and waste management, cargo handling, safety and security at the partiae
pollution.

The sustainability of this sector is a challenging issue for the stakeholders involved in this industry.
Several aspects are indispensable to enhancing the sustainability of MarSC, grouped as economic,
social, and environmental elements this thesis, some of the main significant issues in containerized
maritime shipping are addressed economically, in which the main objective is to improve the
sustainability of MarSC under environmental and social regulations. This Ph.D. coverstdiffere
segments and stages of the MarSC, including hinterland transport, seawaters, maritime shipping, and
port and terminal operations to improve the sustainability of the MarSC at regional, national, and
global levels.

The main objective of this Ph.D. is poovide the economic assessment of the most selected and
promising technologies and methodologies to overcome the negative impacts of the marine shipping
and port industry and bridge some of the available shortcomings. Besides, it will enhance the
sustaindility of maritime shipping in terms of economic, environmental, and social perspectives
concerning the current international conventions and legislation. The overarching research question
is: What is the economic impact of sustainability issues on magishipping in various trade routes
FNBY RATFTFSNBYy(d adlF{1SK2f RSNEQ aidl yRLRAYyGAK

This Ph.D. thesis is based on an application approach, and each one is researched in an independent
chapter in which several methodologies are applied to fulfill the objectivelsragpond to the key
research question. Four main application studies are as follows: economic impact of the installment
of Same Risk Area (SRA) under the Ballast Water Management Convention (BWMC), economic
evaluation of alternative technologies to mitigasulfur emissions, enhancing the supervision of
containerized cargo from an economic perspective and supply chain analysis in terms of dry and reefer
cargo.

The Chain Cost Model (CCM) is the primary model, and it calculates the generalized cost pex TEU i
loop. Then, a novel typology of vessel types is developed based on yearly BW consumption and
previousvessels' call portThe applied methodology is the cost and benefit calculation of the ships
based on the obtained typology leading to the total nenbfit of installing the SRA. Next, a unique
scanning cost approach is established to assess the scanning costs based on various scanning rates
and locations.

This Ph.D. supports the governments and petiegision makers by providing the costs and besefit

of selected cases of addressing the sustainability of MarSC. Moreover, the outcomes are beneficial for
a large group of maritime stakeholdergcluding port authorities, terminal operators, customs
brokers, shipping companies, shippers, and academia.
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Abstract in Dutch

Zeevervoer wordt beschouwd als de belangrijkste vervoerswijze in de wereldhandel en de maritieme
handel is de afgelopen jaren toegenomen, wat leidt tot economische groei. Tegelijkertijd veroorzaakt
het echter ernstige milieueffecten dibet ecosysteem en de menselijke gezondheid in gevaar
brengen. De nadelige effecten van de maritieme toeleveringsketen (MarSC) zijn niet beperkt tot de
uitstoot van broeikasgassen en luchtvervuiling, maar omvatten andere belangrijke problemen zoals
de verspeiding van invasieve soorten via ballastwater, olielozingen, chemicalién en afvalbeheer,
vrachtafhandeling, veiligheid en beveiliging in de havens en geluidsoverlast.

De duurzaamheid van deze sector is een uitdagend vraagstuk voor de stakeholdersalkikdremijn

bij deze sector. Verschillende aspecten zijn onmisbaar om de duurzaamheid van MarSC te vergroten,
gegroepeerd als economische, sociale en ecologische elementen. In dit proefschrift worden enkele
van de belangrijkste belangrijke problemen in @éeantaineriseerde zeevaart economisch aangepakt,
waarbij het belangrijkste doel is om de duurzaamheid van MarSC onder+ailisociale regelgeving

te verbeteren. Dit doctoraat bestrijkt verschillende segmenten en stadia van de MarSC, waaronder
vervoer va het achterland, zeewater, zeescheepvaart en hawem terminalactiviteiten om de
duurzaamheid van de MarSC op regionaal, nationaal en mondiaal niveau te verbeteren.

Het hoofddoel van deze Ph.D. is om de economische beoordeling te geven van de meestapsiel

en veelbelovende technologieén en methodologieén om de negatieve effecten van de zeescheepvaart
en havenindustrie te overwinnen en enkele van de beschikbare tekortkomingen te overbruggen.
Bovendien zal het de duurzaamheid van de zeescheepvaaygtoten in termen van economische,
ecologische en sociale perspectieven met betrekking tot de huidige internationale verdragen en
wetgeving. De overkoepelende onderzoeksvraag is: Wat is de economische impact van
duurzaamheidsvraagstukken op de zeescheepvaar verschillende handelsroutes vanuit het
standpunt van verschillende stakeholders?

Dit doctoraat thesis is gebaseerd op een toepassingsbenadering, en elk ervan wordt onderzocht in een
onafhankelijk hoofdstuk waarin verschillende methodologieén worderegépast om de
doelstellingen te bereiken en om de belangrijkste onderzoeksvraag te beantwoorden. Vier belangrijke
toepassingsstudies zijn als volgt: economische impact van de installatie van Same Risk Area (SRA)
onder de Ballast Water Management Conventi@WMC), economische evaluatie van alternatieve
technologieén om zwavelemissies te verminderen, verbetering van het toezicht op containerlading
vanuit een economisch perspectief en supply ckamalyse in termen van droge en reeferlading.

Het Chain Cost Miel (CCM) is het primaire model en berekent de gegeneraliseerde kosten per TEU

in een lus. Vervolgens wordt een nieuwe typologie van scheepstypen ontwikkeld op basis van het
jaarlijkse BWverbruik en eerdere aanloophavens van schepen. De toegepaste mekhisdle kosten

en batenberekening van de schepen op basis van de verkregen typologie die leidt tot het totale

nettovoordeel van het installeren van de SRA. Vervolgens wordt een unieke scankostenbenadering
vastgesteld om de scankosten te beoordelen opidaan verschillende scansnelheden en locaties.

Dit doctoraat ondersteunt de regeringen en beleidsmakers door de kosten en baten te verstrekken
van geselecteerde gevallen van het aanpakken vanulezdamheid van MarSC. Bovendien zijn de
resultaten gunstig voor een grote groep maritieme belanghebbenden, waaronder havenautoriteiten,
terminaloperators, douanexpediteurs, rederijen, verladers en de academische wereld.
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Chapter 1lintroduction

Maritime transport is considered thmost significabtransport mode in world trade. However, the
sustainability of this sector is a challenging issue for the stakeholders involved indihédry and
specifically for port authorities and shipping compni Several aspects aiadispensableto
enhancing the sustainability of the maritime supply ch@itarSC)grouped as economic, social, and
environmental elementslt involves costs and benefits of innovative technologiesl]ast water
treatment, air polution reduction, considering alternative fuels rather th&teavy Fuel O{HFO),
greenhouse gas (GHG) emissiamsyritime safety and security, illicit trafficking through the ports,
skilled employees for future trergljob satisfaction rateand the adaptability of these technologies
to the existing ships.

It is observed that maritime shipping and trade have risen in recent yedish leads to economic
growth. However, at the same time, it causssvere environmentaéffects that jeopardizehe
ecosystem and human healthheadverseémpacts of MarSC are not limited @HGemissiors andair
pollution, but they include othesignificantissues suclasthe spread of invasive specigfa ballast
water, oil spill, chemical and waste managemeatr,gohandling, séety and security at the portaind
noise pollutionto mention a few.

In this thesis, some of the main significant issues in containerized maritime shipping are addressed
economically in which the main objective is to improve the sustility of MarSCunder
environmental and social regulations.

This chaptedefinesMarSC, stakeholdsiinvolved in the industryand sustainability of MarSé&long
with its dimensions namely economic, environmental and socidesides, theSustainable
Development Goals (SDGs) are defined and discussed with their ties with this Ph.DAthesthe
trends in the MarSC's sustainability are explained basetthi®international Association of Ports and
Harbors (IAPH) projectB) addition,the adverse effects of marine shipping on the environment and
the most substantial regulations and legislations to overcome them are addreSabdequently, to
provide a general overview difie thesis, the main research questions and a brief explanatiadheof
applied methodology of each chapter are argued.

1.1. Maritime supply chain (MarSC)

Maritime shipping is considered an essential and indispensable element of facilitating global trade
through connecting producers, manufacturers, and consunf@isek, Akyuz, & Celik, 2019; Lam,
2015; Parthibaraj, Subramanian, Palaniappan, & Lai, 2018; Ren & Litzen, 2017; Zheng, Hu, & Dai,
2013) which ensures the continuous growth of seaborne trgdang, Wang, & Li, 2018)d plays a

critical role in providing loveost, environmerdriendly and efficient transportation as well as in
connecting global economy and driving economic prospégtigm, 2011; Lun, Lai, Wong, & Cheng,
2013; Yang et al., 2013)he maritime transporhetwork is built based on vessel characteristics, ports

of call, and vessel movemen(siu, Tian, Huang, & Yang, 2018).



Lam (2011)lefinestheMarSCL y G KS O2y (i SE( 2 the dorhatidd sarigsdiaLtidited LILIA Y =
of shipping services which acencerned with planning, coordinating, and controlling containerized

cargoes from the point of origin to the point of destinafioéiming to add value to the goods
transported(Lam, 201%

DNBSYy &ddzllX & OKIFAY YIFylI3aSySyid chvisies RS Bdsihiate | a |
environmental concerns into supply chain management to improve the environmental performance
of suppliers and custome(8owen, Cousins, Lamming, & Faruk, 20Gt¢en shipping refers to the
environmentally friendly commercial angon-commercial seafaring activitiggdasmi & Fernando,
2018)to manage and monitor all harmful substances emitted from sklipset al. 2005)including
reducing emissions and marine pollution resulting from decreasing the negative impacts to the
environment (Jasmi & Fernando, 20L8ompliance for energgaving shipping equipment design,
shipping equipment reuse, recycling, and recovery of waste, and reduction of environmental damages
are green shipping practices for shipping firfingng Lai, Wong, Velisin, & Cheng, 20130ne of the

critical drivers for shipping firms to adopt green operations is performance, which comprises economic
and environmental dimension®enus Lun, Lai, Wong, & Cheng, 2015

1.2. Stakeholders in thlarSC

MarSdncludes various stakeholders and several operations and stageMars€process is plotted
in Figurel.l.
Figure 11: MarSQprocess

pick Hub- Ground Customs Port Ocean Port Customs Ground Hub- Deli
TR handling handling clearance handling freight handling clearance handling handling eavery,
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{ 2dzNOSY ! dzii K2 NE& Q Ve@rsival Biinisa, antl Zoyher (20@B)SIMARTMD1.2.1 (2009); Davydenko et al.
2014; Garg and Kashav 2019

In the freight forwardhg stage, the stakeholders are exporters, cargo packing companies, shipping
lines, freight forwarders, gents, inland port companies, warehousing companies, éypically
responsible for the first and the last mile of the supply chain. In the Customs stage, Customs are
responsible for providing the customs clearance of the containers and cargo.

Porthandlingo©2 y i I AYSNE A& OF NNRAR SR 2 dzthe fauyth stageSshippgly A y | £
lines are the carriers for carrying the containers through oceans. Also, some stakeholders at seaports

are stevedoring companies, bunkering companies, dredging, towage, and pilotage service companies
(Garg & Kashav, 2019 he $ructure of MarSGnembersisdefined and categorized by several scholars

and plotted in Tabld..1.



Table 11: MarSCstakeholders

Stakeholders Definition

Shipper Known as freight owner or consignor seeking for transportatibr
its goods closer to the users of goods

Carrier Including operator and shipping line (international and dome:
operations) and airlines carrier

Shipowner Seeking business goals such as return on ship investment witl
role of selling or charterinthe capacity

Terminal operator Including maritime port, inland port system, freight terminal, a

inland container depot

Carrier intermediaries Including shipping agents, air cargo agents,-doffk depot
operators, nonvessel operating common carriershipbrokers,
and inlandports

Cargo intermediaries Including freight forwarders, customs agents, multimoc
transport operators, warehouse operators (bonded and
bonded), private warehouses (bonded and HAoonded),
international procurement centersand regional distribution
centers

Inland water transport Including barges, tugand riverine vessels

Rail transport services Railway operation system for transporting cargo

Road transport service: Road haulers  (conventional trucking, container tri
transportation, and bonded truck)
Ancillary services Providers including cargo handlers or stevedoring compar
packaging service providers, cargo consolidatarsl equipment
maintenance and material handling suppliers
Integrated logistics Including thirdparty logistics providers (3 PLs) and lead logis
service proiders providers (LLPsdften called fourthparty logistics providers (4PL
{2dzNOSY ! dzi K2 NBRQ O2 YL antldi2d1B;\Schvdrtaesdk 22y WIF aYA YR CSNYy

In containerizedshipment, shippers, liners, port, terminal operators, and inland transport providers
are primarymembers(Lam and van de Voorde 20Jitt)which shippers, shipping lines, and ports are
in the chain are vertically linked by custorrrpplier relationshipgLan, 2011).

1.3. Sustainability iMarSC

Sustainable supply chain management is predetermined as the strategic integration of economic,
environmental, and social goals for the improvement of the economic performance of an organization
(Carter and Rogers 28; C.C. Cheng et al. 2014; Acciaro 2015; Mani et al. 2016; P. T. W. Lee et al.
2019),and in operational and managerial procesgi€sn & Chiang, 2014%ustainability assessment
requires the simultaneous balancing of the economic performances, enviromineffects, and social
impacts in policy, decisions, and general management of any organizational fui@hiemg, Farahani,

Lai, & Sarkis, 2015; Psaratftis, 2016; Ren & Litzen,.2017)

JiménezGonzale& Woodley (2010yonsider the dimensions of sustainkty through a triple bottom

line assessment that covers economic, environmental, and social aspects (A). The relation between
economic and social dimensions is called sefiiziency (B), while the relation between economic

and environment is known age-efficiency (C) and the relation between social and environment is
eco-social balance (D).



Figure 12: Sustainability dimensions of MarSC
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Lam& van deVoorde (2011}uggest that customer focus is a significant attribute contributing to a
MarS@Qa G2aGFt @FfdzS YR fSIFIRA AKALIWAY3A O2YLI yASa
competitivenessBansal and DesJardine (20tharacterize the corporate stainability (CS) concept

as the integration of three domains of society, environment, and economy in theidonmgand aiming

at strengthening links between them through improving water use and energy efficiency, reducing

GHG emissions, reducing or zavaste, increasing resilience to climate change, minimizing impacts

to biodiversity and natural resources, enhancing human capital and capability, and achieving greater
social inclusion.

Interestingly Cheng et al. (201%lefine the sustainabldarSQ a tegrtihg/maritime organizational

units (ports, shipping companies, etc.) along a supply chain and coordinating materials (container,

bulk, and general cargoes), information, and financial flows to (a) fulfill customer demands to improve

the competitivenes of the supply chain as a whole to make profit subject to compliance with
NBIdzA FGA2ya G2 O2yGNRBE o000 a20ALft YR 000 Sy@ANE
covers the dimensions @) economic (profit), (ii) environmental (the plaf)eand(iii) social (people).

1.3.1.Economic sustainability

I ddzaldlAylroftS SO2y2Y@& Aa RSTAYSR la |y SoO2y2ye
ASYSNY GA2Y 6AGK2dzi O2YLINBYAaAAY3 (GKS | ofChengie 27F 1
et al. 2013) A sustainable supply chain has to be economically viable and, in particular, possess the
capability to increase profitabilitPagell and Wu, 2008upply chain optimization maximizes product

values with minimum raw materials, invemyg and production cds (Buyukozkan and Berkol, 2011).

For aMarSC Lamé& van de Voorde (2011)oted that the goal is to synchronize the processes and

partners togenerate maximum profits=rom the economic aspect of sustainability, price competition

is the main decisive factor in the maritime indusifyamet al. 2013). The challenge to attain a

sustainable economy is to pursue economic growth while ensuring environmental protéCtiemg

et al. 2013).



1.3.2.Environmental sustainability

In contrast b the economic aspect, the environmental dimension of sustainability is widely addressed
in the literature, combining both social and economic perspectives and mainly concerning ships and
port equipment(Lee et al., 2019 The sustainability issues for tkbipping and port sector are related

to green ports and shipping, carbon emission, climate change, and repémific environmental
regulation and managemer(Shin et al. 2018}-urthermore, mitigation of other emissions such as
nitrogen oxides (N@, sulfur oxides $Q) emissions, ballast water treatment, etc., play essential

role in improving the MarSC. As only economic performance is insufficient fetdongsustainability,
environmental sustainability has become a popular topic among academitsndnstries in the
MarSC(Lee and Lam, 201Z2Reducing C£emissions is an essential issue for the container shipping
industry in achieving its environmental sustainabi{® & Song, 2012).

1.3.3Social sustainability

Asgari, Hassani, Jones, and Ng(B@&L5)define the social issues in the supply chain as product or
processrelated aspects of operations that affect human safety, welfare, and community
development. Social sustainability addresses how social issues can be managed to ensure the
organizaton's longterm survival(Mani et al. 2016)For shipping companies, the rationales of being
socially responsible include improving employees' job satisfaction, customer loyalty, relationships
with partners, community, and authorities, and financipérformance (Fafaliou, Lekakou, &
Theotokas, 2006 Furthermore, a socially responsible shipping company focuses on integrating
economic, social, and environmental concerns and balancing between the need for operational
efficiency, shareholder value, anttention to the interests of norfinancial stakeholder@Parviainen,
Lehikoinen, Kuikka, & Haapasaari, 2017; Poulovassilis & Meidanis). 3aiteal sustainability is
essential in decisiemaking processgé.ee et al., 2019; Wagner, 2Q1Both environmenal and social
responsibilities in the shipping industry are motivated by the need to comply with existing and possible
future regulations(Acciaro 2012; Parviainen et al. 2017).

1.3.3.1.Corporate Social Responsib(®sR)

In maritime transport, CSBi RSTFAYSR a4 GiKS AydSaNIGAz2y 2F &420
0dzaAySaa 2LISNIGA2ya 2F AKALILAY I FANY@MWilaRs G KS A
et al. 2006;Pawlik et al. 2012Poulovassilis and Meidanis Z)IParviainen et kb 2017;Yuen et al.

2018. CSR activities include, for example, social reporting, prompt response to supplier complaints,
LINA2NRGATFGA2Y 2F SyLX2e8SaqQ KSIfGK yR &l fSides
products and servicg$afaliou et al. 20065takeholder involvement is a central CSR activity in which
commercial stakeholders such as customers, suppliers, etc., are essential. Also, collaboration with
non-financial stakeholders such as trade unions, local community ordamiga etc, should be
consideredPoulovassilis & Meidanis, 2019



1.4. Maritime pollution and legislations

Transport activities are responsible for several adverse external effegsset al. 20123mong which
ships are emitting a range of gasieem their operations at sea and in port areas. The emissions
produced by navigation result from the combustion of fuel in internal combustion en¢@ieang et

al. 2014)and due to the energy used by shimgines- mainly HFQ; (Doudnikoff & Lacoste, 2014
Pettit, Wells, Haider, & Abouarghoub, 2Q1éhich aregreenhouse gas (GH@arbon dioxide (CA),
volatile organic compounds (VOC), N8D,, particulate matter (PNl CQ is the most significant GHG
released by ships which is the main reason for global warming. Acid rain is causedag SIQ,
both highly undesirable due to their effects on human heéBbrra & Fancello, 2020).

Theadver® environmental effects of MatSnot only include air pollution bather types of marine
pollutions consist ofballast water dischargenoise pollution;safety and security at the ports;
hazardous substances; oil pollutiodust; residues; garbagegnti-fouling coatings; collisions, dn
physical disturbancéCorbett et al. 2009; EEA, 2009; Caric, 2016; Psaraftis, 2016; P. T. W. Lee et al.
2019)which result in poor air qualitand negatively impacting on the health of local communities
(Walker, 201% There are different public and private regulators in tarSCat local, nationgland
international levelssuch as port authorities, local governments, European Urdad international
organizations such as IM@hich are involvedn adjustingrelevant legislation to mitigate these
detrimental effects The regulations are not limited to maritime shipping qQmgveringport activities

and hinterland transportation.

1.5. Sustainable Development Goals (SDGSs)

Next to these International legislationSDG are scheduleds thegreat sustainability improvement

plan worldwide. SDGsare a comprehensive agenda thstimulateseconomic, environmental, and
social sustainability. In 2015, the United Nations (UN) released the document entitled "Transforming
our world: the 2030 agenda for sustainable development, in whiclsDGslong with 169 targets
were announced\Wang et al. 220).

By definition,"the 17 SDGsand their targets seek to realize the human rights of all and to achieve
gender equality. They are integrated and indivisible and balance the three dimensions of sustainable
development: the economic, social, and envinental. They explore to build on the Millennium
Development Goals and complete what they did not achi@weited Nations, 2015%)

L For further info regading the objectives and definition of each SDG, réaited Nations (2015).
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1.5.1.Sustainabilityrends in MarSC

ThelAPHnitiated a World Ports Sustainability Program (WPSP) in May 2017. The program, guided by
the UN's 17 Sustainable Development Goals, aims to improve and organize future port sustainability
efforts worldwide anddevelop international cooperation with suppthain partners. WPSFcieated
alongwith five themes: i) resilient infrastructure; ii) climate and energy; iii) community outreach and
port-city dialogue; iv) safety and securignd v) governance and ethics. Tabl@ gives data on the
interest areaand the number of port projects per category.

Table 12: WPSP aspects and projects

WPSP theme Main focus areas 2018 2019 Total

Anticipating, both physically and digitall
the demands of maritime transport an

_Resment landside logistics, IT assisted optimization 7 31 38
infrastructure - . . (21%)
port operations IT assisted optimization a
the supply chain
. Initiatives to reduce GHG emissions frc
Climate and . . - 43
ships and increas the efficieny of port 15 28
energy . (24%)
operations
Initiatives dealing with environmenta
Community externalities such as air and water pollutio
outreach and noise, waste, initiatives addressing socie 24 44 68
port-city needs and demand®.g, recreation, green (38%)
dialogue spaces, education, culture, heritagend
local economy
Safety and Health and safety emergency prep_aredne
' and response, port area securityand 3 8 11 (6%)
security .
cybersecurity
Governance  CSRnitiatives, sustainability policy, plannin 8 11 19
and ethics and reporting (11%)
Total 57 122 179

TheTable shows that the number of projects filed in all categories has increased significantly. In total,
179 port projects have been submitted in whittte community and porcity category received the
most significahattention by addressing roughly twfifths of all projectsclimate and energy are next,
followed by resilient infrastructureThe number of projects focusing ogovernance ethics,safety,
andsecurityis lower.

With 72 entries, European port projects are the most wefiresented geographically, followed by
Asia (32), America (22), Oceania (15), and Africa (1). Some ports have several projects submitted, while
others collaborate on initiativeimvolving multiple ports from other continents.



1.6. ObjectivesResearch QuestionandMethodology applied

Even thouglshipping is widely known for its overall environmentally friendly performance compared
to road and air transport, it remains characterized by several undesirable environmental impacts
(Serra & Fancello, 2020MarSC sustainability is a broad topand dfferent stakeholdersand
regulatory agencieare involvedn mitigatinga largenumber of environmental and social thredts
human health andhe ecosystemhowever,according to theEU Maritime Transport (2021), the five

top environmental impad derived from maritime shipping are greenhouse gas emissions, air
pollution, underwater noise, nemdigenous specieand oil pollutionIn this Ph.Qair pollution §Q)
andthe spread ofion-native species are addressed frameconomic perspective based on available
environmental regulations derived from IMO.

Moreover, the MarSC sustainability's main gagr® realized based on the conducted comprehensive
literature review Tablel.3 plots these issueand the current regulatorsand suggess solutiors for
each obstaclepplied in thisdoctoralthesis

Table 13: Problems, regulationgnd suggested solutionzer Ph.D. chapter

Existing gap and External The poposed slution for fillingthe gap
environmental impact powers  and
regulators
BWM and its exceptions hav Marine The costbenefit analysis of possibl
mainly been discussed fron Environmental exemptions of the BWM, the possiity of
an ecological perspective Protection setting up a secalled Same Risk Area (SF
Committee (Chapter 4)
(MEPC)

Less attention has been pai International An eonomic evaluation of three
to the impacts of green Convention for alternative technologiesi.e, MDO, LNG
practices  and emissiol the Prevention and Scrubber systemboth from ship

regulation on the shippers of Pollution owner and cargo owner perspectives fi
from Ships two maritime trade routes AsiaEU and
(MARPOL) the USEU (Chapter 5)

The increase in illici Belgium Assessment of the feasibility of enhancil

trafficking in Europeaports  Customs ¢ the supervision of the maritime containe
Stroomplai supply chain  from an economi
(2017) perspective for the port of Antwerp b
developing a new cost calculation mod

(Chapter 6)
Supply chain analysis fc Shipping line Port and supply chain analysis f
containerized dry and reefe and shipper transporting containerized reefer and dr
cargo cargo on the maritime round trade rout
from West Africa to Europe (Chapter 7)

Thus, éur main applications are investigated in this thehist is linked to MarSC sustainabilitt¢ach
chapterincludes a combination of two or all three dimensions of the sustainabilityeoMarSChat
arealso relatedo the UN SDGs

2Theplan is designed to bring together public and private actors to deal with the issue in an integrated and
integral way(Easton 2020, Sys & Vanelslander 2020).
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Table 14: Relationship of sustainability aspects and SDGs with each chapter of Ph.D.

Sustainabilityaspect Economic Environmental Social (people)  Sustainable

(profit) (planet) Development
Goals
Chapter
Chapter 4 (Ballast wate
and SRA installation V V Y SDG 12
SDG 14

Chapter 5 (Alternative

technologies to mitigate Y Y \Y, SDG 9
sulfur emissions)

Chapter 6 (Enhancin

the  supervision of \% - \% SDG 16
containerized cargo)

Chapter 7 (Supply chai

analysis in terms of dn \% \% - SDG 9
andreefer cargo)

Maritime economics is the primary sustainability dimension investigated in all the chaptehsthe
environmental regulations and social issues are the main drivers of this Ph.D. In other therds,
planet and people are thextraneougpowers for the economic assessment of sustainability practices
The common line between four application studies can be classified into three primary groups:

MarSCrelated:

This Ph.D. covers different segments and stages ofMaeSC including hinterland transport,
seawaters, maritime shippin@nd portand terminaloperatiors to improve the sustainability of the
MarSC at regional, nationand global level Notably,chapter four is about the shippinganspat
within neighboring cantries,ports, and coastal areag/hile chaptesfive and six investigate the deep
sea and intercontinental maritime shipping and port operations from Bagt and the US tBurope
Also, chapter seven considers the whole supply chain from an origin ipo/frica to a European
destination by considering ocean shipping and terminal operaiayure 13 plots a general overview
of the ties of Ph.D. chapters with the MarSC segments and main actors in each chapter.

Sustainalhity-related:

The economicithension is the primary aspect assessed in each chapter as the thesis targets maritime
economics. In addition, environmental and social aspects are considered indirectly in some chapters
based on the determined purposes. This Ph.D. acknowledges the emeintal regulations and social
perspectives as the complementary and external levers to fulfill the economic assessment.
Particularly, chapters four and five address all three aspects of sustainability, ndneely
environmental, economi@nd social dimerisns. While chapter six encompasses economic and social
perspectivesthe economic and environmental dimensions are considered in chapter seven.



SDGrelated:

All the SDGs can laffective in maritime shipping anid the port industry; however, those with the
ambitions of reduction of pollution and waste, growth of trained and skilled employees, protection of
marine and coastal ecosystems, and adaption of green technologies are more related to the purposes

of this dbctoral thesis. Therefore, this Ph.D. pertains to foutical UN SDGs, namely:

{5D o® Aa &iSpfioh Yot @eanlaadd eHVironmentathpund technologies to upgrade
AYFNF a0§NHzOG dzNBE | yR NB i NP T A (and adbiestad inNheBsifiveiagdd Y I 1 S
seven.

SDG 12 is related tichievng the environmental management of chemicals and all wastes and
YAYAYAT Ay3 GKSANI F ROSNES A YLI Crvestigatetl inkhamxdr fgur. K S | £ { K

{ 5D wmn LJprotécindmérine anéoaskal ecosystendandis considered in chapter four.

{ 5D wmc fedudnibick fiméncial and arms flows and combat all forms of organized &ifle
consideredn chapter six.

The main objective of this Ph.D. is to provide the economic assessment of theselested and
promising technologies and methodologies to overcome the negative impacts afahiaeshipping

and port industryand bridge the availablghortcomings Besidesit will enhance the sustainability of
maritime shipping in terms of economic, environmental, and social perspectives concerning the
current International Conventions and legislations and by considering the possible opportunities.

The main overarching resrch question is:
Whatis theeconomic impact cdustainabilityissuen maritime shippingin varioustrade routes from
RATFSNBYG aidl {SK2f RSNEQ aildlyRLRAYy(GaK

To respondto this primary research question and to obtain the objective of this Ph.D., seudral
research questions are addresswdich are investigated through chapters four until sevEnis Ph.D.
thesis is based on an application approach, eamchapplication study is researched in an independent
chapter.

Although the vessel owners and shiggp are the main stakeholders considered in this PhHe.,
perspectiva of other actors arewidely investigated who are theproblem owners of subesearch
guestions andare also themain beneficiapartiesof the outcomes of each application study.
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Figure 13: The common line of Ph.D. chapters with different segments of MarSC and the actors involved in
each chapter
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The thesis isrganized into eight chapterand ®veral ports are investigated throughout thesearch;
however, Port of Antwerp is regarded e primary applicatiorin this Ph.D. as it plays an essential
role in the data collection and calculation proceEke following sections illustrate each application
briefly by addressing each chapter's@dtive, research questions, and applied methodologies
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1.6.1. Chapter ££conomigmpact analysis of installing &RAinder the Ballast Water
Management ConventiofBWMC)

Regarding shipping amdaritimetransport, the research done in chapter 4 is related to increasing the
sustainability of the MarSC from environmental and economic perspectives by studying the
implementation of theBWM Convention for all ship8allast Water affects the marine environmnten

and causes ecological, economic, and human health probBynsansferring the sediments, harmful
organisms, and invasive species to a new area, next to adverse impacts on local biodiversity and
extinction of existing native species (Sensorex, 202&Jetis a high risk of detrimental consequences

on human health (Takahashi et al. 2008). Chemical exposure from BWMS is a potential threat for the
ship's crew, port state inspectors, and the general public.-Biccupational exposure scenarios also
includethe consumption of seafood from ballast water discharge areas (Werschkun et al. 2014).

The BWM and its exceptions have been approached mainly from an ecological perspective in the
literature. Thus, it is vital to look at the convention from an economispective. To do so, chapter

four concentrates on the economic analysis of possible exemptions of the BWM, in particular the
possibility of setting up a scalled SRA.

The methodology of this chapter can be applied extensively around the wasldn apptiation study
in chapterfour, the economic effe of establishing an SRA within Belgium and the Netherlanels
analyzed.

In chapter four two main research questions are addressed in detail.

- What is the cost and benefit of installing an SRA betwegghboring countries, Belgium and
the Netherlands, from vessel owners' standpoint?

- Which criteria should be investigated &®lectingSRA in terms of vessel types?

To estimate the ballast water discharge volume for different types of vessels, a hevatlite review

is performed together with requesting the required data from the authorities of all the ports involved
in the research, namely port of Antwerp, Port of Zeebrugge, Port of Oostende, Port of Rotterdam and
Zeeland Seaports. Consequently, thaluation of the economic impacts and the total net benefit of
installing an SRA is obtained.

In this chapter, the data collection method is desk research and inquiring the data from the authorities
of the ports included in the study. Themnovel typolgy of vessel typethat can be considered in the
SRAis developed based on yearly BW consumption and previous port of call of vesselapflied
methodology ighe cost and benefit calculatioaf the ships based on th@btainedtypologyleading

to the total net benefit of installing the SRA.
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1.6.2. Chapter 5Economic evaluation of alternative technologies to mitigate sulfur emissions
in maritime container transport from both the vessel owner and shipper perspective

SQisharmful to human healthgausing respiratory symptoms and lung disease. They can lead to acid
rain, harming crops, forests, aquasipeciesand ocean acidificatioiMO, 2020c, UNCTAD 2020).

Due to tte increasing attention concerning the emission reduction legislations of maritime shipping,
chapter five assesseshe economic impact of alternative fuels/technologies to comply with the
regulations on maritime shippirgnd especiallyn the currentECAsboth from ship owner and cargo
owner perspectivedor two maritime trade routes AsigU and the UEU respectivelyThe main
objective of this chapter is to evaluate economically three promising alternative technglagies
Marine Diesel Oil (MDObjquefed Natural Gas (LNG), and Scrubber systemmitigate the sulfur
emissions in existing ECA zones caused by maritime shifiagollowing research questions are
addressed in this chapter:

- What arethe maritime costs for the selected alternative opidrom a vessel owner's point
of view?

- What is the effect of these technologies on the generalized chain cost, hence from $shippers
standpoint?

In this chapter, the data of the input parameters are obtained by the desk research based on literature

review and online searching. Consequently, thastingChain Cost Modg|[CCM)is adjusted and
updated to achieve the goals of this chapter.
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1.6.3.Chapter 6The feasibility and potential of enhancing the supervision of maritime
container supply chain from an economic perspective

Ensuring the safety and security of maritime shipping and minimizing the risks and the potential losses
is anissue of great importancéChang et al. 2034In 2016, approximately 70 tonnes of cocaine were
seized in European porfgEuropean Monitoring Centre for Drugs and Drug Addiction, 2018).

Regarding the sustainability of ports in tMarSC the fulfilled researchin chaptersixis to increase

the securityof the supply chain at the podf Antwerpby enhancing the supervision of import cargo
which aims at reducing illicit trafficking and leads to improvement and enhancement ettremic

and social aspets of the MarSC The import and transit of narcotics via the port of Antwerp are
increasing, as are the associatedcial problems in and around the citfEaston2020 Sys and
Vanelslander 2020).

In this research, the cost and benefitmaximizing thescanningof containerized cargo at therminal
andport levekhave been assesseand the possibility of it without hampering the logistics chain has
beenevaluated.The following research questions are addressed in this chapter:

- What s the total cosbf scanning the containers for the actors involved under various scanning
rates at the terminal level?

- How will the total supply chaincost change under the increasing scanning rate $ome
specific maritime routeto Europe?

For this research, as the scopetbé study is comprehensive and includdiferent sectors of the
maritime chain, several intervievege conducted to gather the data with relevastakeholders in the
MarSCsuch as shippers, shipping companies, freighivéwders, trucking companies, terminal
operators, customs agents, etc.

In the second stage, a new caslculationmodel is developedo evaluatethe total scanning cost
experienced by stakeholdetsider varying scanning rate scenaribast but not leastthe updated
version of theCCMis employed tacomputethe generalized chain cost.
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1.6.4.Chapter 7Supply chain analysis and economic assessment of the transportation of dry
and reefer cargo in the WestfricaEurope trade route

Port selection criteria have been under attention by academia in the last decade and have a vital role
in the MarSC. This issue confirms tkia¢ effect of port choice analysis should not be negledted
improve the sustainability of MarSI.addition the port selection process becomes more challenging
and sensitive if the markes forperishable goods such as fruits and vegetables.
Chaptersevenidentifies and analyzeshe bestport of callamong threeAntwerp, Rotterdam, and
Flushing portdor transportingcontainerized reefer and dryargoon the maritime traderoute from

West Africa to Europe. Furthemore, total marine cost (vessel ownersperspectivgé and the
generalized chain cost (shipperperspective) are evaluated for several pefined origin
destinations for theWest AfricaEurope route and based on tlfeon}ransshipmentcargo types and

the combination of different (un)loading ports in Europe, the UK, and other regions namely Baltic,
Northern part of the Norttsea, and Ireland.

Thereare two main research questions of chapsaven

- Which port among three Weg&turopean portd.e.,, Antwerp, Rotterdam, and Flushing the
best option to be called at in the WesfricaEurope route in terms of (un)loading cargo rate
and the lowest maritime cost and supply chain cost?

- (onsidering more ports of call in the European leg of the chain to maximizegkel's loading
capacity, what would be the economic impact analysis on both vessel tsvaad cargo
owners costs?

In this chapter, the data of import/export container flow volumes for the ports in the \Wdata
Europe chain argatheredby the desk research based onlioe searching. Thereupon, to estimate
the total maritime cost and the generalized chain cost, an updated version @@ @idis utilized to
attain the purposes of this chapter.
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1.7.Structure of the thesis

In this Ph.D., several methodologies will be applied to fulfill the objectives and respond to each
chapter's research questionsifter the introduction (problem statement) in each chaptea
comprehensive literature review is carried out to figure out the state of the art of the content. In the
next step, the data collection approach is illustrated to obtain the required data and input parameters
relevant to the research questions of thkapters.

The CCMs the primary modeland it calculates the generalized cost per TEU by considering the
hinterland, port operation and maritime shipping costs in a loop. The model requires origin
destination pairs in both hinterlands in the ledgencea complete loop is defined. The main input
parameters are the size of the hinterland area, a determined container, Exagb a container vessel.
However, CCM is confronted with some limitations, such apptiesonly to containerized ships and
does not spport other types ofvesses, and is mainly established to calculate the supply chain cost
with some possibility to evaluatie total maritime cost.

In this PhD, CCM is mainly used to achieve the objectives and respmotid: subresearch questions
in chapters five and seven. However, for chapters four and six, as the purposes are beyond the scope
of the CCM, two new methods are established to reply to thereskearch questions.

In chapter four, as the objective is to assess the economic impact giasible establishment ain
SRA by providing the cost and benefit estimation based on a developed typology of vessel types, it is
needed to use a different methodology to flllthe goal.

Moreover, in chapter six, a new model is developed to resporttie¢dirst subresearch question by
consideringy I y& O2aid O2YLRySyida |yR I RRNBaaTahed5 RAFFSN
plots different applied methodologies based @ach chapter's relevant objectives and research
guestions

Table 15: The structure of chapters four until sevanterms of the methodology applied

Chapter3 Theapplied methodology

Chapter 4 Development of typology classification and cbsnefit calculation
Chapter 5 An update othe existingCCM

Chapter 6 An update othe existingCCM

Development of scanning coapproach
Chapter 7 An update othe existingCCM

Chapter 2 illustrates the maritime shipping trendsdathe literature review ofthe despn and
framework of MarSC sustainability. Moreove@qrt industry andport sustainabilityare discussed
explicitly with the definitions of sustainable and green ports.

Chapter 3 explainthe primaryapplied methodology in this Ph,Bhe CCMvan Hassel et al. (2016a)
developed the model which calculaték total maritime cost (vessel owner cost) and the generalized
chain cost (cargo owner cost) by the possibility of the breakdown otltfaegeinto the hinterland
maritime and port sections. This chapter describes the concept of the model in detail with a general
overview of the input parameter and data collection references of the model.
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Chapters 4 and 5 cover all three aspectdair SCsustairability, i.e., environmental, economicand
social dimensions. Chapter 4 depicts tI8RAassessment under Ballast Water convention
management between Belgium and the Netherlands. Chapteppliesan economic evaluation of
alternative technologies to mitage sulfur emissions in maritime container transport frothe
perspective of the vessel owner and shipper

Chapter 6 includes the economic and social perspectives of MarSC sustainability. This chapter assesses
the feasibility and potential of enhancing tkapervision of the maritime container supply chain from
an economimutlook for the port of Antwerp.

Economic and environmental dimensions of MarSC sustainability are considered in chapter 7. This
chapterevaluates theeffect of port choice on the totaharitime cost and the supply chain cost.

Finally, chapter 8 explicates the conclusions of ttesis Additionally,this chapterinterprets the
obtained lessonsmplications on different stakeholderfaced limitations, and future research of this
Ph.D.
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Chapter 2Literature Review

2.1. Introduction

This chapter performs a literature review of the sustainabilitylafSGind investigates the economic,
environmental, and social aspects of the maritime shipping and port indubtrgxplains the
significance of maritime shipping and the main points of maritime trade for different types of cargo.
This chapter analyzes numerous case studies worldwide and is spread over several countiigsfrom
Asia to North America. The objec# of this paper are threefold. Filgtdefining a sustainable and
green MarS@argetsmarine shipping and port industry processes and stakeholders. Second, to have
a comprehensive overview of the extant research and available technologies and meastines on
sustainability dimensions dflarSCand third, to figure out thditerature gapin maritime shippingAs

a consequence of this chapter, it is clear which subjects have captivated the interest of academics and
industry and which fields still need to leeplored further.

The methodology of accomplishing the ambitions of this paper includes three stagesfitstta@ge,
various academiarticles book chapters, and conference proceedings were selected in which the
journal papers were collected throbigscience Direct and Scopus asldaglingdatabases of scientific
research in the period between 2000 to 2020. The applied keywords were as follows: sustainable
MarSC socialMarSC sustainable shippingnaritime transport and logistics industry; enviroarmntal
sustainability of maritime shipping; green shipping; economic sustainability of maritime shipping
sustainable port port selection criteria ballast water management conventiprballast water
treatment system ballast water exemption, and same riskeg dry andreefer cargoin marine
shipping supply chain costlternative fuels, and technologies in tharSG Emission Control Area
(ECAs)environmental regulations ithe maritime industry emission reduction measurgsafety and
security in the naritime sector, andresilience in MarSC.

Then, in the second stage and after scanning the abstract and keywords of the papers, 262 papers
were selected and reviewed attentively and precisely with the focus on the objectives, methodology
applied, previousstudies, and obtained results and conclusion. In the third stage, the snowballing
technique isusedin which the reference list of all the peesviewed papers is investigated to detect
supplementary articles on the subject.

The reviewed papers are catetiged into several classes based on the common keywandsthe
objectivesof the content.Figure 2.1plots the classification of the literature review throughout the
entire thesis.
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Figure 21: Various categories of reviewgapers
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Framework) practices resilience reefer transport
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The analyzed papers are classified into six groups based on the keywords and objectives of each
chapter of the Ph.D. thesi$his chapter will explain only the literature review of the first and second
blocks: Mar€ and sustainability (Design & Framework) and port sustainability isShepterfour
discusseghe reviewedliterature of the BWMG regulations, and exemptionsvhile chapterfive
represents the green shipping initiatives and research to mitigate maritime pollution and emission.
Maritime risk assessment and safety and security challenges in MarSC are described insikapter
Besides, the papers about the port choice criteria, sygblain cost, and inland and reefer transport

are demonstrated in chapteseven

Maritime shipping has attractetthe scholars' attention more since 2010 as 229 papex® published
from 2010 to 2020 compared to only 33 in thest decade of the 21st ceaty. It shows the growing
interest and importance of the topic scademic research.

Several reasons can justify this issue. Firstly, there is a dramatic growth in handling cargo in maritime
shipping. For example, handling containerized cargo has inatesigaificantly in the last decade
worldwide, starting from 543 million TEUs in 2010, reaching 811 million TEUs of containers in 2019.

Secondly, although this remarkable rise leads to economic growth in the industry, it causes several
detrimental environmental and social impacts such as air and noise pollution, cargo operations,
chemical, and waste management, oil spills, collisionsatete. Consequently, several domestic and
international regulatory organizations set new legislations or ratified the existing laws to mitigate
these adverse consequences on the ecosystem, habitats, and human health, such as International
Maritime Organiation (IMO) and Sustainable Development Goals set by United Nations in 2015.

Relevant stakeholders such as shipping lines, vessel oyenaigort authorities took the initiative to
employ green technologies and sustainability practices in complianceawvdhable regulations in
which ports publishechnical and statisticakports covering sustainability aspects and improvements

in their supply chain process to improve the reputation and to better the competitiveness with other
ports. Also, many researets developed studies and methodgles in measuring the caused
environmental pollutions of maritime shipping globally and evaluating the effectiveness of the applied
green practices in the marine and port industry.

All these issues reveal the significance of sustainabiliigeoMarSC for all the involved stakeholders
and result in a significant number ptiblishedjournal and conference papers, books, reports, and
web pagearticles.
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Figure 22: Number of reviewed papers based on the published year
Time period of reviewed papers
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The findings of thishapterare relevant for all actors in thlarSC The results provide an expanded
road map that can be used to advance the sustainability of M@eSCand will be the bais for
empirical work.

This chapter is organized in the following way. In section 2.2frédrels in maritime shipping are
reported. Section 2.3 explains the environmental regulations to curb the negative impacts of marine
shipping, port, and terminal opations, while section 2. presents the design and framework of
MarSC sustainability. Sectiorb2ddresses port sustainability and narrate the definition of green ports
and extant research on port sustainability issues, and the last section, se@jounes theprimary
outcomes and conclusions of the conducted literature review in this doctoral thesis.

2.2. Maritime shipping trends

Global container demand grew at 6.4% in 2QWRNCTAP2018). Furthermore,containerized cargo
remained relatively the most dynamic segment of seaborne trade, rising 4.3% in 2018. Yet, its
expansion slowed from 6.4% in 20{@UNCTAD2019) Meanwhile, dry bulk commodities trade
increased by 4%, up from 1.7% in 2016. Crude oihstrips rose by 2.4%, down from 4% in 2016,
while, together, refined petroleum products and gas increased by an estimated 319 A[2019)

In 2019, 811 million TEUs of containers were handled in container ports worldwide, reflecting an
additional 16 milbn TEUs over 2018. World container port throughput grew by 2% between 2018 and
2019(UNCTAD, 2020Figure2.3draws the container throughput worldwide since 2010.
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Figure 23: Throughput of the container ports in theond
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In 2019, nearly 65% of global pantainer cargo handling was concentrated in Asia (the share of
China alone exceeded 50%). Europe ranked second in terms of containrbapdiing volumes. Other
regions in descending order are North America (7.7%), Ratierica and the Caribbean (6.5%), Africa
(4%), and Oceania (1.6%)NCTAD, 2020)

International maritime trade growth slowed in 2019, hitting its lowest level since the CUI®
global financial crisigMaritime trade volumes expanded by 0.5%, down fr@8% in 2018, and
reached a total of 11.08 billion tons in 2009NCTARR2020).

Figure 24: Goods loaded worldwide

Goods loaded from all over the world

Billions of Tons
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SourceAuthor's composition based on
https://stats.unctad.org/handbook/MaritimeTransport/WorldSeaborneTrade

Dry cargo continued to accaufor over twothirds of totalmaritime trade volumeswhile liquid bulk
commodities,including crude oilkefined petroleum products, gaand chemicals,@ourted for the
remaining share. 18019, growth in all m&et segments decelerated. Tradedry cargo expandest
1.1% over 2018, an@dnker trade volumes contracted byd
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Figure 25: World seaborne trade by cargo typ870¢ 20183
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In 2019, 55% of recorded port calls worldwide were passenger ships, followed by tankers and other
wet bulk carriers (12%), container ships (1,1&)d general cargo break bulk ships (1QENCTAD,
2020.

However, the COVID 19 crisis led to fewer port calls for most vessel types during the first half of 2020.
Regarding the container ship port calls, the number of arrivals started to fall beloM@@48 about
mid-March 2020 and began to recover gradually about the third week of June. Byuméj the
average number of container vessels arriving weekly at ports worldwide had sunk to 8,722, an 8.5%
yearon-year drop. Since then, the average weekljlscatarted to recover, rising to 9,265 in early
August 202GUNCTAD, 2020).

2.3.Environmental regulations the MarSC

Relevant regulations have been considered under the auspices tfitheincluding a set of technical
and operational measures to reduce emissions from international shigpiNGCTAP2011; UNCTAD
2012).International maritime policies and regulations are mainly set by the United Natid@sand
enter into force by natiorstates (Parviainen et al. 2017).

Several initiatives have been carried out regarding safety and pollution in the shipping industry,
namely the International Convention for the Safety of Life at Sea (SOLAS), MARPOL for the
International Convention for th@revention of Pollution From Ships (in which MARPOL 73/78 is an
environmental convention to prevent marine water quality pollution and marine air pollution that
may occur because of shiflsee & Nam, 20J)7and the Convention on the International Regulason

for Preventing Collisions at Sea (COLRE&nternational Safety Management Code (ISM Code), the
International Ship and Port Facility Security (ISPS Code), the Standards of Training, Certification and
Watch keeping for Seafarers (STCW), Customs aamdk TRartnership against Terrorism-TEAT),

3 Major dry bulks are iron ore, grain, and coal
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customs inspections in international ports (Container Security Initi@ti@sl), the Convention on Qil
Pollution Preparedness, Response ando@eration regarding Hazardous and Noxious Substances
(OPREHNS), theAnti fouling Systems (AFS) Convention,BMéM Convention, and the Ship Recycling
Convention are key regulations aiming at raising environmentally and socially responsible behavior of
companies in théendustry(IMO, 2010, IMO, 2012; Barnes and Olorunt@bas; Lu et al. 2009; Chang
etal. 2014; T. Lee and Nam 20P@yviainen et al. 201 7frurthermore, the Convention for the Control

of Harmful Antifouling Systems on Ships, 2001 defines -fmiling systems asl coating, paint,
surface treatment, surfacer device used on a ship to control or prevent unwanted organisms'
(UNCTAD, 2030

The IMO and the governments of other countries have formulated related emission regulations to
control air pollution. Currently, fowignificantregulations: Annex VI of maritime agreement regarding

oil pollution (MARPOL) 73/78 Convention, European Union (EU) law, Environmental protection agency
(EPA)and California air resources board (CARB) regulation are utilized typically (Deng et al. 2021)

As mentioned above, the environmental regulationa®darSC are not confinezhlyto the reduction

of GHG emission andrgollution ofSQ and NQ; they cover broader aspects such as BWM, the safety

of life as sea and security at ports, oil spills preéian and preparedness regulations such as SPCC
Rule®. Furthermore, plastic pollution is seen as a global problem that needs urgent action. IMO has
agreed on a comprehensive action plan with all measures intended to be completed byA2§25.
underwaternoise is driven by the concern that ship noise may negatively impact a broad range of sea
life. IMO guidance was issued in 2014, and some countries have been particularly active in engaging
in studies(Nyhus, 202 The following sections explain the MARP&nhnex VI and BWM Convention

as two principal environmental regulations considered in this Ph.D.

In 2008, the Marine Environment Protection Committee (MEPC) of the IMO adopted amendments to
the MARPOL Annex VI entitled "Regulations for the PreventidgkirdPollution from Ships," which
limits the emission oB8Q NQ, and volatile organic compounds (VOCs). These amendments set the
global limit on the sulfur content of a ship's fuel to 3.50% (35,000 ppm) (effective 1 January 2012),
followed by a reduction to 0.50% (5,000 ppm) (effective 1 January Z0B0RPOL Annex VI, 2005;
IMO 2008; Psaraftis and Kontovas 2010; Wang, 2014; Cullinane and BergqvistaZf@tholF and
Psaraftis 2015; IMO, 2016; T. Lee and Nam 2017).

Within ECASin which more stringent controls 08Q emissions apply, thsulfur content of fuel oil

must be no more than 0.1% (1000 ppm) from January 1st, @daédnikoff & Lacoste, 2014 ndistad

& Eskeland, 2006 ECA targets pollutant air emissions, suck@sand NQ, and has set no standard

for GHG emission®Valker, 201% Four ECAs have also been defined by MARPOL. The fisstlftwo

Oxide ECAs were established in Europe, irBhkic Sea and the North Sea, and took effect in 2006
and 2007, respectively; the third was established in North America and took effect in 2012; and the
fourth was established in the United States Caribbean Sea, covering waters adjacent to the coasts of
Puerto Rico and the United States Virgin Islands, and took effect in 2014. The North American and US
Caribbean ECAs also regulated@issiongFagerholi& Psaraftis 2015; UNCTAID18).The current

and possible future US, European, and Asian ECA zonplteel in Figure2.6.

4 Spill Prevention, Control ar@ountermeasure (SPCC) Rule. Migitv.epa.govfor further info.
5 ECAsare sea areas in which stricter controls are established to miniaiitb®rne emissions from ships as
defined by Annex VI of the 1997 MARPOL Prdtoco
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Figure 26: Current and possible future ECAs
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Source: http’www.kolbia.org (Kolbia, 20109

Asia holdghe most topranking ports and contains the most densely populated major coastal areas
globally. However, no countries and regions in Asia have yet designated th¢@@Ag et al. 2014).
According taGARD (2018 September 2015, China released a-freer program that aims to reduce

O and NQ emissions by designating the Pearl River and Yangtze River Deltas and th&Bohai
Waters as ECA's place a cap onghkur content of fuel oil in the ECA's at 0.50% including eleven
major ports.

Panagakos et aP014investigate the impact of a possible designation of the Mediterranean Sea as a
SECA on the transport of consolidated cargoes between Greece and Germany. The results predict that
this designation will cause a modal shift in favor of the roaty roue. However, the environmental
implications of the resulting modal choices are positive with all emissions exandpeat al. (2016)
mention the reasons for the absence of an ECA in the Mediterranean as a politically unstable climate,
legal disputes, andegative tendencies spilling over from the North.

Undoubtedly, Ships' Ballast Water (BW) is the most crucial mechanism transporting exotic marine and
freshwater organisms worldwide, and the transport of invasive species in the BW of ships threatens
marine ecosystems global{l’erna & Harris, 20)6Besides, invasive species, such as aquatic animals,
plants, and algae, can attach themselves to the outside of ships (ship hulls), known as biofouling
(UNCTAD, 2030

The International Convention for the Conltend Management of Ships' Ballast Water and Sediments
(BWM Convention) waadopted in February 2004 by th&lO (IMO 2004; Jeé& Lee 2017; Rey 2018).

The BWM Convention was ratified and entered into forceSaptember 8, 2017 In the BWM
Convention ships must have onboard and implement an approB®dM Plan. Ships must maintain a
Ballast Water Record Book to record when ballast water is taken on board, circulated, or treated for
BWMpurposes and discharged into the d&&lO, 2004)Besides, a set df5 guidelines regarding BW
exchange, sampling, treatment systems, risk assessments, and management plan provides technical
guidance to support the implementation of the convention's princigléeeng, Liu, Olenin, & Su,
2019. The BWM Convention aims togvent the risk of the introduction and proliferation of non
native species following the discharge of untreated ballast water from ships. It is considered one of
the four most significant threats to the world's oceans and a substantial threat to biottwers
(UNCTAD, 2011; UNCTAD, 2015; UNCTAD, 2020)
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Alsq several countries have taken the approach to nationally implement BWM requirements, of which
some have also ratified the BWM Convention. Most of these requirements are based upon the IMO
Ballast Water Exchange (BWE) Standard (Regulatiéhy Bome cournies refer to the Ballast Water
Performance Standard (P standard), and a minority addresses ldvased BW reception facilities
(David and Gollasch 2015).

2.4. Design & Framework of sustainable MarSC

Lam (2015) investigates to design a sustaindldeSCby focusing on customer requirements (CR).
The author defines four customer requirements for a sustainddeSC namely (i) costand price
competitiveness (i) pollution reduction, (iii) efficient use of fuel and resources, and (iv) health, safety,
and security.

Table 21: Customer requirements for a sustainaiMarSC

Customer requirements Sustainability Aspect

Cost and PriceCompetitive (CR1 Economic aspect (cosfficiency)

Pollution Reduction (CR2) Environmentaland social aspects (including air ai
gFGSN) LRtEfdziA2y YR 0Sy
conditions)

Efficient Use of Fuel and Resourc Environmental and economic aspects (saving cost)
(CR3)
Health, Safety, and Security (CR. Social aspect

Source! dzii Kedpridasition based on Lam, 2015

The customer requirement of pollution reduction is to be met mainly from the technology and
engineering aspects rather than the business aspects of working with stakeholders in the supply chain,
including shipperaind seaports. Based on Lam, 20itbterms of relative importance, the essential

CRs are CR1 and CR4, while CR2 and CR3 are ranked in relatively lower Figbtitdesign
requirements (DRs) are identified for container shipping lines to design a saldiarSCQo meet

these customer requiremenigable 22 shows the ranking of each DR with its relevant CRs.

Table 22: Design and customer requirements for a sustainaéeSC

Ranking of DR& Top to down Satisfied Customer Rplirements
DR5- Use of Green Design Shig Pollution Reduction (CR2) and Health, Safety .

Engines, and Machinery Security requirements of the customer (CR4)
DR1 - Integrated Supply Chai Cost and Price Competitive (CR1) and Health, Sa
Workflow and Security requirements of the customer (CR4)

DR4 - Optimal Routing anc CR1 and CR3

Scheduling

DR6- Use of LowSufur Fuel and Pollution Reduction (CR2)

Renewable Energy

DR3- Cooperation withSeaports -

and Terminals

DR8 - Preventive Measures fo Pollution Reduction (CR2) and Health, Safety .
Accidents Security requirements of the customer (CR4)

DR7- Ballast Water Treatment ani Pollution Reduction (CR2)

Residue/Waste Control
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DR2- Cooperation with Shippers -
{ 2dzNDOSY | dalichdasEd@n LAA, ZA1R

Based on the abov@able, it is observed that no single design requirement can adequately address all
2F (KS Odza Gveayn8rNZO Y pefingsStiedcdncept of the triple bottom line related to
sustainability which statethe necessity to act and make a profit taking into account the three
dimensions at the same time, which means that a result of a company activity should not measure
only afinancial gain but also environmental and social performance of the corpordties.et al.
(2019) confirm that sustainability is imperative to minimize economic and social costs, reduce
environmental impacts caused by such ship operations, and impréva r S y i 3Ren aKd3 titderi K &
(2017) consider technological and political dimensions besides the three pillars in a sustainability
assessment.

Kum Fai Yuen et al. 20Bhalyze the drivers of sustainable shipping. The results reveal that: (i)
stakeholdelJINB & 8 dzZNB X O0A AUV AKALILAY3I O2YLI yASaQ I GaGAGdRS
sustainability are the preconditions of sustainable shipping practies Fai Yuen et al. 20&8alyze

the effects of sustainable shipping capabilities on bessnperformancelt is foundthat shipping

companies can pursue the development of sustainable shipping capabilities on two fronts: (1)
sustainable exploitation capability or (2) sustainable exploration capafilign et al. 202@dentify

that critical success factors (CSFs) of sustainable shipping management (SSM) in descending order of
their importance are (1) stakeholders' focus, (2) ifiram management, (3) new technology
acceptance, (4) intefirm collaboration, and (5) strategic fit

Wang et al. B20reveal that the core responsibilities of the maritirsectorlie in the plans concerning
the provision of four SDGs, namely (i) SDG 8: Safe aalthin working environment,(ii) SD&%
Development of green technologies and transport infrastructure, 8DG 12: Responsible waste
management and ship recycling, and (iv) SDG 14: PR and coastal ecosystem protection.

CNRY (KS aAaKALILISNEQ LISNELISOUGAGBGSET /{w OFYy AYLNROS
shipping firm(Yuen et al. 2016aCSR initiatives aim to move towards environmentally and socially
responsible and safe shipping industry practiffarviainen et al. 2017ESR has received renewed

attention from shipping firms to complement their classical competitive stratefiaenet al. 2017).

Fafaliou et al. 200éhvestigate the initiatives and related benefits of applying CSR in the European
maritime sector. The results are demonstratediable 23.

Table 23: CSR; Measures and Benefits

CSR application CSR initiatives, benefits, and barriers

Initiatives Health and SafetyCodes of conductFriendly environmental activitie!

relevant to the - Better community relations- Socially responsible investments

CSR concept / 2 Y LJ paidipation in affairs of public interest and human right
Lifelong learning- Activities in support of deprived groups or ethn
minorities- Charity giving Better relations with customers

Benefits from CSF Improvement of employees op satisfaction - Improvement of

initiatives customers royalty - Advantages related to the satisfaction
02 YLJ y A S & Rais@ of pfé@ldntivity Improvement of partners
investors relations

Reasons for not  Lack of public support or encouragemeritack of information for the

implementing CSF implementationg

initiatives No selfconsciousness of CSR impdmisiness activity.

{ 2dz2NOSY ! dzii KoddsddQrirafakol etal.{20ab) 2
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Weber (2008kategorizes the main business betgfissociated with the implementation of CSR into
monetary and nommonetary fields and summarizes in five classes such as (i) positive effects on
company reputation; (ii) positive effects on employee motivation, retention, and recruitment (iii) cost
savirgs (iv) revenue increases from market share (v) risk mitigation manage@®etihe other hand,

Lu et al. (2009)discover that three dimensions of CSR are (i) community involvement and
environment, (i) disclosure, and (iii) employee and consumer interddsn, there is a positive
relationship between CSR dimensions and financial performance in the container shipping industry.
Poulovassilis and Meidanis (201dgfine the potential CSR challenges for shipping companies and
relevant benefits for maritime spping.

Table 24: CSRhallenges

Benefits of CSR
Considerationof the overall impacts of Climat« Protection of the
Change (Carbon Reduction and Energy Efficier environment
Emissions to Air,Discharges to water, Wast

Management, Recycling.

Potential CSR challenges for shipping companies
Environmental

Social Considerationof the employee relations, cultura Safetypromotion
diversity, job attractiveness, creation and retentio and risk
training and development, safety, and security.  prevention

Economic The balance between the overall busine Profitability

environment and stakeholder revenue and profi

Cost efficiency

with the overall global economic outlook and tr
worldwide supply/demand situation.
SourceAuth2 Ndmposition based on Poulovassilis and Meidani®201

Parviainen et al. (2018xamine the potential of mukstakeholder alliances between both the primary
stakeholders (financial) and secondary stakeholders fimancial) to promote CSR in tlshipping
sector in terms of safety as well as environmental and social responsibility by proposing a
comprehensive approach to measure the CSR in the shipping industry.

Figure 27: Holistic indicator approach to define anteasure the CSR in the shipping industry

Safety indicators Social indicators

Safety culture
and
performance

Personnel
well-being and
training level

A

v

Multi-stakeholder
pressure and
communication

Environmental
risks and
pollution

Environmental

indicators

Source! dzii Kepiydddlion based on Parviainen et al. 2017

Based on the results, mulitakeholder pressure based on primary and secondary stakeholder actions
promotes the adoption, implementation, and enforcemenf CSR practices in the shipping industry
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to push towards improved regulatiorfParviainen et al. 2017 addition, there is @aobust positive
association between CSR and enterprise value shigfindgopoulos et al. 2020).

Jasmi and Fernando (201@&3termine maritime green supply chain management (MGSCM) as the
integration of environmental initiatives and innovations among k@ SChat includes internal and
external organizational units (ports, shipping companies, etc.) and partners to supportaddad
activities for materials flow (container, bulk, and general cargoes). The concept of implementing green
shipping practices iMarSCrequires internal functional coordination within the shipping company
and external integration with shippers and consignees in the physical cargo movement pfoaess
2015. Implementation of green operations strengthens the environmental and sper&rmance of
shipping firms' commitments to satisfy customer expectatifriao, Lu, & Tseng, 2011; Venus Lun et
al. 2015) Green supply chain management can assist the maritime sector in complying with IMO
regulation and achieving sustainability goaisatt benefit society and future generatior{dasmi &
Fernando, 201pB Lirn, Lin, and Shang (201#4yd three decisive dimensions of green shipping
management capability: greener policy, greener ships, and greener suppliers.

Table 25: Dimensions of green shipping management

Primaryfactors of Definition
green  shipping

management

Greener policy It is concerned with implementing an environmental policy to creat
vision or culture of environmental protection (K. Lai et al. 2011).

Greener ships It focuses orpreventingair pollution [i.e., C& SQ, N&, and PM] from

AKALRAZI AYLBYEMMethdls (BFRA20180;The A.P. Mell
Maersk Group 2011).

Greener suppliers It includes guiding suppliers to establish their environmer
programs, requiring suppliers to provide testing certification for gre
product conformance, pressuring suppliers to take environmel
action.

{2dzNOSY ! dziK2NBRQ O2YLIRaAldAz2y o6l aSR 2y [ANY SG td wHnawmn

There are three functions of MGSCM, which are (§dimieve customer needs while at the same time
improving profitability and competitiveness, (ii) to conform with regulations, and (iii) to control social
and environmental impacté@Cheng et al. 2015T.he use of green technology in ship operations can
diredly influence the pollution generated, fuel, resource usage, and health and safety (kaals
2015).Regulations, social needs, and market changes are among other reasons that lie beyond the
strategies of individual organizations for implementing greetiatives(Caniéls et al. 2016).

Jasmi and Fernando (201Byestigate the relationship between drivers of gréddarSGnanagement

(i.e., top management, regulation, green initiative, and security) and dimensions of MGSCM practices.
The main dimensions MGSCM are monetary flow, information flow, integration practice, customer
needs and conformity to regulations.
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2.5. Port industry and port sustainability

Ports are considered critical nodes of global trade and supply chains, which have a complex
organizational structure(Kang & Kim, 2017; Sanchez Rodrigues et al. 28d48)contribute to
economic development as well as employment opportuniflesm et al. 2013; Sakalayen et al. 2017;
Hou and Geerlings, 2016; Ashrafi et al. 2ah8) facilitate the moement of goods and carddarrald

et al. (2004 s a connection point linking the maritime modethe hinterland (both the local regions

and inlandtransportation) by anintermodal transport network(Harrald et al. 2004; Barnes and
Oloruntoba 2005;Lam etal. 2013 Wan et al. 2016)Moreover, ports can promote corporate
sustainability through cleaner production initiatives and other proactive approaches such as resource
efficiency, optimization of logistical networks, enhancing safety and security in agiar(Kim &
Chiang, 2014)Ports can actively contribute to the sustainability of maritime transport by taking a
more significantole and responsibility towards society and the environm@tbpott, 2013).

While having numerous positive external effegierts are also major energy consumers and sources
of pollution (Chen et al. 2019and are responsibléor negative environmental and social impacts
deriving from activities such as dredging, anchoring, cégudling, marine fuel bunkering, waste
management, and cargo operatio(i3inwoodie et al. 2012; Klopott, 2013; Walker et al. 2019; Ashrafi
et al. 2019Garg and Kashav 201%he main seaport stakeholders are classified into four main groups
by Notteboomand Winkelmans (200Bnd are defined as any individual or group of persons holding
a legitimate interest or being affected by port action or inactiblotteboom, Parola, Satta, & Penco,
2015; Notteboom & Winkelmans, 2001).

Table 26: Stakeholders in the port industry

Group of stakeholders  Stakeholders

Internal stakeholders Port authority, employes unions, shareholders, boar
members

External stakeholders  Transport operators (shipwners, railway companies, truckin
companies), terminal operators, forwarding agencies, shipg
agencies, industrial companies

Community stakeholders Community groups, civil society organizations, the press

Legislation and public ~ Countries and world organizations

policy stakeholders

Source! dzii Kepiydddlion based on Notteboom and Winkelmans (2001)

Besides the above stakeholders, government and logistics service providers are within the same value
driven chain of port stakeholdeféam 2011; Lam et al. 2013Port authorities aragesponsible for
strategic seaport plannin@@ooms, Verbeke, & Haezendonck, 2013).
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25.1. Sustainable and green ports

Green ports maintain a good balance between environmental impact and economic @htedit et

al. 2019)by engaging in the proactive development, implementation, and monitoring of practices at
local, regional, and global levels beyond regulatory compliéAceiarg 2015).

The sustainable port concept requires port authorities to account for economic, enviramand
societal considerations in their strategy definition, in line with the triple bottom line approach
(Elkington 1997; Henriques and Richardson 2004; Acciaro ZMé&peration of ports depends on
supporting infrastructure and human capital atigk ability to continue to perform under disruptions
from incidents(Asadabadi & MilleHooks, 202 Infrastructure investment, cost, efficiency, service
guality (Lam et al. 2013)o0llaboration among the stakeholderand governancdor environmental
performance are crucial for sustainable port operatigkang & Kim, 2017; Lam et al. 2013)

25.2. Recent research on the port's sustainability

Port sustainability and development have received remarkable attention from stakeholders in
maritime shipping andave been investigated by numerous scholars. In this paper, 49 papers are
reviewed focusingon reducing the environmental impact of port operations, improving economic
benefits, and increasing social welfare. The most significant findings and resultslinggport
operations are discussed as follows.

Acciaro et al. (2014l)st the main green strategic objectivesamely landlord functionregulatory
function; operator function; and community manager, enabling reviewing the port authority's main
procedures and investigating the influence of environmental sustainability on thikim and Chiang
(2014)identify the goals of sustainability practices in port operations in three various aspects, namely
(i) economic (container traffic growth); (ii) soe@lvirormental (low environmental impacts and
corporately responsible imagmaking), and (iii) operational (operational efficiency improvement).

Similar research hdasendone byKang and Kim (201%) generat a structureconsisting of five sub
dimensions concdpalizing sustainability practices in port operatioesvironmental technologies,
monitoring and upgrading, process and quality improvement, communication and cooperation, and
active participationAsgari et al. (201%xamine the sustainability performance of five major UK ports
from environmental and economic perspectives. In Tablé 2he critical criteria to measure
sustainable performance in UK ports are plotted.

Table 27: Criteria anl subcriteria to measure sustainability in UK ports

Dimension Criteria/ Subcriteria

Costefficiency Transportation cost; Fuel cost; Electricity cost; t
Economic shipping cost
aspect High quality of servicedPort congestion; Loading anghloading cost;

Infrastructure;Service and waiting time
Establish environmental policies
Identify environmental impacts
Environmental objectives and priorities
Environmental dimension
Commitment identification

Environmental
aspect
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Training and awarenessAll staff are educated and trained abol
sustainability
Emergency preparedness and respan$e minimize damages to th
environment and environmental risk management

Source! dzii Kedrhd@sion based on Asgari et al. 2015

Wagnern(2017)defines sustainability in the ports as employmggrivironmental issuesir emissions
fair working conditionsequal opportunitiesoccupational health and safetgducation, training, and
skills developmentSchipper, Vreugdenhil, and de Jon@1(2)present a method for interpreting and
comparing sustainability in loAgrm port and portcity plans for aiverseset of ports (size, type,
geographic location)Oh, Lee, and Seo (201@monstrate that the economic issue associated with
offering employment opportunities is the mostucial measure for sustainability assessment of
seaports, followed by environmental concerns and social factors. Interest@§lymplemented in
port strategies and operations could helpmprove ports' relationships with its diversified
stakeholdersincluding government, policymakers, and custom@shrafi et al. 2019)/anelslander
et al. (2019)nvestigate themaritime and port industry innovatigrshowirg that dominant aspects
are multidimensional innovationincluding technological, managerial, organizational, and cultural
aspects.

Tichavska and Tovar 2048ggest ecefficiency indicators as a practical tool to measure performance
within the context @ ports in which external costs are combined with port operations profiles to
estimate the eceefficiency performanceSislian et al. 2016eveal that various environmental
indicators of port sustainability are (i) noise pollutjdii) air quality and (iii) dredging operations and
disposal.

Ports can intervene in two main ways to improve the environmental performance of maritime
transport beyond their organizational and physical boundaries: by lowering tool implementation
complexity through more tal collaboration within global value chains; and by enhancing emission

visibility through alliances with cargo owners and regulafosilsen et al. 201&8allini et al. 2020

identify the port's sustainable measures and provide a framework including theoedc, social, and
environmental dimensiongontributingto United Nations Sustainable Development Goals (SDGS).

et al. 2020nvestigate sustainable development in container terminals (Hong Kong) and its impact on

atr 1 SK2ft RSNEQ NBOSy8A@aKhd aSauAZ Gial apd80OGa 02y OSNJ
al¥Sieé¢ FYyR GUSNXYAYLFE (NI FTFAO esbetti@attRobtgstiamondgINS @S y
sustainability assessment criteria, followed by econom@asure2 ¥ a Sy adzNAy 3 el NAH2 K
andeffectivelf d 2 FFSNAY I SYLX 28YSyild 2LILRNIdzyAli®SEasd | yR a

Other significant references and research on the port sustainability content are plotfEabie 28,
targeting the main objectives and case studies.

Talle 2.8: Research on port sustainability

Reference Objectives and Case Study

C. C.Chang and To reduce pollutants in port areaBort of Kaohsiung (Taiwan

Wang 2012

Park and Yeo To evaluate the greenness of a seaport.

2012 Korean ports (Incheon, Busan, Gwangyang, Pyeongtaek, and Ulsz

Dooms et al. 2012 To analyze the role of path dependency in the sqmttical process of
longterm strategic port planning?ort of Antwerp
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Parola et al. 2013

To analyze the content oflisclosure in port authoritiesTop 125
container ports in the world

Acciaro efal.
2014

To investigate the environmental sustainability of the seaports.
Port innovation initiatives in the Ports of Genoa, Antwerp, Rij
Singapore, Zeebrugge, LAsgeles/Long Beach, Hamburg

Kim and Chiang
2014

To investigate sustainability practice in port operatioRert of Busan

Acciaro 2015

To represent the relationship between CR and competitiveness in
port sector

Notteboom et al.
2015

To providestakeholder management principles in the port domain.
Port of Rotterdam

Sanchez
Rodrigues et al.
2015

To examine sustainability issues for maritime operations by asse:
total CQ emissionsUK ports

Halim et al. 2016

To present a quantitative modér port-hinterland freight distribution
systems European porhinterland

D.P.Songetal. To analyze the port competition problem involving hinterla

2016 shipments and transshipment cargoeSouthampton and Liverpoc
ports (UK)

H. Chen et al. To apply the concept of resilience to the context of a gurterland

2017 container transportation networkPort of Gothenburg

Kang and Kim To conceptualize the structure of sustainability practices

2017 international port operationsShanghai, Honfong, and Busan ports

Knatz 2017 To examine the effects of competition in governance and stratt
decisionmaking US ports

Min-Ho Ha et al. To develop a Port Performance Measurement framewBdur Korean

2017 container ports

Pallis and To discuss the evolution of the container ports markateek ports

Vaggelas 2017

Wagner 2017

Toidentify the mostcritical sustainability aspects for port authoritie
and other port stakeholdersSelected European ports

K. H. T. Wong et
al. 2017

To assess the inw@ment of the port industryPort of Hong Kong

C.N. Wang et al.
2018

To improve the competitiveness of the Vietnamese port logis
industry. Viethamese ports

Guo et al. 2018

To propose aport resource integration and cooperative operatic
methodin multi-port regions Ports in Northeast China

Linder 2018 To analyze the success of the Vessel Speed Reduction (VSR) Proy
improve air qualityPorts of Los Angeles and Long Beach

Oh et al. 2018 To evaluate the decisive criteria for the psrtstainability assessmen
Ports in South Korea

Z.Song et al. To study the cooperation mode between ports and liner companie

2018 the case of competition between heterogeneous ports.
Shenzhen and Nansha ports (China)

W. Wang et al. To investigie Green Project Planning (GPP) of ports to minimize

2018 total costs and maximize the total emission reduction.

Yang et al. 2018

To discover the risks posed by climate change on ports.
Container ports in Hong Kong, Taiwan, and Mainland China

Ashrafiet al. 2019

To assess the current state of Corporate Sustainability thro
surveying port managing companies and authoriti@anada and the
us

Hossain et al.
2019

To assess the state of Canadian ports sustainability initiatives
Green Marine Environantal Program (GMEP:$anadian ports
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X. Lai et al. 2019 To examine the incentives of forecast information sharing from the |
and the effect of the carrier's risk behavior on sustainability investm
decisions in MarSC

Lam and Yap To review existing sustainability frameworks ammhduct a stakeholde!
2019 analysis for sustainable development of the port city

Port cities Guangzhou and Shenzhen
Monios 2019 To identify thecriticalissues in the port governance
Asadabadi and To study port reliability and resilience and the importance of port:
Hooks 2020 supporting a larger resilient maritime system.

Southeast Asia centroid, Singapore, Port Klang, Jakarta, Bel:
Europe centroid

Cong et al. 2020 To investigate the interaction betweeport production performance
YR (KS -Ecbrip@icdvelapnéniClinese ports

Munim 2020 To combine a qualitative and quantitative data analysis to investi
the association between technical efficiency and port service leve
hightechnically efficient ports and terminals.
Seventeen ports in twelve Asian countries

Narasimheetal. To identify and analyze crucial dimensions, port performa

2020 indicators, and key performance indicators for assessing
sustainability performancef ports. Liquid cargo based Indian majt
seaports

Senarak 2020 ¢t2 dzy RSNaRlUlIYR GKS NRES 27F Lk
environmentfriendly technology in improving the container port
capacity, energy efficiency, and sustainability.

SourceAul K 2chidpOsition based on all the references of the table

As can be seen from the aboVable the sustainability enhancement in the port sector has been
assessed in various ports around the world. Due to these efforts, several methodologies have been
developed and topics such as port governance, stakeholder management, port competition, and
emission reductioave been investigated.
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2.6. Overall Observations

With the fast development of container transportatidarSChasbecome one of the largest complex
networks in the world (Liu et al. 2018). Efficient information flow and integration between maritime
players are necessary to manage compldarSC(Jasmi & Fernando, 2018n the supply chain
dimension, shipping comparsehave to coordinate cargo, information, and financial flows along the
chain interfacing with various parties such as shippers and goais) 2015)and are responsible for
the operation of ships concerning safety and environmental protection to prdeitigterm benefits
(Poulovassilis & Meidanis, 201#nd produce services to satisfy the derived demand for the transport
of cargoes on regularly scheduled service routEafaliou et al. 2006; Lu et al. 2009Dther
stakeholders involved in maritime shipgi are shipyards, negovernmental organizations (NGOSs),
environmental organizations, repair yards, recycling industries, research and development
organizationgPsaraftis 2016),customs and regulatory authorities, which are involved both in the
transportof goods and in information exchan{leavydenko, Zhang, Bavasszy, 2014; Veenstra et al.
20098).

The sistainability of MarSC has been under attention by academia and industry in the last decade
and various research has been carried out in this figldhis chapter, 262 papers for twenty years
between 20002020 have been reviewed preciseBased on the literature, the majority of the essays

in the field oMarSelongto the assessment of environmental sustainability and emission reduction,
while the esearch regardinmerely theeconomic and socidimensions oMarSds scarceAccording

to the literature review conducted, the maritime industry has adopted green strategies to improve
resource efficiency and competitiveness in the industry. Importamdigislations, social needs, and
market changes are among other reasons that are mentioned to encourage individual organizations
to implementgreen initiatives

Figure 28: Taxonomy of literature review

Taxonomy of literature review

B MarSC and Sustainability (Design & Framework)

W Port sustainability

M Ballast Water Management Convention

B Green shipping initiatives and sustainability practices

W MarSC safey and security, risk assessment and
resilience

Port selection criteria, Supply chain cost and reefer
transport

Thischapterconfirms that, although considerable research has been devoted to the economic and
environmental assessment bfarSGustainability from shipowner or shipping lines perspectives, less
attention has been paid to the impacts of green practices and emissgulationon the shippers or

cargo owners. This lack of research can lead to-eftinient policymaking decisions at the industry

level when applying innovative and green technologies to mitigate maritime pollutidris PhD.

attempts to overcome thisdrrier byconsideringi KS & KA LILJISNDR A& LISNBLISOGA GBS @
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It is observed that Ballast Wataffectsthe marine climate, causing@cology, economics, and human
health issuesHowever, the BWM and its exceptions hawainly been discussed from an ecological
perspective in the literature. As a result, itvgal to consider the convern from an economic
standpoint.

From an economic point of view, it appears thag tostefficiencyof maritime shipping is imperative
to establish economic sustainability and maximize profitahilBgsides, e of thecriticaldrivers for
shipping firms to adopt green operations performance which comprises both economiand
environmental dimensions.

Maritime safety and securitywere reseached by addressing the risk factors, risk mitigation
challenges, regulations, and measures. Previous research has demonstrated that safety and security
establishment inMarSCare among themost significah interest and major concerns as maritime
shippingis subject to several types of risks grouped as internal, external, and supply chain risks in
which the top risk factors belong to operational risks, cyber and terroristic attacks.

Regrettably,ittle research has described the social dimensioMafSGsustainability merelyand this

aspect is scrutinized with a combination of economic and environmental aspects. Social sustainability
AYLINR@Sa GKS SYLX 28S5SaQ 22, dadingaihe@sfitmd stakehgldeds'y R O dza
economic andenvironmental performance Due to the digitalization development oharine

shipping, knowledge sharing, data processing and analysis, teamworlsofiddcommunicational

skills are essdial proficiency requirements-urthermore the supervision of the cgainer supply

chain needs to be enhanced to increase safety and security and to minimize the risk of illicit trafficking

at the same time.

Notably, this chapter has confirmed that thertsareanessentiapart of sustainability developments

and it requires assessing the sustainability of ports to make optimal decisions and choose sustainable
development strategies concerninglarSC Besides, maritime authorities play a critical role in
protecting society from the harmful effects ofarine and port operdions. Figure2.9 summarizeshe
functionsof the ports in maritime shipping.

Figue29Y t 2NI&aQ AyTidzSyO0Sa 2y YINRGAYS aKALLAY3
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As observed, various ports are investigated as case studies worldvzdever,moststudies belong

to the sustainability assessment of paritscluding economic, environmental, and social dimensions
mainly in Asian and European paqrtespectively.The mostcrucial objective isto improve port
sustainability and consideéhe collaboraton between port stakeholders and policymakers.

Sys and VanelslanddP020 state that each stakeholder needs to control &&arSC(reduce
uncertainty) and create value for every actor involved in the sustainable ecosystem to serve their
customerdetter to manage the endo-end integration oMarSCprocesses. Each player in tharSC

is engaged in multijurisdictional and multlayered activities impacted by international, regional,
national, and local governments and international private bodigster 2015).Furthermore, these
players are concerned with the design, production, ownership, construction, administration, crewing
of maritime trader vessels, training, classification, investment, finance liability, and insurance of
shipping operationgJasmi& Fernando, 2018)The responsibility and objectives of each stakeholder
are necessary for taking action to reduce maritime emissf{8aebwartz, Gustafsson, & Spohr, 2020)

Figure 210: Ratio of pors on sustainabilityat the worldwide level(based onfie selection of papers in the
literature review)

Proportion of port case-studies around the World

Asia
M Europe
m North America

M South America

Severalapplicationstudies have been taken into account in this Pltd>cover the observed gaps in
the literature review,which includes different dimensions of sustainability. The environmental,
economic, and social dimensions of sustainability are describethistersfour andfive. Chaptersix
examines the economic and social aspects, while chapesten discusses the ecmmic and
environmental dimensions.

The contribution of this chapter to the literature is gathering a comprehensive overview of recent
research, green initiatives, and technologiesMarSC both in maritime shipping and in the port
sector. Besides, thistudy is beneficial for relevant stakeholders in thlarSCand specifically for
scholars by generating valuable scientific and theorefitgllications It hasaddressed thecritical

topics in the maritime industry and provided an extensive summary ofquewesearchlo overcome

the mentioned gaps in the literature and address the environmental regulations and social issues,
chapter four assesses the cdstnefit analysis of potential BWM exceptions aedaminesthe
conceptof establishing an SRmM aneconomic perspective. In chapter five, a cost comparison of
three potential technologies, namely MDO, LNG, and the Scrubber system, is taken into account from
the viewpoint of shippwners and cargo owners for two maritime trade routes, ASihand U&U.
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Chapter 6 is about assessing the feasibility of improving the supervision of the maritime container
supply chain from an economic perspective for the port of Antwerp by developing a new cost
calculation modelMoreover, port and supply chain analysis of transporting containerized reefer and
dry goods over the maritime round trade route from West Africa to Europe is the purpose of chapter
seven.
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Chapter 3Applied Methodology Overview of Chai@ost Model

In this Ph.D., several methodologies are applied to fulfill the objectives of each chepeeifically
which were explained in the introduction chapter (see chapter 1). The main applied methodology is
the CCM developed by van Hassel et aln(Massel et al. 2016a, 208N this chapter, the objective

and a general overview of the model are described in detail. The goals of this chapter are first to
explain the different parts of the model and how different sections are interrelsa®d ako, the
process of calculatlg the generalized chain cost and its various cost componemsn®nstrated
precisely.

Furthermore the model is adapted for each chapter of the thesis where @@Mis applicable
(chapters 5, 6, and 7) and based on each tvapunique addressed research questiofbe updates

to the model will be explained separately in those chapters where some necessary changes are
needed and input parameters and adaptions to the base model are made.

3.1. Purpose of thECM

The purpose of the CCMs to calculate the generalized chain cost per TEU from a selected point of
origin (i) in the hinterland (A), via a predefined container loop, to a destination point (j) in another
hinterland (B)(van Hassel et al. 2016a, 2016b). CCM, several terms need to be determined
hinterland area, aggregated hinterland, logistics chain, characteristics of ports and terminals involved,
and hinterland connectionfran Hassel et al. 2016a, 20168gure 3.Jplots the concept of the CCM.
Figure 3.1: General Concept of Cost Chain Model

Aggregated Aggregated hinterland

hinterland

Aggregated
hinterland

Containerloop

Hinterland region

@ Portwith container terminals

Iﬂ'@p Ship

—— Hinterland link between a port and a hinterland region

Source: van Hassel et al. 2016a, 2016b

5 Read these two papers for further information regarding the model.
”The model is coded in C# and uses Microsoft Excel (data) and JMP11 (maps) as output formats.
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A logistics chain consists of a starting point and ending point and is determined as a route from a
specific hinterland region (i) to another hinterland region (j). A logistics chain holds slyi@cant

legs: maritime shipping, port process, and hifteed transportation. Ashown from Figure 3.1, in
CCM, different aggregated hinterlands are connected via a route (container loog)aatsd(bold

lines). The container loop encompasses the maritime leg of the supply chain.

The aggregated hinterlands aidefined as a summation of different smaller geographical areas, which
in Europe correspond to NUPSegions Each aggregated hinterland is served by at least one or
several portvan Hassel et al. 20168he NUTS classification (Nomenclature of TatatdJnits for
Statistics) is a hierarchical system for categorizing the economic territory of the EU for three main
objectives: (i) The collection and harmonization of European regional statistics (iij)eSonmmic
analyses of the regionand (iii) Franing of EU regional polici€égurostat, 2020)Based on the NUTS
classificationEurostat, 202Q)there are threecentralregions with different characteristics in terms

of size, geographynd policy perspectivanamely

A NUTS 1: including major so&oonomic regions
A NUTS 2: including basic regions for the application of regional policies
A NUTS 3: including small regions for specific diagnoses

Figure 3.3hows a generic overview of the NUTS regions in Europe.

Figure 32: NUTS regions in Europe

P S
eurostat
=

Sourcehttps://ec.europa.eu/eurostat/web/nuts/background

TheNUTS 2016 classificatioansiders 104 regions for NUTS281areasfor NUTS, and 1348 regions

for NUTS3 (Eurostat, 2020Regarding ports characteristics, egurt entails one or several terminals

and each terminal has specific features such as infrastructure elements like the maximum draft,
terminal equipment like the number of container cranes, stacking cranes on the terminal, etc. From
each port terminal, the hinterland connections via roadl, rand inland waterways (if applicable) to

all the disaggregated hinterland regions are synthesized into the maahel the distances are
determined from each terminal in the ports located in the aggregated hinterland to the different
hinterland areagvanHassel et al. 2016a).
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In the CCM, eight aggregated hinterland areas are develapmahd the world namely, the EU (from
each terminal to 240 NUTSregions), the UK (40 NUZSegions), the USA (48 states), Brazil (65
regions), Australia (10 states), ¥tern Africa (20 regions), Southern Cone (50 regions), and China (30
regions).

All the possible chains are estimated in the aggregébatie hinterland meaning that the port cost

and hinterland cost from the ports that are part of the loop and locatedhie aggregatedo the
hinterland are computed to all the hinterland areas (All N@Tfgion in Europe). As all the
combinations can be assessed, therefore, there is a feasibility to obtain the lowest chain cost from a
port of origin to all the variousihterland regions showing among all the options, which ships, sailing
routes, ports of call, and hinterland modes to be seledteah Hassel et al. 2016a).

3.2. Input Parameter

There arefour input elementsfor CCM, namely the selection of (i) a container loop, (ii) a vegsel
the size of the aggregated hinterland, and (iv) the value of the cargo transported in the containers
which will be discussed in detail in this section.

3.2.1. Container loop:

The first input is the selection of a container lo@everaloopsare developed in the modehamely
AsiaEU, UEU, South America EU and Africag EU. Other maritime routes can also be created.
Based on a database of different ports, it is possiblbuitdd a desired container loop. Furthermore
by applying the real data from the websites of the container lia@sactual loop can be combined in
the model.Figure 33 draws the general overview of the UEJ route with all the ports involveidr
the vessel size 4,600 TEU.

Figure 33: Ports in USEU route for the vessel size 4,600 TEU

A UAntwerp Port Model
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© Jan Svendsen
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There are plenty of considered ports in each loop. The features of each port are defined based on the
accuratedata, such as maraum allowable draft port [m], rate of cargo loading, and unloading in the
terminal [%)]. It is possible to have tleargo division of transshipment, IWfBjl, androadfor loading

and unloading cargo

3.2.1.1. Terminal Selection

In this part, one of thenain subinput parameters is théerminal selectionAll the available terminals
in each port in the selected loop are characterized in the modhelpsing the required terminal.

Figure 34: Terminals of Port of Rotterdam

ID Languages Access Cargo Terminal
Select Distance Locks |Infrastructure Equipment Traffic Cost Nuts

Select a Terminal
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Based on the selected terminal, all the relevant data are-geéined and can be modified such as:

l. Infrastructure (maximum draft of the terminal [m], length of the terminal [m]), and if any locks should

be passed to reach the terminal.

Il.  Terminal equipment (container cranes at the terminal (number, handling rate [TEU/h]), straddle carriers
and stacking cranes at the terminal, etc.)

lll.  Traffic data (yearly turnover in TEU, average % loaded and unloaded)

IV.  Cost Calculation: the detailed casticulation of port dues, tug boats, pilotage, mooring, and unmooring
costs, container handling co&{serminal handling charges [EUR/container] and terminal operating cost
[EUR/container]), and shifting cost (based on the number of shifts at the tejminal

8 The process of handling a container vessel at a port is modelled as different queues, using queueing theory.
Therefore, based on the actual throughput of a port, the total handling time and cost can be calculated.
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Figure 35: Infrastructure properties of a terminaFigure 36: Types of equipment of a terminal

ID_Languages _Access_Cargo _Terminal

z Select Distance Locks Infrastructure Equipment Traffic Cost Nuts
ID languages Access Cargo Terminal

Te inal Equij
Select Distance Locks Infrastructure Equipment Traffic Cost Nuts G e

Container cranes @ terminal

Infrastructure
1 m
Maximum draft terminal 16 [m] _—
Length of the terminal 2470 iml [Check = YES, UnCheck = No]
Sailed distance in terminal 25 [km]
[Check = YES, UnCheck = calculated]
Effective operational lenght of the terminal 70 [%]

Several sourcesre considered twbtain the values for the mentioned input parameters, such as
Drewry (2005), Wwich was mainly used for the ship's caghile all the port and terminatelated costs
are obtained via the websites of porsid terminals.

After choosing the desired containop, the second input element is the selection of a vés3die
third input parameter is thechoiceof the size of the aggregated hinterlanahd the fourth input
component is the value of the carg@nsported in the containers.

Figure 37: Input elements ofCCM

First input Second input Third input Fourth input

wAggregated wValue of the
hinterland transported
cargo

wContainer loop wVessel size

Source: Author composition based on van Hassel et al. 2016a

91n each loop, it might be the case thag choosing a larger ship, some ports migave tobe removed from
the loop. The reason is explained by the infrastructure limitations of the selected terminals in those ports.
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3.3. Modules o€CM

Besides the input parameters, the CCM entails three main motheamnaritime or ship model, the
port model, and the hinterland model. These models are further explained ifotleeving sections.
Figure 33 provides a schematic view of these models with their relevant details.

Figure 38: Modules ofCCM

— Routing module

——  Technical module

— Maritime modell—

— Cost module

o Maritime time

Fuel consumption
during port stage

Maintenance and

Port shipping | operation costs

cost
Crew costs at the
Port authorit time the ship is ir
= cost Y the port
8 ~ — Portmodel |—
Cargo handling
— Third-party cost
Utilization of tug boat
——  Porttime Application of pilotage

Road —\

Railway Hinterletl_nd cost and
Hinterland ime
model Inland Water |
Way —

Source: Author composition based on van Hassel et al. 2016a
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3.3.1.Maritime ship model

The maritime or ship model encompasdesir main partssuch as (i) routing module, (ii) design
module (iii) cost module, andiv) generalized costThe properties of each module are explained in
the following paragraph/table.

3.3.1.1. Routing Module

In this module, complete loops between ports arejpregrammed Amaritime distances database is
built, linkingall the available ports. The distances are determinsitigAXSmarine (2014yan Hassel
et al. 2016a)ln this module, theoperational feature®f the ship are defined and classified into three
fields such as (i) the speed of the ship, (ii) payloadesttip, and (iii) fleet calculations that are plotted
in Table 3.1

Table 31: Operational features othe routing module

Operational properties of the vessel

Speed of the ship The payload of the shipp  Fleet Calculation%*
Property Value Property Value Property Value
% speed of 90 Yp **** Average 80% Departure [Days] *
the design payload ship (% frequency of

speed [knots] of payload) the vessel

Port approach 10 [knots]

speed

Speed inthe 5 [knots]

port

* |t is possible to calculate paylodmased loading in port or not.
** |t is possible toestimate one vessel or fleet analysis.

*** |t is not a fixed value and can be assigned correspondingly.
***% 0p speed of the design speed is 90% by default.

3.3.1.2 Design or Technical Module

The design modulevhich is a parametric onés utilized to determine the technical features of the
vessel. Theechnical propertiesf the chosen shipontain fivesignificantcomponents.
l. Dimensions (length overall, depthcét
1. Main particulars (displacement cargo, design payload, deadweight, etc.)
lll.  Propulsion parameters: Installed power, design speed, the fuel consumption of the engines, type of fuel
used either HFO, MDO, and LNG, and scrubber option. It is also possible to define the fuel used inside
ECA and outside ECA zones.
IV.  Cargo Handling: harithg rate [TEU/Hour] and handling cost [EUR/TEU] can be specified. A vessel with
a geared type can also be defined here.
Emission of fuels: As three fuelamely HFO, MD@nd LNGare predefined in the model, it is possible
to insert the input value ateir emitted pollution for four different pollutants &, NG, CQ, and
PMuo.
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Figure 39: Technical propertiesf a ship

Dimensions : z
Main particulars

Length overall 264.32

(m] - 65250 %
- Displacement e [m~3]
Length perpendiculair 25 [m] =
Displacement cargo 41160 [mA3]
Beam 322 [m] &
: Design payload (@14 ton per TEU) |2940 [TEU]
Design draft 2 [m] =
= Design payload 4600 [TEU]
Depth cla [m]
Lightweight 21010 [tonne]
Block Coefficient 067 [ —
Deadweight 47450 [tonne]
Gross tonnage 478717 -1
Inverse Admirality constant 0.00198 [

Indeed, these
technical components can specify whether a particular ship can enter a specific port contingent on
features and limitations such as quay lengfhan Hassel et al. 2016a).

3.3.1.3. Cost Module

In this module, the transport cost is computedhich is dependent on the results of routing and design
modules. For this purpose, the cost components are defined and classified into three main groups as
running cost, voyage cost, capital cqBirewry, 2005). The equation of each cost component is
obtained from(van Hassel et al. 2016a).

Running or Operational Cost

This costomprises five components, namely crew cost, insurance cost, consumables cost, repair and
maintenance costs, management and administration ¢psewry, 2005),indexed to 2012 values by
applying index number@an Hassel et al. 20163he operational cost of a ship is calculated based on
Equation 3.1:

06 606 0O 6V0 YO 00Qz

(Eqg. 3.1)
In which:

OG = Operational cost of the ship size i [EUR/loop]

CG = Crew cost of the ship size i [EUR/Hour]

INi = Insurance cost of the ship size i [EUR/Hour]

CON =Consumablgcoss of the ship size i [EUR/Hour]

RMi = Repair and maintenance costs of the ship size i [EUR/Hour]

MA = Management and administration costs of the ship size i [EUR/Hour]
DIST= Distance sailed in a given loop k [nm]

Vi = $eed of the ship size i [knots]
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Voyage Cost:

The voyage cost has four main elemerftgel, lubricant, canal, and port duesalculated based on
Equation 3.2.

w6 06w Y62 60 0qQ (Eq. 3.2

In which;:

VCi = Voyage cost of the ship size i [EUR]

FCi (V) = Fuel cost of the ship sizat speed Vper sailed houfEURH] (see van Hassel et.4P016) for more
details on this calculation.

LUB = Lubricants costs of the ship sipei sailed houfEURA]

DIST= Distance sailefibr vessel i between two poris a given loop k [nm]

Vi = Speed of the ship size i [knots]

CD= Canal duefor vessel type[EUR]

PDij= Port due®sf vessel type i at porfEUR]

Capital Cost:

Three main componenisuch as interest cost, depreciation cost, and total time are required for the
calculation of the capital cost of a ship in which total time depends on the sailing timspated of

the ship of size i (and total port time in allhe ports. The capital cost ofv@sseis computed based

on Equation 3.3.

6%n6 000 00 "YOr— (Eq. 3.3)
In which:

CapG = Capital cost of a ship siz [EUR]

DER = Depreciation cost a ship size i [EyéRar]

INTER= Interest cost of a ship size i [EyH#]

Tk = Total time that a ship size i spends in the loop k [Day]

Besides, theship's purchase priclEUR] needs to be specified, which is a variant based on the size of
the vessel, which is imperative to calculate the depreciation and the intéviegligan (20085evelops

a model to estimate the newuilding cost of a container ship based on the silet) of the ship(van
Hassel et al. 2016a).
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3.3.2. Port Model

The different processeis the port are included in thenodel. It is consideredyy applying queuing
theory in the port process. Ehlinkages between other chain elements with varyaagacities are
taken into account through the queuing theory applicatié the terminals, loading and unloading
the ships is modeled. First, the ship has to sail fromeheinal entranceo the quay wall. Theessel
is moored and containers will be lalled.

The handling time is related to the number of cranes per ship length deployed and the nominal
handling rate of the cranes. If more containers are handled (due to the increase in ship size) or when
more container ships enter a terminal, the totalriting time will increase. Finally, the model can
evaluate the total time and cost per ship for each terminal in the port and thus the generalized cost in
the port phasgvan Hassel et al. 2016a & 2020).

In this section, the cost components in the porbpess when a ship enters the port are described.
These costs are divided into three main elemeptsrt shipping cost, port authority cost, and third
party cost andare paid by the ship owner3.able 3.2%lots each cost component.

Table 32: Port model cost components

Port model cost Definition

Port shipping cost This cost depends on the size and type of the ship using the |
includng maintenance and operation costs such as fi
consumption during the port stage and crew costsenthe ship
is in theharbor.

Port Authority cost Port authority or port dues cost is the cost that the shipowr
needs to pay to the port authority. Each pbias a specific syster
of setting charges, and consequently, the estimation proces
different from port to port.

Third-party cost It is made out of three elements such as (i) cahgmdling cost
(ii) cost for the utilization of tug boatvhich is dependent on the
ship size and typend (iii) cost for the application of pilotage.

Source: AuthdR @omposition based oman Hassel et al. 2016a.

3.3.3. Hinterland model

A hinterland model is developed to calculate the hinterland transpost from a selected terminal to
the NUTS European hinterland regionghe distance dat&’is required for the estimation of the cost
of the hinterland transport in which the distances from the available terminals in the ports to all the
hinterland regims are defined by including intermodal hinterland transportation, which means for
two different perspective§van Hassel et al. 2016a & 2016b & 2018): distances for the road
connections to the center of the hinterland regions (NZTi&gions) (ii) disnce for rail connections

0 The data is provided by Antwerp Port Authority (2014).
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and the inland waterway to the inland terminals. For the latter case, the distances from inland
terminals to the center of the hinterlahregions are also determined.
Figure 310: Hinterland regiong Europe in the model

Select a Hinterland

Select a Hinterland | Europa v

Hinterland with ports and inland terminals (rail and IWT)

Various sources havacquired the relevant distance data for road, rail, and inland waterway
connectionsTable 3.3lots the refereme source of each type of data.

Table 33: Source and hinterland distae data types

Type of Data Source

Inland waterway distances Euro Global Map Data (2015)

IWT Distance from the port terminal t Utilizing the shortest path algorithm over the inlar
the inland waterway terminal waterway network

Distance from inlanderminal to the Utilizing Google Maps algorithm
center of the region

Rail distance data Eurostat (2015)
Rail Distance from the port terminal t Utilizing the shortest path algorithm over the re
the rail terminal network

Road Distance from the rddrminal to UtilizingGoogle Maps algorithm
the center of the region

{2d2NDSY ! dzZiK2ND& O2YLRaAdAzy oFasSR 2y OFy |1 aast

In the hinterland model, the generalized costs of three modes of transportatiamely rail, road
and inland waterways (aere applicable)are computed based oBquation 3.4.

06 0006 6 Yz wE Y (Eq. 3.4)
In which:

GG = Generalized cost of the transport mode j [EUR/TEU]

OPG = Out of pocket cost of the transport mode j [EUR/TEU]

Ghanding= Handling cost [EUR/TEU]

U; = Total hinterland travel time of the transport mode j [h]
VoT = Value of time [EURZU h]
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The time cost is considered the total travel time of tliansport mode j includingloading time,
unloading time, waiting time due to the congestidturthermore the value of time is considered the
opportunity cost during transportatio®. Additionally, distance cost (such as fuel cost) is determined

based orthe actual moving through a hinterland transport mode and is added to the time(cast
Hassel et al. 2016a).

170 estimatethe cargo valuesh Q{ dzf f A @rbwlesanroveniemoof the values of cargo transported as a
function of the ports where cargo loading happens.
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3.4. Generalized Cost

Themodels mentioned abovare imperative to estimate the generalized chain cost in each [Gogp.
generalized cost is calculated in all the three maritime, port, and hinterland models in which these are
summed to aquire the overall chain cost.

Figure 311: Generalized chain cost

Hinterland
model

Generalized cost

To calculateéhe generalized chain cost (EUR/TEU) ftbepoint of origin(i) in the hinterland(A)to a
destination point(j) in another hinterlandB) the model takes into account various cost items. The
generalized cost is composed of two main elements (i) mogetant of pocket) cost and (ii) nen
monetary cost. The monetary cost of maritime transport includes operatjmoghge and capital cost

of the ship size, which is considered thehip's total costNext, the ouf-pocket cost'? includes
other costs béonging to the different chain cost elementi contrast,the nonmonetary part is the
monetized value of the time spent in the maritime journey and is related to the flexibility, service,
reliability, port information system quality.

Equation 3.%explansthe generalized chain cost calculation.
0GQ 00§ "Yrzwé Y (Eg. 3.5)

"O&; "= Generalized cost of container transport by ship size (i) traveling from port of origin (i) to the port of
de§tination (NEUR/TEU]

0 0 §=0ut of pocket cost [EUR/TEU]

“¥; = Total transport time from the point of origin (i) to the destinammint (j) [h]

@ ¢ "¥ Value of time of product type]KUR/TEth]

As explained, the chatompriseghree main segmentsiamely maritime, port, and hinterland
transportations. The costs of these parts should be considered in the nfedate3.12 draws the
MarSCand highlightghe relevant cat components in each segment.

20PG;isthe cost for performing the transport (in this case, hinterland, port, maritime, port and hinterland)
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Figure 312: Segments of thiMarSC

! Origin Hinterland (A) i ; Destination Hinterland (B) i
o o w Shipping Destination Port Final destination
[ Origin point (i) ] I [Begmnmg Port (1)] [ Trifieyiort ] [ 2) ] I [ 0) ]
(HINT, i, 1, A) (HINT, 2,j, B)

(PORT, 1, A) | (PORT, 2, B) |
{2dNDSY ! dzi K2NDRa O2YLIRaAlGAzy

E Hinterland transportation cost: This cost should be considered in tlosin leg. Thus, it has

two components:

A (HINT, i, 1, A): Cost of transporting the cargo from the origin point (i) to the beginning port
(1) in the origin hinterland region (A)

A (HINT, 2, j, B): Cost of transporting the cargo from destination port (2) to the final
destination (j) in the destination hinterland region (B)

Port process cost: This cost includes two elements:

A (PORT, 1, A): Partlated cost of the container in the beginning port (1) in the origin
hinterland region (A)

A (PORT, 2, B): Parlated cost of the container in the destination port (2) in the
destination hinterland region (B)

Maritime shipping cost:

A (MAR 1A, 2B): The maritime cost of transporting the cargo via sea from the beginning port
(1) in the origin hirgrland region (A) to the destination port (2) in the destination
hinterland region (B)The outof-pocket cost encompasses thearitime leg's operational,
voyage, and capital costs

By knowing all the three segments of the chd&iguation 3.5an bere-written as:

T

T

"O6hQ GG, i1, 4 GGorr, 1, & GCuar, 14 280 GGorT, 2.8 GGinT, 2.}, 8
(Eq.3.6)

Y Tunti, 1, & TeorT, 1, A TvAR, 1, 28t BoRT, 2,8 THINT, 2.}, B (Eq. 3.7)
Therefore, the oubf-pocket cost is calculated gretail based orequation 3.8:
00 @ =OPGinti, 1, A+ OPGorTL, A+ OPGuar1A, 28+ OPGoRT2, B+ OPGiNT2, |, B (Eg. 3.8)

Asindicated inEquation 3.5the nonmonetarypart ismonetized by multiplying the value of time and
the total transport time. The total transport time includes all the time consumekgrchain segments
from the originto the destination. Therefore, the model takes into account tbhkowing periods: (i)

the total transport time from a hinterland region (including a dwell time at an inland terminal for rail
or IWT) to a port, (ii) the dwell time of a container at a daeja port, (iii) the maritime transport time
and (iv) the inlandransport time at the destination hinterland.

51



Chapter 4: Economic impact analysis of installin§RAInder the
BWMConvention

4.1.Introduction

BW is necessary for the safe and efficient operation of shipping by satisfying the stability requirements

of a ship. However, the disposal of BW causasnful effects on the marine environment, which lead

to economic loss and negative impact on the ecosystem and human H{Balttid et al. 2007; Scriven

SG Fftd wnmpT [f28RQA wSI&AddiEeNBl7; Kuroslo & al/ 208 N2 S
discharge is a known higisk vector globallyChan et al. 2013and it is considered the main vector

of the introduction of Harmful Aquatic Organisms and Pathogens, which includesnbigenous
Species(Scrien et al. 2015; Rey 2018n shipping, organisms are transferred with BW{ank
ASRAYSyilaz IyR Gl OKSR(Davidetdl.R®7)a KA LJA W KdzZf t 2 NJ & ¢

IMO recognizing the importance of BW as a vedtas been striving for many years to manage BW
discharges through its Marine Environmental Protection Committee (MEP&)y et al. 2008).
Consequentlyto prevent and solve these problems, the International Convention for the Control and
Management of Sps' Ballast Water and Sediments (BWM Convention)aslapted in February 2004

by theIMO (IMO 2004; Jee and Lee 2017; Rey 2018 BWM Convention was ratified and entered

into force onSeptember 8, 2017 In theBWM Conventionshipsmusthave onboardand implement

an approvedBBWMPlan. Besides, a set of 15 guidelines regarding BW exchange, sampling, treatment
systems, risk assessments, and management plan provides technical guidance to support the
implementation of the convention's principlé€heng etl. 2019).

Exemptions are applied when a risk assessment (RA) based on the IMO G7 Guglatioestably

low risk.Several researchers and governments have analyzed and determined the viability-of a so
calledSRAo0 apply for this exemptionAn SRA ian exemption area within the BWM convention; in

this SRA, it is not necessary to treat the ,BW it can be loaded and unloaded anywhere within the
SRATNhere are grious definitions of SRA in the literatuccording tdDavid et al. 2013ermanent
exceptions from BWM requirements may apply when the uptake and discharge of BW occur at the
same location

Moreover, the shipping industry benefits from a larger location, as it avoids BWM requirements on
voyages inside each location while maximg the protection of the environment requires that the
same location be as small as possiflaus, it is not only about the size of the area but, more
importantly, on the same ecological statuAs a result, the same location may be of different
dimensons, including a mooring, port basin, port, anchorage, part of a sea, or even an entire sea with
numerous ports.However, Olenin et al. 2016mention that it would be more problematic if
exemptions from BWM requirements spanning large geographical aregs &eross national
boundaries, more than one regional sea).
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Saunders and Drillet 20kefined the SRA as "An area delimited by the high probability of natural
spread of target species that potentially present a risk ofib@sion via ballast wateérFurthermore,

SRA refers to an ardzsed approach for the risk assessment of aquatic invasive species that considers
the extent of natural dispersafStuerLauridsen, Drillet, Hansen, & Saunders, 2018} IMO

02y Of dzZRSR G KI G |y { wagreed§ebgzpiical @ba bRsSdfoh goBpetidn afa da | y

risk assessment carried out in line with these Guidel{fid® 2017; StueLauridsen et al. 2018).

This research aimto determine the economic consequences for a possible SRA in (part of) the
Netherlands and Belgium waters in which it takes an economic perspective and analyses the economic
effects of aBWM inSRATwo neighboring countries are selecteddausethese coutries host the

most important European ports, having a lot of despa and shorsea traffic and access to
information and dataMoreover, this chapter develops a new typology and dmstefit estimation

for SRA establishmentvhich can be applied worldde for all types of vessels based on BW
assumption.

Although there is a confrontation between the ecological and economic incentives of establishing an
SRAthe goal is not to evaluate the confrontation between economy andironmentin this chapter

Stil, the purpose is to develop a method that allows quantifying the economic viability of an SRA under
the condition that all the ecological requirements are fulfilled in the North Sea between the
Netherlands and BelgiunTherefore,this research studyassume that the ecological risk of the
considered portss assesse@nd complied with thdMO G7 guideline, and the results aecepted

for the exemption of BW treatment and establishment of SRénce, the biological point ofaw is
approved.

Theinvedigatedresearch questions are :

- Which ports and shipping routes can be selected and why?

- Which vessel types and ship sizes are affected?

- What are the costs and benefits of having an SRA? And in partietiar is the benefit for
vessel owners of using an SRA?

To determine the scope of the research, firstly, the main maritime locations and their characteristics
within the possible SRA are identifiethe SRA includes five Dutch and Belgian ports irsthdy,
namely Rotterdam; Zeeland Seaports (Terneuzen and Vlisstiigéntwerp; Zeebrugge, and Ostend

of the essentiabports within this geographic regidfrigure 4.1).

The maritime network within this geographic region is diverse. On the one handighesb seagoing
vessels (both bulkersnd containerships) come to ports within this geographic area; on the other
hand, many smaller inland ships operate within the padwards the hinterland. Rotterdam and
LSSt YR { SFLRNIA | NBI 48 NUWRWI A WE Qv § 8 aNETT & KIANIS
means the outgoing flows are more than or almost the same as the incoming flows. Based on the
definition of SRABW does not need to be treatedtife vessel movements occur between two ports

B1n this study, only the Zeeland seaportefneuzen and Vlissingen) arensidered, while th@ort of Ghent is

not considered in this research due tioe fact the salinity is high in this port which makes that most of the
available organic species in the water will be killed anyway. Therefore, the data is at the level of the Zeeland
seaports (Terneuzen and Vlissingen ports) and not at the level ofi ISed Port.
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from the samecountry. Thus, only the vessel movements are considered between either Rotterdam
or Zeeland Seaport on the one hand, and Antwerp, Zeebrugge, and Ostend on the other hand, and
vice versa.

Figure 41: Possible SRA area and ports
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The methodology applied in this research is the evaluation of the quantification of the economic
effectsof setting up an SRA two-step approach isised; First, the likely profit of having an SRA is
estimated. As the second step, the cost of establishing the SRA is computed, which ddslaing

the total net benefit.

The methodologyonsidershe characteristics of the BWM Convention of an SRAtaadnaritime
locations within the possible geographic area of an SRA.

This chapterincludes all three aspects of sustainabilitgnvironmental, economicand social
dimensions.Furthermore this research pertains to the UN SDGA® achieve theenvironmental
management of chemicals and all wastes and significantly reduce their release to air, water, and soil
to minimize their adverse impacts on human health and the enviroréveent SDGL14 ¢to manage

and protect marine and coastal ecosystems toidsignificant adverse impacbst

This chapter is based on the published paper by Mohseni et all. 20 rest of thechapteris
organized in the following way. Section 4.2 reports the literature reviegyarding BWM regulations,
exemptions, and treatmensystems. Section 4.3 explains the methodology. Section 4.4 presents an
overview of the collected data. Section 4.5 reports the obtained results on the benedisadifiishing

the SRA and discusses the sensitivity analyses. Section 4.6 provides thdizpgimraf the applied
methodology to other regions. Finally, the last section (section 4.7) outlinepritveary outcomes

and conclusions
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4.2. Literature review

The literature review is structured infour sub-sections Subsection IreviewsBWM regulationsThe

BWM Convention and other legislations applied worldwide to manage BW are discusse&tiere
section 2and 3explain the BWM exemption based on the BWM Convention. It deliberateRigie
AssessmenfRA) methods for grantingkemptiors and provides various samples of BWM exemption
around the world. Suisectiond describes the treatment systems and available technologies for BWM.
Finally, suksection5 presents an extensive review of the recent research and applied case studies
relatedto BWM.

4.2.1. BWMRegulations

The BWM Convention includéso performance standardsr BW dischargenamely DBl and D2.

The performance standard-Dis based orBW exchangewhile the standard E2 addresse$Ballast
Water Treatment Systems(BWTS)andit specifesthe levels of viable organisms that are allowed to
remain in the water after treatment-ollowing the entry into force in 2017, vessels whose keels are
laid on or after 18 September 2017 stuwcomply withthe D-2 standard(NEPIA, 2019Apart from
BWM regulation, other important legislatiofor instancethe European Union and The United States
Coast Guargdare implemented to manage tHBWsystem?,

Table 41: IMOBW management regulation

Regulation  Applicability Compliance schedule

The BWM The BWM Convention applies to all shif The BWM Convention will ente

Convention including submersibles, floating craf into force 12 months after
floating platforms, Floating Storage Uni ratification by 30 states,
(FSUs), and Floating Production Store representing 35 percent of the
and Offloading (FPSOs). It does notappl 4 2 NI RQa Y S NgK
ships not designed to carry BW/ships n tonnage. Once the BWNM
operating in international Convention has entered intc
waters/warships, naal auxiliary ships, o force, all ships will be require
other ships owned or operated by to manage their BW on ever
state/ships only on nomommercial voyage by exchanging ¢
service, orvesselswith permanent BW in treating it using an approvec
sealed tanks. Altesselsof 400 gross tons BWTS.
and above will be required to hav
onboard an approvedBWM Plan and a
BallastWater Record Bogkwhile vessels
below 400 gross tons will be subjected
national survey and certification regimes

Source: Own composition based on Lloyds Register 2016, IMO 2017, an@NEBPIA

Based on BWM Convention, an exemption may be granted to a ship on a voyage or voyages between
specified ports or locations or toveesselthat operates exclusively between specifigdrts orareas

Next to IMO, other regulatar such as European Uniamd The United States Coast Guard apply
different regulations to treat BW in their territories.

14 SeeAppendixA for further information regarding approach of BW in several regions around the world.
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Table 42: OtherBW management regulations

Regulation  Applicability Compliance schedule
European EU Regulation1143/2014 on It entered into force on 1 January 2015. T
Union invasive alien specie regulato/y dasSS1a G2 | RRN
regulations  (Regulation (EU) No 1143/201 invasive alien species comprehensively
of the European Parliament an protect native biodiversity and ecosystel
the Council on the preventior services, as well as to minimize and mitigate 1
and management of the human health or economic impacts that thes
introduction and sprad of &LJISOASa Oly Kl @Sad¢
invasive alien species).
The United All ships calling at US ports ar  Vessel Ballast Compliance date
States Coas! planning to discharge BW mu: water
Guard carry out BW exchange c capacity
(USCG) treatment in addition to All¢ Built onor  On delivery
regulations  sediment management. after 1
December 2013
New -
vessels Less than First sch_eduled
1,500n% dry-docking after

Builtbefore 1
December 2013

1 January 2016

1,500¢ First scheduled
5,000n? dry-docking after
Built before 1 1 January 2014
Existing December
Is 2013
vesse Greater than  First scheduled
5,000n¥ dry-docking after
Built before 1 1 January 2016
December
2013

Source: Own composition based on Lloyds Register 2016, IMO 2017, and NEPIA 2019

4.22. BWMand Risk Assessment

Risk assessment is a logical

process for assigning the

likelihood and consequénces

specific events, such as the entry, establishment, or spread of harmful aquatic organisms and
pathogens. Risk assessments can be qualitative or quantitatilecan be aaluable decision aid if
completed systematically and systematicdMEPC2017) Several principles need to be respected to
perform the risk assessmerds repoted in Tablet.3.

Table 43: Key issues in risk assessment

Key principle Definition
Effectiveness Risk assessments accurately measure the risks to the

extent necessary to achieve an appropriate level of protection.
Transparency evidence supporting the action

recommended by risk assessments, and areasoértainty are
documented and made available to decisimakers.

Consistency

Rsk assessments achieve a uniftytigh level of
performance
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Comprehensivenes: full range of values, including economic,
environmental, social and cultural, are considergaen assessing
risks and making recommendations.

Risk management Low-risk scenarios may exist, but zero risk is not
obtainable, and as suchisk should be managed by determining th
acceptable level of risk in each instance.

Precautionary Rsk assessnms incorporate a level of precaution
when making assumptions amédcommendationsaccountng for
uncertainty, unreliability, and inadequacy of information

Sciencebased Risk assessments are based on the best available
information that has beerollected and anaked using scientific
methods

Continuous Any risk model should be periodically reviewed

improvement andit isupdated to account for improved understanding.

Source: Own composition based MEPC 2017

In undertaking risk assessment when considering granting an exemption, the risk
assessment principles should be carefully applied.

4.2.2.1 Risk assessment methods

There are two fundamentallgifferent risk assessmerpproaches under theMBM Conventionthe
selective and thévlanket approach. A blanket approach means that all ships intending to discharge
BWin a port are required by the port State to conduct BWR comparisonthe selectiveprocess
means that appropriate BWM measures aegjuired depending on different risk levels posed by the
intended BW discharge.There are two cases, such as ghips may be exempted from BWM
requirements provided that the risk level oBAVdischarge is acceptable based on the G7 Guidelines
(ii) if the risk is identified as (very) high, ships may be required to take additionasunes based on
G13GuidelinegDavid and Gollasch 2015).

Regulation A statesthat an exemption may only be grantéddased on the guidelines on risk
assessment in GY¥Under G7three risk assessmeniethods are recommendedoncerninggranting
an exemptiorfollowing regulation Ad4.

Table 44: Risk assessment methods

Risk assessmer Definition Necessary data

method

Environmental It relies on comparing (i) Origin of the ballast water to b
matching environmental conditions discharged in recipient port, (ii

including  temperature  anc biogeographic region of donor an

salinity, between donor and recipient port and (iii) average anc

recipient regions range of environmental condition:
(salinity and temperature)
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Species
biogeographical

It is based oncomparing the
biogeographical distribution:
of nonindigenous, cryptogenic
and harmful native species the
presently exist in the donor ani
recipient ports and biogeographi
regions. It also evaluates
environmental  similarity anc
identifieshigh-risk invaders.

(i) records of invasion in the donona
recipient biogeographic regions an
ports, (ii) records of native or nen
indigenous species that could &
transferred through
ballast water in the donor
biogeographic region, (iii) records ¢
native species in the donor region thi
have the potential to affect
human health or result in ecological ¢
economic impacts

Speciesspecific

It evaluates the distribution anc
characteristics of individual targe
species, comparing thefeatures

(i) evidence of prior introduction(ii)
demonstrated impacts on the
environment, economy, human healtf

with the environmental
conditions within the ports in
question to determine the
likelihood of transfer and surviva
Source: own composition based on David @otlasch (20155aunders and Drillet (2016YIEPC (2017)

(iii) strength and type of ecologic:
interactions

Moreover, h 2015, David and Gollasatevelopeda framework for the risk assessment for the
exemptions of BW treatment.

Figure 42: Framework for the RA for exemptions

Species-specific RA

Is there any target species that could not easily
naturally spread from donor to recipient port?
Is there any target species in any of the donor
port(s) in higher abundance than in the
recipient port?

Is the target species in the recipient port under
a control or eradication program?

Yes => “High risk”

No => “Low risk”

Data quality

Is quality of data for RA good enough?
Yes => Conduct RA

No => “High risk”

Environmental matching RA

Salinity difference of donor port(s) and
recipient environment?

Low => proceed to Species-specific RA
<0.5 - >18 PSU => proceed to combined RA
<0.5 - >30 PSU => “Low Risk”

A4

\4

Combined RA

Is there any high salinity tolerant target
species in any of the donor port(s)?
Yes => “High risk”

No => “Low risk”

Decision
Low risk = Exemption granted
High risk = Exemption not granted

\ 4

Source: own composition based on David and Gollasch (2015)

Based on this framework, salinity is the only reliable parameter for the environmental matching RA

4.2.3.BWMExemption

The BWM Convention also includes provisions for cases where vdesatd need to manage their

BW (i.e., Regulation & Exceptions and RegulationdAExemptions{IMO 2007) Exemptions are
enabled when a risk assessment (RA), prepared according to the IMO G7 Guidelines, results in an
acceptably low riskt is specifidor a ship, or different ships, sailing only between specified ports or
locations.Exemptions are granted for up to five years but may be withdrawn if the risk becomes
unacceptable during this perid¢dMO 2007; David and Gollasch 2010; David and Goll&@4¢h @lenin

et al. 2016; Cheng et al. 201®egulation A provides exemptions so long as the exemptions are,
among other things, granted based on a risk assessitigantry et al. 2008)The application of an
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exemption or a permanent exception means thavessel is not required to install a BWTS, thus
avoiding capital and operational costs as well as burdens associated with certification and inspections
(David et al. 2013).

Vessel exemptions from BWM activities are often based on geographic designassnoging that
vessels traveling exclusively within these regions pose a reasonably low risk of transporting non
indigenous specief/erna & Harris, 2016The convention recognizes that ships trading in specific
locations and on voyages between certaintgamay be considered a nesignificant risk regarding
the transport of invasive species B, and therefore, the use of a BWTS may not be necessary
(StuerLauridsen et al. 20187 general exemption means that ships exclusively operating within the
desigrated area will be allowed to operate without the need to install BW treatment technologies.
Vessels that operate regularly or occasionally to and from an SRA will still need to trdzivthe
required by the BWM Conventiqilansen & Christensen, 201Bpsed on the relevant literature, it is
observed that most exemptions are developed nationally and regarded as intetiroh includes
exemptions for ships operating on fixed routes or short sea voyé@ksin et al. 2016)Table 45
plots some of thesex@mptions around the world.

Table 45: Exemption of BW in different countries

Region Exemptions

Canada Vessels operating exclusively in Canadian waskipsthat run soklyin the
Great Lakes / small research vessels/veseadtls permanent ballast anc
government vessels.

New Zealand The standard does not apply to BW that will not be discharged in |
Zealand waters/BW loaded in New Zealand waters/or emergency disct
of BW. New Zealand accepts discharges of, Bihich was either (i)
exchanged at sea in areas free from coastal influences, preferably 201
from the nearest landand in water over 200 m in depth (ii) is freshwat
(not more than 2.5 ppt sodium chloride) (iii) treated with a shipboi
treatment sysem; or (iv) discharged in an onshore treatment facility

United States Vesselsreoperating within a single Coast Guard zone/vessels which tr
no more than 10 nm without crossing physical barriers (éogks) / vessels
operating exclusively on ther€at Lakes; and / inland and seagostgps
less than 1600 gross registered tons.

Source! dzii Kedriddsition based on MAF 2005; Albert et al. 2013; ABS 2014; David and Gollasch 2015; Olenin

etal. 2016

Vessels are exempted from BWM requirements whenducting intracoastal voyages alongth the

U.S. West Coast partsowever, each U.S. Pacific coastal state has unique BWM requirefDentd

et al. 2013)The United States provida BWM exemption for vessels traveling within one USCG COTP
Zone and vessels on shatistance voyage@/erna & Harris, 2016frurthermore Canada provides an
exemption for ships that operate exclusively north of Cape Blanco, Oregon, or Cape Cod,
Massachustts (Transport Canada 2011; Scriven et al. 20A5)essel that discharges unmanaged BW

to British Columbia sourced north of Cape Blanco may influence the risk of species spreading to Alaska
given proximity and opportunities for anthropogenic or natureipegrsalVerna & Harris, 2016).
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4.2 4. BallastWater TreatmentSystems

Generally, the treatment processin be split ito three stagespre-treatment (to exclude as much as
possible solid material and bigger organisingeatment, and residual contradr neutralization which
is needed if there arany substances left in thBWafter the treatmentprocess (David and Gollasch
2015).Table 46 plots the treatment process and tHeadingtechnologies for theBW management

system.

Table 46: BW treatment process and different technologies

Pre Treatment Residual control
treatment Chemical Physical Biological
Filtration Chlorination UV radiation Bioaugmentation Chemical
with reduction
microorganisms (Neutralization)
Hydro Electro Deoxygenation
cyclone chlorination
Coagulation Ozonation Inert gas or
nitrogen
injection
Flocculation Chlorine dioxide Ultrasonic
treatment
Peracetic acid  Cavitation
Other active Fine filtration
substances Heat

Source: own composition based David and Gollasch 2015

BWTSsclassified into two main groups; namelyNipn-active substances systemich include UV,
Filtration, Deoxygenation, Heat and deoxygenation, and A@jive substances systenmghich
encompass Electrolytic, Advanced oxidation, and Ozin® 2018; US Coast Guard 2018; Gerhard et
al. 2019).Furthermore treatment systems foBWM are divided into porbased and shipboard
treatments (Tsolaki& Diamadopoulos, 2010). By definition, shipbdatreatment includesBW
exchange and onboard treatmerfurther divided into physical separation and secondary treatment
using mechanical and chemical meddse & Lee, 20}7

Onboard BWTSdiffer in characteristics such as costs, capacity, and metlggiollThese systems are
divided into three main categories and several salbegories(Marine Insight 2017)namely ())UV
systems which include (a) ultraolet treatmentand (b)filtration systems (physical}) (ii) Electrolytic
systemswhich consist of (a)@ustic (cavitation treatmentjb) dectric pulse/pulse plasma systems
(c) magneticitld treatmentand (d)Heat (thermal treatment), (iii) Chemicalnjection systemswhich
encompass (a)hemicaldisinfection (oxidizing and neoxidizing biocidespnd (b) e&oxygenation
treatment.

The main decisive factor if a vessel will have either an onboard or -ased BW system is
dependent on the yearly volume of ballakliig, Riggio, & Hagan, 2Q1King et al(2010) found that
a shorebased system is appropriate if a vegseicessesgess than 70,000 metric tons of BW per year
However, br shipshandling more BW per year, an-board system is better to use.

15Not only UV system, but could be categorized within multiple categories.
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Recent research by Gerhard et al. (2019) studied the total number and domieatment systems

in the United States and Australdased on this research, from 2007 to 2017, a total of 65 treatment
systems received Type Approval and were reported to the IMO. Furthermore, this research reveals
that the selection of the BWTS remaia difficult decision for ship owners because there is not yet
long-term qualityfeedback on the functioning of systems. The factors influencing these decisions can
vary in weight depending on shigwner, vessel size, operating region, and cargo requirements.
Besides, operation and maintenance costs are among the ordstal factorsinvolved in decision
making.

4.25. BWM- Researchand Case Studies

Many researchers have workeahd many case studies have been performed globally in recent years
related toBWM. Table 47 presents the objectives, approaches, and main results of saaly.

Table 4.7: Several studies on the BWM

Author(s) Objectives and purposes Methodology and approach
Barry et To explore four principles tha Two methods of assessing the risk
al. (2008) underpin risk assessment for natur species by BW are discussed:
resource management befori speciesspecific and (ii) environmente
evaluating two significant approache similarity assessments
to Ballast Water Risk Assessme
(BWRA).
David et To assess the quatt of BW A new generic Ballast Water Dischar
al. (2012) discharged as an essential element Assessment (BWDA) modehsed on
the decisionmaking process iBW vessel cargo operation and vess
risk assessment and management. dimensionsPort of Koper, Slovenia.
Chan et To characterize BW discharge Using BW transport in the Canadiar
al. (2013) patterns for different vesse Arctic as a case study
pathways / To identify ports a
relatively high risk of ballast
mediated invasions and thi
responsible vessel pathway.
Cope et Based on historic ballast survey dai A case study analysis: (i) quantifyil
al. (2015) BW transfer modeldnto Australian vessel traffic, (ii) hindcastingBwW
waters are constructed. discharge, and (iii) ranking th
BW discharge is modeled based ¢ associated risk of biological invasic
combinations of vessel type, vess into Australian waters
size, and destination port purpose.
OSPAR To provide a harmonized procedut The Harmonized Procedure is split in
and following Art. 13 of the Conventiol seven sections: Introduction; Pon
HELCOM for the issue of exemptions accordir Survey Protocol; Target Species; Di
(Helsinki  to Regulation A of the Convention Storage; Risk Assessment; Decis
Commiss Qupport Tool and; Administrative
ion) Procedures.
(2015)
Castro et To summarize the implementation ¢ (i) Design and area of study: 11,1
al. (2017) NORMAM20 (unilateral regulation) vesse$ in 39 ports/terminals betweer

of 10 years of enforcement (2045

2005 and 2015 (ii) Data collection: Da
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2015) in 39 ports along the Brazilie
coast.

collected from Port State Contrc
reports onBW

David et To assess and compaB&Vdischarge Information about BW discharge
al. (2018) profiles of two ports with other volumes and donor ports may b
maritime traffic and cargo profiles obtained with Ballast War Reporting
the Port of Hamburg (Germany) ar (BWR) or a Ballast Water Dischar
the Muuga Harbor, Port of Tallin Assessment (BWDAY.
(Estonia), for 2012.
Hansen  To apply the SRA concept to a spec To perform an initial reviewsing MIS
and area, including the Kattegat an databases and data portals to create
Christens @resund region between Denmai target list of species / To apply Sam
en (2018) and Sweden. RiskArea Assessment Model (SRAA
based on a Lagrangian approach.
Cheng et To identify the risk factors to measur A combined method of the Delpt
al. (2019) the risk level of ships and target higl survey and analytic AHP approach
risk vessed.
David Four routes covering intrAdriatic BWM RA model reswdin four different
and voyages and voyages from por risk levels. The BWM RA model w
Gollasch outside the Adriatic Sea are select¢ tested using shipping tdes with ports
(2019) to explain BWM RA using practic inside and outside the Adriatic
shipping examples.
Kuroshi  To develop a methodology to mana¢ A combination of the Human Factc
et al. the likely operator error that coulc Analysis Classification System (HFA!
(2019) result from BWM System operation Analytic Hierarchy Process (AHP), an

which can gquantitatively assess ar
prioritize the contributions of Humar
Factors (HFs).

modified version of the Theory ¢
Inventive Problem Solving (TRIZ)

Source: Own composition basedreported references

Based orTable4.7, a large variety ofesearch has been performed under the subject of BWM and on

different case studies. Several models and frameworks are developggssess species' invasion risk

by BW in the sea. It is observed that the source of B\ wessel characteristics are among the
essentialdecisive elements for the selection of the risk factor and assess the level of risk related to
BW. Moreover, the vessel's operational aB¥V discharge behavior has shown the best correlation
between the vesel's cargo operation and the DWT. BW discharge has been considered tvae

most important topics and has been assessed by several authors. It is found that the identification of
donor ports is crucial taeterminethe level of risk posed by thBWto be dischargedBesides BW
discharge is modeled based on combinations of vessel type, vessel size, and destination port purpose.

The majority of existing literature considers the ecological assessment of the BWM Convention;
however, to the best of the autidDad |y 2¢f SR3ISE | fyz2ad y2yS 2N |
evaluation of BWM in particular SRA from an economic standpoint. As the introduction of harmful
aquatic organisms and pathogens to new environments was identified as one of thenfusir

significamll G KNBFda G2 GKS 62NI RQa 20SI|I ya roloalyfrooh nHMO X
an ecological viewpoint andut more importantly, from an economic evaluatiorherefore, the cost

benefit analysis of prospective BWM exceptions is examinedhapter four as the concept of
establishing a SRArom an economic standpoint.

16 BWDA does not identify the source of BW. In the lack of B@fRjessels that have been assessed by the
BWDA to have discharged BW, here, the last port of call was taken as the BW donor port. This approach is based
on experience on BWDA studies conducted for the Port of Koper (Slovenia) where BWR is introduced.
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In the next section, the applied methodology to calculate the cost and benefit of the SRA is explained.
Besides, the typology of vessels that could benefit from the ®igéther with the estimation of their
BW consumptionis defined.
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4.3.Methodolgy

The applied method to assess the introduction of the SRA includes two main parts. First, the potential
benefits of the SRA are quantified.the second step, the cost of the SRA is appraised. Consequently
the total net benefits are computed based on the costs and bendfits methodology is elaborated

on more extensively in the following sections.

4.3.1.Benefits of the SRA

The main baefit of having an SRA thesavedoperationalcostfor the vessel owners not to treat the
BW. First, a definition of the vessels operating in the SRA is needed to calculate this.feeedindly,
the two main options to treat th&Wneed to beconsiderel. Based on this, a typology of vessels in
the SRA and thprimarycalculation method of the benefits can be determined.

Definition of the vessel operations

If a vessehasa complete trip in an SRA, then tBV for that trip is not required to be trated *'.
However, mostshipsthat sail into the defined SRA will also sail outside this 8RAeans thata
potential benefit could be obtained only for the trip in the SR&ssels sailing from outside the SRA
into a port of the SRA still need to have ithBWtreated. It means that, from the perspective of an
SRA port, three different types of vessel operations are possible:

- Vessels sail from outside the SRA to a port in the SRA.

- Vessels sail from an SRA port to another SRAdrthe previous port of call was outside the
SRA. An example here could be a container vessel calling firstly in Hamburg, secondly in
Rotterdam, and finally in Antwerp.

- Vessels saffom an SRA port to another SRA port, but the vessel is always opatafibase
areprimarily small vessels such as service vessels, fishing, and offshore vessels (which sail from
an SRA port to a location at sea and return to the same port).

Typology of vessels in an SRA and their ballast water consumption

There is a extensie range of different vessel types sailing in the studied SRA. Based on the insights
obtained in the previous sections, the main typology of vessels calling at an SRA port that could benefit
from the SRA is defined and illustrated igufe4.3.

171f a trip is between two ports in the same country, then alsdBWneeds to be treated, due to the definition
of the BWconvention (the US is an exemption on this rule).
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Figure 43: Typology of vessels that could benefit from the SRA
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The vessels that are sailing only in the SRA are small. These vessel types include tug boats, pilot vessels,
etc. These vessetgpicallyhave aminimalBWcapacity. Tug boats and pilot boats, which are the vast
majority of the ships permanently sailing in the SRA, do not have any water ballast. For fishing
vessels/trawlers, also only a limited amountBWVis present. Thereforehe benefit of not treating

the BWfor these vessels is very low. Thenefitis hence estimatedt zero.

An additional calculation needs to be made for vessels vather than 70,000 tons yearly BW
consumption'® The choice has been made to estimate anrage BW consumption based on the
statistics of the world fleet and the total worldwide seaborne tra@e total BW consumption can
be calculated based on the worldwide trade volume

David and Gollasch (201&gtimated thatroughly 33% of the total worldigde trade volume in tons is
used as BW by taking different ballast factors into accoEmtmUNCTAD (2017}, is found that in
2016,10,287hillion tons of cargo were transported. This means that 3,394,710,000 toB¥\bfere
consumed in 2016. To determine tiBY consumption per vessel group, the shares of each vessel
group are multiplied by the totaBW consumption. Table 8.plots the fleetdata along with the
calculated BW consumption.

Table 48: Statistics of the world fleet and ballast consumption per vessel group

Vessel type Total capacity [dwt]  Share [%] BW consumption
[ton/year]

Tankers 534,855,000 28.7% 974,281,770

Bulkers 796,581,000 42.8% 1,452,935,880

General cargo 74,823,000 4.0% 135,788,400

Container vessels 245,609,000 13.2% 448,101,720

Other

Gas carriers 59,819,000 3.2% 108,630,720

Chemical tankers 43,225,000 2.3% 78,078,330

18Because no data is available at port level about the BW consumption per tygssetome calculations are
needed to estimate the average BW consumption.
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Offshore 77,490,000 4.2% 142,577,820

Ferries 5,896,000 0.3% 10,184,130
Other 23,554,000 1.3% 44,131,230
1,861,852,000 100% 3,394,710,000

Source: Own calculations based on Data from UNCTAD (2017)

It is observed from Table 8that in 2017, 85% of the total world merchant fleet consisted of oil
tankers, bulkers, and container vessels. These thessel groups are also responsible for 85®\Wf
consumption.More detailed vessel data is needed to calculate the average ballastiocgation per
vessel typeFromvan Hassel (20)/detailed fleet data is available for tankers, bulkers, and container
vesselsDifferent vessel types are available for each vessel grouprendumber ofships(columns 1

to 3in Table 4).

From the wejhted share of each vessel type (column 4), it is possible to calculaB\censumption

for each sukgroups of vesseld If the total BW consumption per vessel type is known, it is possible
to calculate the average yearBW consumption per yearTable 4.9 shows the results of the
calculations.

Table 49: Yearly BW consumption per vessel type

Average| Number BW per
TANKERS DWT (1) capacity of Weighted vessel
(DWT) | vessels | share (4) (tonlyear)
2 3 ®)
Product tanker 10,00660,000 30,000 1,315 8.7% 64,680
Panamax 60,00080,000 | 70,000 | 546 8.5% 150,921
Aframax 80,000120,000 | 100,000 | 1,113 24.6% 215,602
120,000
Suezmax 200,000 160,000 | 528 18.7% 344,962
200,000
VLCC 320,000 260,000 | 606 34.9% 560,564
320,000
ULCC 550,000 435,000 | 48 4.6% 937,867
BULKERS
Handysize 10,00035,000 | 22,500 | 2,070 9.1% 63,543
Handymax 35,00060,000 | 41,500 | 3,243 26.2% 117,202
Panamax 60,00080,000 | 70,000 | 1,773 24.1% 197,690
Cape size 80,000 80,000 | 2,615 40.7% 225,932
CONTAINERS
Small Feeder 1,000TEU 1,000 948 4.6% 21,921
1,000 2,000
Feeder TEU 1,500 1,283 9.4% 32,881
Feeder max 2,0003,000TEU| 2,500 673 8.2% 54,802
Panamax 3,0005,000TEU| 4,000 920 18.0% 87,684

19The total BW consumption for containers, bulkers and tankers are known from Table 4.8. If it is applied the
weighted share of each vessel sub group, then the total BW consumfpti@ach of these sub groups can be
calculated.
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5,000:10,000
Post Pananmax | TEU 7,500 1,071 39.3% 164,407
10,000614,500
New Panamax TEU 12,250 | 265 15.9% 268,531
Ultra large 14,500TEU 14,500 | 64 4.5% 317,853

Source: Own calculations based on vessel data from van Hassel (2017)

It can be seen that five vessel types have, on average, a Aftpnsumption of fewer than 70,000

tons per year. These vessel types are; (i) Product tankers (DWT< 60,000 tons); (i) Handysize bulkers
(DWT < 35,000 tons); (iii) Small feeder, feeder and feeder max container vessels (all container vessels
smaller than 3,00 TEU capacity). Based Statista (2018ata, the total number of general cargo
vessels, gas carriers, and chemical tankers for 2017 is obtained. Therefame, vbssels' yearly
average BW consumptiotan be computed by dividindne total BW consumptio (obtained from

Table 48) by thenumber ofships

Table 410: Total number and average BW consumption of general cargo, gas carrier, and chemical tankers

Type of vessel Total number Total BW consumptior Average BW consumptiol
of vessel [ton/year] [ton/year]

General cargo 16,957 135,788,400 8,000

Gas carriers 1,850 108,630,720 58,720

Chemical tankers 5,418 78,078,330 14,410

Source: Own calculations based on Statista 2018

As a result of dbles4.9 and4.10, all the vesseltypes tha consume less than 70,000 terfBW per
year are given iflable4.11. It can be concluded thatccording tKing et al. (2010jhese vessels can
be considered vessels that can use sHoased BWTS. To quantify the benefits of using the shore
based BWTS, the average BW consumptiora trip between two SRA ports needs to be known. This
BWconsumption is estimated based on the following formula:

BW;j x= (Eq. 41)

TheBWconsumption per trip between two SRA ports (ByfTons/trip]is calculated by dividing the
yearlyBWconsumption (YBWC) by an average number of dimral days per year for the different
vessel type¥. The average time needed for such a trip is more or less one day (colufine3jesults
are plotted in Bble4.11.

Table 411: Overview of vessel types that could make aéshorebased BW systems

Vessel type Size of the Yearly BW consumptiotr BW consumption in port >
vessel (1) [tons/year] (I1) (tons/SRA trip) (111)

Product tanker <60,000 dwt 64,680 258.72

Handy size <35,000 dwt 63,543 254.17

Small feeder <1,000 TEU 21,921 87.68

20The authors lack more detailed data for the actual operational days of the different vessels. Therefore, an
estimation of 250 days per year is used for all vessel types.
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Feeder <2,000 TEU 32,881 131.53

Feeder max <3,000 TEU 54,802 219.21
General cargo All types 8,000 32.03
Gas carriers All types 58,720 234.88
Chemical tankers All types 14,410 57.64

Quantification of the benefits

Based on the developeagpology; it is possible to calculate the benefits for each vessel calling at an
SRA port. These benefits come from the saved cost for the vessel owners not having to treat their BW.
Because vessels that operatainlyin the SRA are relatively small, mo$ these vessels will have a
yearly BW consumption of fewer than 70,000 tons. Therefore, for the small vessels, the main benefit
will come from the saved operational cost of not having to use a shased system. These yearly
benefits can be quantifieds follows:

3 n
Benefit,.,x =a ( & BW,. 0Q)) (Eq. 4.2)
IEREN

With

Benefitsmai, x = yearly benefit of not needing to treat their BW for small vessels, calling at port X, sailing
continuously in the SHEUR/yeaf

j = number obmall vessal (from tugs to offshore supply vessels) that sail between two SRA ports

n = number of ships of each small vessel type sailing in the SRA

BWj, x = BW consumption for vessel type j in pditbr/year]

OG= operational cost for BW handling for vessekty. These costs are estimated at [ER/R/tor} 2.

The benefits of the other types of vessels can be quantified as follows:

5 m
Benefit,,..x =a ( al BWx. 0G))) (Eq. 4.3)
k=1 j %
With
Benefitomer, x= yearly benefit for vessels sailing only partly in the [ERR/year]
k = number of main other vessel types (bulk carriers, dry cargo vessels, etc.)
m = number of ships of each vessel type with a yearly BW consumptémeothan 70,000 tons (i.e., t&kers <

60,000 DWT, bulkers < 35,000 DWT, container vessels < 3,000 TEU, all general cargo vessels, gas carriers, and
chemical tankers).

21 Based on interview with Damen (281 this value is assumed constant in all the SRA ports in this chapter.
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4.3.2.Cost of the SRA

Besides thédenefit of the SRA, some costs are related to installing and possibly also maintaining the

SRA. The cost of establishing the SRA is determinapdbying for an SRA exemption at the IMO while
maintaining the SRA includes the cost of checks by personseviml the vessels on whether they

comply withSRA rules. These checkgale validatingif a specific shighas a previous port of call

inside the SRAFor the cost of the SRA, there is an initial introductioncostefz nnnZnnn 0 &SI
the total SRAThe yearly maintenance cost of the total SRA2B0,000 per yea(Csra, yearyy Which

involves2 y F @SNIF 3S M C¢9 LISORJed yeamNdtiplids dijtwo SodmyfiésNahd 6 € T p =
L322 NIl & dzNBSe oepnInnn LISNIJ &SI Ndthe ptefakatory @eetingsy | G A 2 y
papers, regulationgnvasive species monitorirgccording to OSPAR HELC@mtocol (OSPAR and
HELCOM015),reporting, andemergencies, including theequired personnel. The setup cost of the

SRA is the cost of arrangingtBRA at the IMO and the local governments.

4.3.3.The total net benefit of the SRA

The total net benefit per year of the SRA can be determined with the folloggogtions:

5
Beneﬁgear = a %RA X © CSRA year (Eq- 4-4)
x=1
. _Benefit,, (1)
NPV =3 [—Et]
=0 (1+1) (Eq. 45)
With

Benefityear= yearly benefit [EUR/year]
Bsra= total benefit (saved cost) [ElyRar]
Gsra, yearl= Yearly maintenance cost of the SRA [iyei]

Benefityear (t) = net benefit in year t [EUR]

t = year

r = discounting factor (4%)

n = maximum life span of the investment in the SRA (10 years in this case)
NPV = net present valjEUR]

If the benefits of the SRA are larger than the cost of maintgiitie SRA, a positive total net benefit
can be obtained. Therefore, it can be concluded that it is possible to set up an SRA
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4.4.Data collection

This section describes and presents the data collected from the five different. pidms five
consdered SRA ports provided data concerning the number of vessels calling at their ports. For each
of these vessels, the previous port is knoandthe type and size of the vessél

4.4.1.Data for small vessels sailewgirely in the SRA

Based on the typology madie Fgure4.3, thenumber of vessels calling at an SRA port with a previous
call in a foreign SRA port is counted. These values are shoable?TL2, along with the total number

of vessel calls and the relative share of vessaliling purely in the SRA to the total numbesloips
calling at the respective ports.

Table 412: Number of small vessels calling at an SRA port with a previous port call in another country

Port Number of small Total number of Share SRA vessels relati
vessels ol in vessel calls to the total number of calls
SRA

Antwerp 29 14,191 0.20%

Zeebrugge 82 8,378 0.98%

Ostend 137 18,588 0.74%

Rotterdam 62s 30,588 0.20%

Vlissingen/Terneuzer 106 7,915 1.34%

Source: Owigomposition based on the port of Antwerp Authority (2018), the port of Oostende (2018), the port
of Rotterdam Authority (2018), the port of Zeebrugge Authority (2018), Zeeland Seaports (2018).

From Table 4.2, it can be seen that there are only very few vessels that sail purely in the SRA. Most
of the shipssailing in the SRA and coming from a foreign port are pilot vessels and tuglasats.
especially the case for the port of Ostend and Zeeland Seaposts tidé relative share is minor for

the total number of vessels calling at the five poftss an indication that the totgbercentageof BW
consumed for these vessels is small.

221f the size of the vessel was not directly given in gross ton (GT) or DWT, these values were obtained via either
estimations of the length of the ship or, if only the name were knpthie GT and DWT values were collected by
making use of Marine Traffibttps://www.marinetraffic.com
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4.4.2 Data for vessels using shdrased systems

The number of vesselssingshorebased systems to treat the BW is calculated based on the same
data sourcesThe results are plotted inable4.13.

Table 413: Number of vessels, which would make use of a staged BW systencalling at an SRA port with
a previous port call in another country within SRA

Vessel type Size of the Ports
vessel
Rotterdam Zeeland Antwerp Zeebrugge Ostend
seaports

Product <60,000 dwt 698 538 14 282 0
tanker

Handy size <35,000 dwt 8 15 12 0 0
Small feeder <1,000 TEU 63 18 51 0 0
Feeder <2,000 TEU 97 1 31 0 0
Feeder max  <3,000 TEU 102 4 181 3 0
General cargo All types 146 164 226 51 6
Gas carriers  All types 0 75 1 20 0
Chemical All types 13 169 492 3 6
tankers

Source: Own composition based the port of Antwerp Authority (2018), the port of Oostende (2018), the port
of Rotterdam Authority (2018), the port of Zeebrugge Authority (2018), Zeeland Seaports (2018)

Based orthe obtaineddata and explained equations, the tbtzenefitof vesselsailing inthe SRA and
the total net benefitof the SRA are computed. Tfalowing section analyzes the results in detail.
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4.5.Results

Theapplied method and data collection resuéts2 built from three different perspectives. First, the
benefits of the vessels navigating only in the SRA are discussed. Second, the benefitshifghe
between foreign SRports (sailing partly in the SRAhat would useshorebased BW systems are
explained.Third, the total net benefits of the SR¥e givenbased on sensitivity analysis fepecific
input parameters

4.5.1.Benefits of vessels sailiagtirely in the SRA

The benefits of introducing an SRA for vessels purely sailing in aar&Bgtimated to be zerdvost

vessels navigating only in the SRA do not have any or very limited amounts of BW, considered mainly
service vessels such as tug boats, pilot baatd spedal purpose vessel§econdly, the relative share

in the total numberof suchshipscalling at the different ports isiinimd. Thereforehaving an SRA is

no benefit for these vessel typeBurthemore, for these vessels, there is no cost of installatiom of
BWTS

45.2. Benefits of vessels sailing partially in the SRA

For all the vessel types sailing between foreign SRA ports and which will usebsisedBW systems,

the benefits (saved cost of nesingthe shorebased system) are calculatétand shown in detaih
AppendixA. Table4.14 plots the overall benefits of each port within the SRA. As can be seen, the total
benefit by setting up an SRA for all the vessels calling at Dutch@arts >~ n pisvhigleeythao the
total benefit for the vessels calling at the Belgianpdrts MZ H)y p Zn nn

4.5.3.Total net benefits of the SRA

The total net benefit of the SR#calculated withequation 4 For the cost of the SRA, there is an initial
introduction cost o H X n n at Year® for the total SRA. The yearly maintenance cost of the total
SRAis H n n penyear. This estimation includes all the costs for the preparatory meetings, papers,
regulations, invasive species monitoringccording to OSPAR HELCOM protocol, temprand
emergencies, including the required personnel. The yearly discounted net benefits of the SRA are
given in kgure4.4.

2 For the calculation, it is assumed that the total port time of a vessel, using a-shsesl BW system, is not
affected.
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Figure 44: Yearly discounted net benefitRR
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After ten years, the total net benefk & € H ¢ 2vhichd&ansahatt is economically worthwhile
to introduce the SRA based on the assumed.dd® calculations index the yearly cogt2% to cover
inflation. Theannualbenefits are taken as const&ftTable4.14 gives the total benefitper year for
the fixed handling cosif shorebasedBW (7.58JRton) for all fiveports.

Table 414: Total yearly benefit of the SR¥ased on Handling cost of [7ERRton]

Port Rotterdam Zeeland Antwerp Zeebrugge Ostend Total value
Seaports

Total benefits 1,715,164 1,336,517 680,496 600,909 4,035 4,337,122

[EURyeaf

The total estimated benefit of th¢ w! A & € n X o oltrnZeans that fodSHeIgide$ coNIF

AyadlrttAayd GKS {w! FyR GKS 34 JiS gh ecdomit bedefit@i v 3

installing the SRA.

24Due to the fact that ndorecasts are available for the number of vessels calling at the different SRA ports,
the yearly benefits are assumed to be constant.
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45.4. Sensitivity analysis

The sensitivity analysis in this research includes three parts. First, the outcomes of applying various
handling costs for the BWTS are assessed. Second, the sensitivity conceregtignent and yearly
maintenance costgs evaluated. Third, the results rcesponding to the change in the BW discharge
volume are estimated.

Sensitivity analysis of handling cost

A sensitivity analysis is performed to appraise the effect of applying different handling costs for BW
treatment. A variation is considerdaetween 5 [BJRton], 7.5 [BJRton] and 10 BJRton]. Figure4.5
plots the impact of using a different cost to treaV.

Figure 45: Impact of varying cost for handling water ballast with shbased system&EJR
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It can be observed that for a lower cost for treating the BW, a lower net benefit tdteyears
OeMcITNHITYPO Ad 200FAYSR® 2KAfST F2NJ I KAIKSN
0 € 0 C Z H dVloréowmen, the tdtal yearly benefit of having the SRAomputed for all the ports in

sensitivity analysis anglotted in Table4.15.

Table 415: Total yearly benefit of the SRA based on different costs to treat BW with a-Bheesl system

Port Total benefits per year [EUR]
Handling cost of [E Handling cost of [7.£ Handling cost of [1C
BURton] BJURton] BURton]

Rotterdam 1,143,443 1,715,164 2,286,885

Zeeland 891,012 1,336,517 1,782,023

Seaports

Antwerp 453,664 680,496 907,328

Zeebrugge 400,606 600,909 801,213

Ostend 2,690 4,035 5,380

Total value 2,891,415 4,337,122 5,782,829

As can be seen from the results, the total benefits of the SRA fesmmged LILINE EA Y| (i Stbé e H Iy «
€ p Ty H Xy@an fihe hdBeits are determined by the cost savings for vessel owners not needing
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to use the shorébased systems in the respective ports. Tinast significanpart of these cost savings

is obtained by vessel owners calling in Rotterddnmeans that thee are more vesss| which most
likely will be making usef shorebased systems, sailing from a Belgian port to the port of Rotterdam.
The benefits for the vessel owners at the ports of Zeeland Seaports, Antamtp£ebrugge are
roughly the same. Howevgthe potential benefits obtained in the port of Ostend are negligible.

Sensitivity analysis of investment and maintenance cost

The sensitivity analysis concerning tBRA cost depends on both the investment cost thredyearly
maintenance costlable4.16 reports the results of the net benefits for varying values of investment
andannualmaintenance costs.

Table 416: Impact of SRA cost changes on net benefits

Investment The yearly maintenance cost SRA [EUfRear]
cost of SRA" 200,000 500,000 2,000,000 2,500,000 3,000,000 3,500,000 4,000,000
[EUR]

500,000 27,482,812 25,263,640 14,167,781 10,469,161 6,770,542 3,071,922  -626,697

1,000,000 27,145,029 24,925,858 13,829,999 10,131,379 6,432,760 2,734,140 -964,479

2,000,000 26,469,465 24,250,294 13,154,435 9,455,815 5,757,196 2,058,576  -1,640,044
4,000,000 25,118,337 22,899,165 11,803,306 8,104,687 4,406,067 707,448 -2,991,172
5,000,000 24,442,773 22,223,601 11,127,742 7,429,123 3,730,503 31,884 -3,666,736
6,000,000 23,767,209 21,548,037 11,803,306 6,753,559 3,054,939  -643,681 -4,342,300
8,000,000 22,416,080 20,196,909 9,101,050 5,402,430 1,703,811  -1,994,809 -5,693,429
10,000,000 21,064,952 18,845,780 7,749,921 4,051,302 352,682 -3,345,937  -7,044,557

It can be concluded that the net benefits are above zero as the yearly maintenance cost is less than
ennnnInnn LISNI 8SFN YR (KS Ayg@gSadtdyYSyséanteald Aa
interpreted as the maximum values of the establishment and yearly maintenance cost for the SRA.

Sensitivity analysis of change in ballast water discharge volume

Several reasons can be consideredhange thd8WconsumedIt can either be causelly an increase

in the number of vessels, which wikeshorebased systems to proceBdV, calling at the SRA ports,

or by a change iBWconsumption of the considered vessels. @ifterencein BWvolume will impact

the net benefit of the SRAigure4.6 shows the impact of a percentage change in ballast volume
handledinthed2 Yy A RSNBR {w! LI2NIa ¢AilK Layeafywhintehghé@Sa i yYSy
O02aid 2 7F,amdm BW tfeatment cost of 7.5 Euro/ton.
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Figure 46: Impact of a change in BW volume on the overall net benefit (Euro)
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If the total volume of handled BW increases, the net bendfimeag2 T NBY eHcZncdhznnn Ay
OFasS &a0Syl NA2 ineremeraBW nouthéhereases by F0%iiHGWEever, for a decrease

2F Ttm: 2F GKS .23 GKS ySi o0SySTAadGa oAttt RSONBIF &€
Based on the results, it can be concluded that on average, 186 increasén handledBWvolume,

the net benefits will increaseé € € H doo \&ce1 versa)Furthermore evenwith a decrease of 70%

of the BWvolume in 2017anet benefitstill can be obtainedand the SRA is economilyaliable.
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4.6. Generalizatioand application to other ports/regions

Several remarks should be consideredetdend ths chapter's concept and methodology other
regions in the world, whicls plotted in Figured.7.

A First, the chosen ports need to be in the same geographicat @&eather words, the ports
located in the neighboring countries should be selected. The decisive factor of this issue is
based on ecological researathich requires to be performed to figure out the spread of local
species in each region.

Second, the local regulations of each ctwyrshould be considered. Taking Australia as an
example, it is not allowed to treat any ballast water in the domestic ports.

Third, extensive data should be gatheradch as the type and size of ships calling at each
port, the prior port of call for eah vesseland the yearly amount of ballast water consumption
of each vessel.

The fourth step obtains the total net benefiy estimating thecost and potential benefit of
establishing an SRA.

Figure 47: Generalization steps
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exempt the
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sailing within the SR#&re obtained based oiq. 4.2, Eq. 4.3, EqQ. £4uations

The benefit for small vessels will be the reduced operational costs of not needing to employ a shore

based system.
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4.7.Conclusion

BWtreatment is vital if the vessels sail internationally ama@ SRA igefined according to the BWM
Convention. An SRA is determined as an area wBEvéreatment can be exemptedand it can be
loaded and unloaded anywhere within this SRA in which there is a lower, or no, ecologic risk that
potentially could be a threat tde native species.

There is a confrontation between the ecological and economic motivesstblishingan SRA.
However, in thischapter, the objectivewasnot to assess the confrontation between economy and
ecology Still,the purposewasto develop amethod that allows quantifying the economic viability of

an SRA under the condition that all the ecological requirements are fulfilled in the North Sea between
the Netherlands and Belgium.

This study providd an overview of the economic effects of an S&a&mption from theBWM in the
region. The main objective of thissearchisto analyze the economic costs and benefits of an SRA
surrounding the five ports withirhe Netherlands and BelgiumamelyRotterdam, Zeeland Seaport,
Antwerp, Zeebrugge, and Osig

Thischapter answeredhree research questiong(i) which ports and shipping routes can be selected
and why?(ii) which vessel types and ship sizes are affected? and/ki#) are the costs and benefits
of having an SRA? in particylathat is the benefit for vessel owners of using an SRA?

Two neighboring countries, i.e., the Netherlands and Belgium, are considered to reply to the first
guestion Thesignificantseaports in these countries were selected as they ptegssentiatole in the
MarSCfrom a national andnternational perspectiveThe second question was responded by
providing a diagram athe typology of vessels based on their types and the maximum annual BW
consumption. To answer the third question, a methodology ietiged based on the cost and benefit

of introducing an SRAvhich provides the total net benefit for the vessel owners.

Based on the obtained results of the calculation of costs and benefits of the SRA, it is concluded that
the total benefit for the vesde only navigating in the SRArisignificantbecausehese vessels carry

a minor amount oBW. Besides, the relative share of these vessels compared to the total number of
shipscalling at the different ports iminor. For thevesse$ sailing partiallyn the SRA (the vessels
navigating between foreign SRA ports), the results show that tetadfits forall types ofhips calling

at the DutchSRA portgRotterdam and Zeeland seaports) are higher than all the vessel types calling
at the Belgian portsAntwerp, Zeebrugge, and Ostend).

The total estimated benefit of the SRA (the sum of Dutch and Belgianbports & € n 00T ZMHH
After ten years, the total net benefascertainghat it is economically worthwhile to introduce the
SRA based on the assumed costs of investment, maintenance, and handling of-basent&WT.S

Three cases of sensitivity analysisre performed in this research, namely variation in the handling
costs for he BWTS; alteration of investment and yearly maintenance costs; and change in BW
discharge volume.

The results present that for a lower handling cost of the BW treatment, a lower net benefit is observed
while, by increasing the handling cost, the net bisewill grow.

Furthemore, It is derived that the peak rates of the investment cost and yearly maintenance cost for
2001 AYyAYy3 GKS LRAAGAGDS ySi 0SySTraspettiveyF (GKS { w!
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By altering the BW amount, it is observedthwvith a 1% increment in the treated amount of BW, net
0SYSTAlGa oAff AMOGINS, byirSducing this veldmme Iosi7 0% of B/ volume in
2017, the establishment of the SRA is stibnomicdly viable
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Chapter 5Economic evaluation of alternatitechnologies to
mitigate sulfur emissionsn maritime container transport from both
the vessel owner and shipper perspective

5.1. Introduction

The transport sector is one of the biggest energy consumers, resulting in over 26.6% of total energy
consumption globally and 33% in Europe, and as a result, it is one of the biggest air polluters with a
continuing growth projected by the European Comnaisgp, I Fkishet/al2018. Emissions from the

marine transport sector contribute significantly to air pollution and climate ch@dlMgeeno-Gutiérrez

et al. 2015)Maritime shipping iconsidereda significant source of G@missiongCorbett et al. 2009;

Dai, Fu, Yip, Hu, & Wang, 2018; Psaraftis & Kontovas, 2010; Schwartz et al. 2020; Sheng, Li, Fu, & Gillen,
2017; hung Lai et al. 2013)

Shippings estimated to cause about 3% of the total global carbon emisgiBagpean Commission,
2013; Smith et al. 2014; Kitada and Olger 2015; Dai et al. 2018; Schwartz et al. R820%s,
international marine shipping issignificantcontributor to nitrogen oxidg(NQ,) andsulfuroxide(SQ)
emissions, representingsare of 13% and 12% of global emissjoespectivel(IPCC, 2013; Stevens
et al. 2015. Different international organizations (i,eIMO) and institution policies impose
international environmental standards on their member states to limit the emissfagreenhouse
gaseqSys et al. 201%3¥sinternational maritime legislation is shifting towards lower levels of permitted
exhaust gasulfur oxide emissions from shigkahtinen 2016).The current and possible future US,
European, and Asian ECA zones éoéed in Figure 5.1.

Figure 51: Existing SECA and NECA and future ECA
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Source: M\NDiesel & Tuso 2016
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New and existing regulations derived from theternational Convention for the Prevention of
Pollution from Ship§MARPOL) affectinthe SO emissions from ships are summarized in T&hle

Table 51: MARPOL Annex VI mariex emission reduction areas with fusllfur limits

SulfurECA Year Fuelsulfur (%)  Fuelsulfur (ppm)
North SeaEnglish Channel Before 2015 1 10,000
As of 2015 0.1 1,000
Baltic Sea Before 2015 1 10,000
As of 2015 0.1 1,000
United States, Canada Before 2012 1 10,000
As of 2015 0.1 1,000
Global Before2020 3.5 35,000
As of 2020 0.5 5,000

Source: Owrcomposition based ofIMO, 2011; McGill, Remley, & Winther, 2013)

Alsq to meet the fuelsulfur limits in Table5.1, ships operatingn the ECA areas must respect the
MARPOL Annex VI Marine Tier Ik Kt@its in2016. Tabl&.2 shows the applicable N@mits for ships
and thedates they became or will become effectifdMO 2011; McGill et al. 2013; Perera and Mo
2016).

Table 52: MARPOL Annex VI Nénission limits

NO limit
Year Tier n<130 Mmon X YV YV X HANJ
2000 Tier | 17 g/kWh 45n°2 g/kwh 9.8 g/kWh
2011 Tier Il 144 g/kWh  44n0B g/kWh 7.7 g/kWh
2016 * Tierlll 3.4 g/kWh 9 n?%2 g/kWh 1.96 g/kWh
*NNOECA O0¢ASNJLL &dlyRFNRA |LJJXe&e 2dziaARS 9/ ! Qao

SourceOwncomposition based oMO 2011 and McGill et al. 2013

The legislation values rely on the rated engine speeds (n) given in RPM (revolution per minute). From
Table 5.2, Tier | and Tier Il limits are global, whereas Tier Il standards apply only in®he N@I@

2011; Mcdl et al. 2013).Furthermore, pogressive reductions in N@missions from ships with
marine diesel engines operating in ECAs by applying the-tieessl approachdepend on the engine's

age and maximum operating spe@t/alker, 2016).

TheFourth IMO GHG Study 20@6timated that total shipping emitted 1,056 million tonnes of,GO
2018, accounting for about 2.89% of the total globalhsnpogenic C@emissions in the same year.

In 2012, 962 million tonnes were €@missions, while in 2018, this amount gréw9.3% to 1,056
million tonnes of C@emissions. IMO'#EPChas given extensive consideration to controlling GHG
emissions from shig and adopted in 2011 a package of technical measures for new ships and
operational reduction measures for all shighapterfour of MARPOL AnneéX, entitled "Regulations

on energy efficiency for shipss composed of two primary actions: the Energycigfiicy Design Index
(EEDI) mandatory for new ships, and the Ship Energy Efficiency Management Plan (SEEMP).
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Table 53: Measures for GHG emission reduction

Measures to reduce GHG emissions

Energy Efficiency A technical measure o

Design IndexEEDI) GHG emission:
reduction - an estimate
on the amount of C®
emitted by a ship for one
unit of cargo carried

They are applied to new building orde
from January 1, 2013.

The primary purpose is to encourage tl
development of mee efficient engines
and vessels and compare £€mission
characteristics in terms of vessel stze

Energy  Efficiency An operational measure

Operational of GHG mitigation,
Indicator (EEOI) ani including speed
the Ship Energy optimization, optimized
Efficiency routing, improved fleet
Management Plan planning, efficient
(SEEMP) supply chain

management, network
design, may impac
logisticshased measures

They are applied to existing and ne
ships.

The SEEMP refers to &IT 400 tons o1
more shipfrom Januay 1, 2013. The ain
is to improve the energy efficiency ¢
shipping operations and reduce Gk
emissions.

The EEOI is used as a tool to monitor 1
operational status of vessels and is bas
on the content of the SEEMP. The EEC
a recommendation and not mandatory
monitoring tool of the SEEMP.

Market-based Considers the carbol
measures (MBMs) market, such as the
emissions trading

system, in terms ol
complementary

technical and
operational measures

The purpose of MBMs is to offset ar
A Y ONB I a SHGexhissinifs Aptaddds
financial support through incentives fc
high-efficiency shipbuilding anc
operations, and reduce and adapt 1
climate change in developing countrie
The basic idea of MBMs is to gi
incentives to lowcarbontemitting ships
and penalte  highcarbonemitting
vessels.

{2dzNOSY ! dzi K2NBRQ O2YLRAAGAZ2Y o6l aSR 2y tal NI FdAdeelayiR Y2y (2 d
Nam 2017

In 2018, IMO adopted ainitial strategyon the reduction of GHG emissions from ships, setting out a
GraArz2zy GKFG O2yFTANXAa LahQa O2YYAGYS yshippinggandNBS R dzO A
identifies levels of ambition as follows:

25 All ships will have to calculate their Energy Efficiency Existing Ship Index (EEXI) following technical means to
improve their energy efficiency and to establish their annual operational carbon intensity indicator (Cll) and ClI
rating. The requirements for EEXI and ClI certification are expected to come into effect from 1 January 2023.
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Figure 52: Initial strategy on GHG emissions
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to decline

GHG emissions from To peak GHGemissionsfrom international shippingas soon as possible

international shipping = and to reducethe total annual GHGemissionsby at least 50% by 2050

to peak and decline | comparedto 2008 whilst pursuingefforts towards phasingthem out as

called for in the Vision as a point on a pathway of CQ emissions
reductionconsistentwith the ParisAgreementtemperaturegoals

Source! dzil K2 NR& O2 Y LIBttask/ivindngo.om/erdObrid/or@Bhvironment/Pages/GHG
Emissions.aspx

The IMO GHG Strategy provides a comprehensive list of candidatetsimortmidterm, and long

term measues, including, for example, further improvement of the EEDI and the SEEMP, National
Action Plans, enhanced technical cooperation, port activities, research and development, support to
the effective uptake of alternative lowarbon and zeraarbon fuels, inovative emission reduction
mechanisms, etc.

As the significance diie reduction of ship enssions in EAshasbeen highlightedwhich necessitates
shipowners and shipping lines to respect the regulatiohg, frimary purpose of this research is to
determine whichof all the available options comply with the ECA regulation is economically most
suitablefor the vessel owner and the shipper. The research questlmatswill be investigated are:

- According to the literature, what are the best alternatioptions to comply with the ECA
regulatior?

- Of those selected technologies, what are the maritime costs from a vessel owner's point of
view, and what is the impact of the technologies on the generalized chalh cost

Atwo-step approach is useid answer these two research questioria the first step, an extensive
literature study is conducted to determine which alternatives are the most suitable to Tuse.
performed literature review will reveal the existing gap in the field, and consequehily chapter

attempts to move forward the research by covering the gap and providing new results.

In the second stepa cost modeling approach is applied for the selected alternatbdased onvan
Hassel et al. (2016a, 2016b) (see chapterTBjs analyis uses a model designed falculating the
total vessel owner cost anthe generalized cost of transporting a container from an origin to a
destination. To achieve the objectives of this chapter, some adjustments need to be consateted
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new parametes will be incorporated into the model. As tpemary outcome of this stage, the best
economical option both from the vessel owner's and cargo®wiR a LISNB LISOGA FS A &

This research considers three alternative fuels or technolo®Ex0, LNG, and scrubber technology.
The reasons are three foldsmissions from ships illustrate the steady rising trend from the year 2000
to 2020, in which the emissions of Nahd S@from ships increased by approximately 40%. By 2030,
it is expected hat the emissions of N@nd S@from ships will continue to increase by 35% and 32%,
respectivelyDeng et al. 2021). Thus, the importance of using alternative fuels to miggatnd NQ

is asignificantissue in maritime shipping.

The first reasoffior selecting LNG and scrubber syssgthat LNG and scrubber systeare currently
used and are in operation around the warlgince 2010the number of vessels fueled by LNG has
grown consistently by 20% and 40% yeahlythe start of 2020there have keen175 LNGueled ships

in operation, excluding the 600 strong LNG carrier fleet, the majority of which ardudid, and
over 200 ships on order (sdag, 2021). On the other hand, while there were 255 vessels fitted with
scrubbing systems in 2015, thember surpassed 4,000 units in 20@0CT International Council on
Clean Transportation, 2021; Statista, 2021).

Secondly, as the objective of this chapter pertains to the economic estimation of alternative fuels for
the reduction of sulfur emission BCA, LN@nd scrubber systeatomplywith IMO ECA regulations

as scrubbers reduce sulfur emission by more than 90%, PM emission9b¢y6and the emission of
NCQis reduced by 10% or less (den B&grloen, 2015). In addition, the use of LNG as shipvilél
reduce SQ emissions by 9@5%(MAN Diesel & Turhd®011). Compared to traditiondFQ LNG
represents a 25% reduction in g&nissions, a 90% reduction in N&nissions, and a 100% reduction

in sulfur (S@ and fine particle emissionBléngy,2021).

Thirdly, these alternative technologies have been addressed widely faomenvironmental
perspective in the literatureand in some casegconomic assessmesnare examined as well but
YIEAYyfe FTNRY @SaasSt 2 gy S NEo@pagsine eRiltigdiipseviods stidedza >

ad

i K

and, more importantly, as a novel study, it considr S & KA LILISNBE Q LISNRALISOGA O

assessment of LNG and scrubber system by evaluating the generalized chdaihetsterevaluation
shows how alternativemtions will affect the generalized chain cost and which option will provide the
lowest generalized chain cost, which affects the policymaking processravides & excellen view

for logistics operators to deplaye best alternative solutions.

Basedor f G SNy I GA DS FdzSt dza $hiree divfraeiséeBariory discugsdaindh R S
two different maritime routes: one from Asia to Europe and the second one from the US to Europe,
with varying ship sizefor each maritime route. The main differersen the scenarios depend on the
engine and fuel used inside and outsEHEA zones

This studyencompassesconomic, environmental, and socdiimensions of MarSC sustainabiliyd

it pertains to the UN SD@&to upgrade infrastructure and retrofit indwis to make them sustainable,
with increased resouregse efficiency and greater adoption of clean and environmentally sound
technologie® ¢

This chapter is based on the publisheaber by Mohseni et al. (2019 however, it is updated with
newer data andmore detailed resultsand more elaboration on the literature review and applied
methodology.
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The remainder of this chapter is organized as follows. The literature review is explained in segtion 5.2
while the applied methodology is described in sectio®. Section 5.4 clarifies the input data and
different research scenarios, whikection 5.5 illustrates the obtained results and provides graphic
demonstrations of the outcomeg:inally, ection 5.6 elucidates the general conclusions and findings

of thischapter.
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5.2. Literature Review

Initially, a comprehensive literature review of all the possible available options to comply with ECA
regulations is carried ouilhe same approach explained in Chapter 2 (Literature Revieaypited

here; however, some new keywords are usedhich are:ECA alternative technologies for maritime
shipping; green shipping; LNG as an alternative fuel; Scrubber systaariime shipping, economic
comparison of alternative fuels; emission reductiorECAFurthemore, the snowballing technique

was employed to detect the mosgelevant papers on the subject.

The literature review isstructured into three sulsections Firstly, a review of all the possible
alternative technologies and measures to mitigate emissispsovided.Here, the main focus will be

on the ECA zones asdlfurreduction legislationhowever, the options on GHG emissions, particularly
CQ emission reduction, are also discuss8&econd}, the positive and negative features of different
fuels and technologies such as LNG, MDO, scrubber system, slow steatojraye analyzed The

third section describes a review of research groups on comparing technologies mainly from economic
and envionmental aspects of sustainability

5.2.1.Alternative marine fueJ¢echnologiesand measures

The use of HFO as a marine fuel poses serious environmental and ecampaits(Roy & Comer,
2017). In2013, McGill et alstated that a large part of the marine fuel consumption (approximately
77%) is of lowguality, lowprice residual fuelalso known a$iFQ which tends to be high isulfur.
Various alternative fuels and technologies are discussed in the literature to mitigate the
environmental pollution of marine shipping both globally and in ECAs. Annex VI allows alternative
compliance methods with equivalent reduction effe¢Boudnikoff & Lacoste2014; Lindstad &
Eskeland, 2016According td_ister et al. (2015maritime ship owners and charterers are reactiag

green concerns with innovative management procedures and operational practices to lower the
carbon emission of shipping vessels.

There are numerous technologlyased approaches to improving vessel efficiency and reducing
emissions, including propeller 4design, antfouling measures for hulls, and improvethgine
operations(Corbett et al. 2009} owever, the limitations of these meass have led to discussions
about the potential for behavioral changes (operational changes and demand management) to
achieve mitigation targets more cosffectively(Buhaug et al. 2009By educating and training the
crew on energyefficient operations,tiis possible to make significant savings in fuel consumption and
reduce emissionglensen et al. 2018).

The alternative fuels that are most commonly considered today are LNG, Electricity, Biodiesel, and
Methanol. Other fuels that could play a role in theure are Liquefied Petroleum Gas (LPG), Dimethyl
Ether (DME), Biomethane, Synthetic fuels, Hydrogen (particularly for use in fuel cells), Hydrogenation
Derived Renewable Diesel (HDRD), and Pyrolysis Oil. Additionally, fuels suchlasABudfur Diesl

(ULSD) can be used to comply with the regulations and support the transition to alternative fuels
(Moirangthem & Baxter 2016) Gaseous fuels are divided into oil, industrial, and natural gas.
According to the state, the gas separatedinto LPG, Compssed Natural Gas (CNG), and LNG
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0¢ At Ay a1l AEach el has Herefitsiandvdgawbacks, but fuel flexibility, the ability to convert
an engine to use a different fuel, will play an important role (Haskell, 2021)

There are several ways shipping quanies can achieve compliance with the E0Kur regulations;

(i) to continue to operate on higkulfur fuel oil while installing a scrubber (ii) fuel switching such as
marine ga®il (MGO), (iii) using LNG or methanol as an alternativeg@simanischer Lloyd and MAN,

2012; Kristensen, 2012; Mgllenbach et al. 2012; Semolinos et al. 2013; Doudnikoff and Lacoste 2014;
den Boer and Hoen 2015; Fagerholt and Psaraftis 2015; Lindstad and Eskelandn2Qi§)using

MDO as a realistic alternatifer vessel ownergSemolinos et al. 2013).

Hybrid vessels by combining more than one type of energy source offemaisingapproach(Peter

et al. 2014) Furthermore nuclear power has been recognized as the most sustainable alternative
energy source foshipping, followed by LNG and wind power besides solar power, biofuels, and
hydrogen(Ren & Litzen, 20)7Garg and Kashav (201$tate that LNG or nuclegrowered vessels

for reducing carbon footprint are expected to be the future trend. However, therduction can be
obtained using higiperformance new generation enginéddamo et al. 2014).

Similarly Stevens et al. 2018assify the alternative technologies to reduce the fuel consumption and
to mitigate the emission into five main classes such aasures to adjust (i) the hull of the ship, (ii)
the propulsion (iii) the installed machinery, (iv) alternative energy sources in which the technical
solutions such as wind propulsion (sails) and alternative fuel types-Sidfur and LNG) are
categorizedand (v) operation (and maintenance) of the ship. The authors reveal the importance of
the bunker price on the costffectiveness of new technologies.

Ren and Lutzen 201developa multicriteria decisioamaking method for alternative energy source
selecton under incomplete information conditions. Talded explains thefifteen criteria for the
sustainability assessment of alternative energy sources for shipping.

Table 54: Four dimensions for sustainability measuremenalbérnative technologies

Dimensions for sustainability Criteria

measurement

Technological aspect Maturity; Reliability; Energy storage efficiency

Economic aspect Infrastructure; Capital cost; Bunker price; Repair ¢
maintenance cost; Training cost aakw wage

Environmental aspect Ok reduction; NQ reduction; GHG reduction; PM
reduction

Socialpolitical aspect Social acceptability; Governmental support; Safety

{ 2dzNOSY ! dzii K2 NA Q Rénxavdllitzeh 202y ol aSR 2y

Based on the results, theechnological aspect is regarded as the most important for selecting the
alternative energy sources for shipping, followed by the environmental, economic; sodat
political aspects in descending order. Simila8ghwartz et al. (202Mlentify a higarchy of ways to
achieve emission reductions. The authors discuss three different kinds of operational solutions that
can be used to reduce emissions, in addition to technological measures (5igure
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Figure 53: Measures for emission reduction framework
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The authors demonstrate tha remarkable amount of emissions can be reduced by utilizing different
technological and operational improvements, such exaploying cargo coordinatiomnd slow
steaming solutiong~urthermore selecting the best option amongst alternatives and implementing it
efficiently are the twoessentialphases towards achieving energfficient seaborne transportation
(Kitada& Olger, 2015).
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5.2.2. Advantages arlisadvantagesf alternative technologies

This section explairthe current and available fuels' general definitions, benefits, and dravgbatie
objectives are first to provide a platform tonderstand eachuel/technology betterand second to
1Yy26 6KAOK 2yS OFly 6S Yzald STFSOGAGS FNRBRY (KS
perspectives.

This chapter concentrates on sulfur emission reduction based on MARPOL Annex VI. However, it also
sheds lighbn the IMO GHG Study considerneglucingcarbon emissions.

HFO

The generic term HFO describes fuels used to generate heat that haasecaptiondly high viscosity

and densityand it isa residual fuel incurred during the distillation of cruoié(Oiltanking 2021)The

use of HFO as a marine fuel poses serious environmental and econom{Rag&sComer 2017). In

2013, McGill et alstated that a large part of the marine fuel consumption (approximately 77%) is of
low-quality, lowprice residuafuel, also known a$iFQ which tends to be high in sulfur. However,

HFO is less expensive than MGO and MDO, so it is still predominantly used in commercial shipping
(Marquard & Bahls2021).HFO cannot generally be pumped at a temperature of 20°C and must
therefore be preheated in the ship's tank®iltanking 2021)Based on the regulations, HFO is not
permitted to be burnt within ECAs unless an exhaust gas treatment system such as a scrubber is
employed when the shipgommutein these areas.

There are seeral HFOs in which thezitical differentiator is the sulfur content. According to ISO 8217,
High sulfur fuel oil (HSFO) has a maximum sulfur content of, 8«Bié Low sulfur fuel oil (LSFO) has
a maximum sulfur content of 1.0@iltanking 2021).

LNG

Natural gas reduces local air pollutants compared to traditional maritime fGalseous fuel available
for marine use is natural gas that is very low in sulfur content and combusts lowgePNQand CO
(McGill et al. 2013)Among the technologies thatra currently evaluated, the possibility for ships of
switching to LNG as @grimary fuel has raised significant concerns during the last few y@2inen,
Zheng, & Zhang, 20},&nd itis one of the options seen as an alternative fuel for deep sea, shart
and inland navigation shigéronietis et al. 2015).NG is considerazhe of the most promising marine
alternative fuels due to its economic and environmentally friendly features (Deng et al. 201&1).
likely to be incentivized where economics dang natural gas are coupled with air emissions public
policy targets(Thomson et al. 2015)he general characteristics of LNG propulsion @récal to
consider this option as a sustainable or transit solution for emission reduction. In the folloarg p
some of the main positive and negative features of LNG propulsion are summaadezedling to
different sources.
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Table 55: Advantages of LNG

Advantage
Reference Availability Cost Availability of Lower exhaust Energy
marine  gas emissions density
engines 60% of
diesel
MAN Diesel & X
Turbo(2011)
Y2061 Ly « « «
Narewski (2012)
McGill et al.
(2013) X X X
Stulgis et al. «
(2014)
Aronietis et al.
(2015)
den Boer& Hoen «
(2015)
Lindstad et al.
(2015)
Moirangthem & «
Baxter, (2016)
Bauen et al
(2017) X X
At AYyaA]
(2018) X X
Table 56: Disadvantages of LNG
Disadvantage
Reference Not Requires The Limited Methane Flammability
compatible space future bunkering slip and low
with and fuel price infrastructure freezing
existing adds of LNG is temperature
engines weight  uncertain
MAN Diesel &
Turbo (2011) X
Y2061 I
Narewski
(2012)
McGill et al. « « « «
(2013)
Stulgis et al. « «
(2014)
Aronietis et «
al. (2015)
den Boer & «
Hoen (2015)
Lindstad et al.
X X

(2015)
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Moirangthem

& Baxter x X X X
(2016)

Bauen et al.

(2017)

At AY

al. (2018)
Source! dzii KédNgasition based othe mentioned references

X

It can be observed from TalslB.5 and 56 that the different advantages and disadvantages mentioned
for LNG are not the same for #ie papersand it depends on the research conducted by each author.
Moreover, cost competitiveness with distillate and residual fuels and energy density are other vital
features of LNG.

LNGis a widely used alternative to liquid fossil fuels, but methane emissions reduce overall climate
benefits Hua et al. 2017Balcombe et al. 2021).

Despite the positive impacts of LNG on sulfur emission reduction, there are a growing number of critics
concerning the GHG reduction potential of LNG as an alternative for traditional 8exis(& Fancello,
2020. The methane slip emitted from gas and dfial engines is essential to consider since it
significantly impacts the global warming potential (IP@@7, Brynolf et al. 2014). In addition, LNG
SyaaysSa Olyyz2iad YSSG (GKS AyRdzAGNEBQA pr: DID
improvement. Improvements may come from reduced methane emissions, increased engine, and
broader ship efficiencies, as wal a potential shift to lovearbon fuels (Balcombe et al. 2021).

While CQ@ emissions from LNG combustion are lower than emissions from HFO combustion, the

fugitive emission of methane (a potent GHG) during bunkering or slippage in the engine dampens the
GHG reduction potential (Bouman et al. 2017). Other negative aspects of LNG propulsion are
categorized as the problem with compatibility with existing engines, which increases the operational

and retrofit costs and requirements of more space and weight. fuliGanks need two to three times

the volume of fuebil tanks containing the same amount of ener§gira & Fancello, 2020

Moreover,ports must provide the necessary LNG bunker infrastructure if vessel owners switch.to LNG
Port authorities, for theipart, can only invest meaningfully in such facilities if they have a rough idea
of potential demand for LNG bunkefrom deep sea, shortsea and inland navigation, as LNG is
increasingly substituted for HFO and MGO. Moreoveesaentiabspect in the chige for LNG or low
sulfur fuelis the shipping companies' current day bunker strége@Aronietis et al. 2017).

MDO

MDO generally describes marine fuels composed of various blends of disf{liaéebunkers 2021).
Marine diesel is similar to dieseldlbut has a higher density. Unlike HRMDQOdoes not have to be

heated during storagéMarquard & Bahls2021)

MDO is available with different sulfur content levels. For example, IFO 180 and IFO 380 can have a
maximum sulfur content of 3.5%ccording tdSO 8217live bunkers 2021).

MDO is sometimes also used synonymously with Intermediate Fuel Oil (IFO). In this case, the term
MDO mainly refers to blends with a very small proportion of HFO. These variants are (i) MDO in
general: a blend of distillatesnd HFO, (ii) MDO in a narrow sense: Blend of distillates and HFO, but
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with very low HFO content and (iii) IFO: Marine diesel with higher proportions o{M&Quard &
Bahls 2021).The different blendingatios make it possible to u3dDOin manyother engines(live
bunkers 2021)However, concerning the price, MDO is more costly than f&@quard & Bahls
2021).

MGO

MGO usuallgonsists of a blend of various distillates. MGO is similaigsel fuelbut has a higher
density. Unlike HFO, MGO does not have to be heated during stviagquard & Bahl2021).Unlike
HFO or MDO with a large propam of HFO, MGQvhich is based on the lighter distillatdgas a low
viscosity and can easily be pumped into the engine at around @0&f€juard & Bahls2021).
According tovan Rynbach et al. (2018he most straightforwardoption for meeting the upconnig
low sulfur limits is to burn MGO wittsulfur content at or below 0.1% in the ECA zones or 0.5%
worldwide starting in 2020. Moreover, they state that this solution has no effect on thei{3sions
and would require some additional technology to rediN® for ships that have to meet Tier Il levels.
A negative aspect of MGO is the higher price compared to other({@etaolinos et al. 2013; Granskog
2015).The density of lighter fuels is lower than that of HFO and Mid{ich mayresult inthe amount

of (lighter) fuel to the burner will differ from the amount original pset and thus cause ignition
problems or increased smoke emissitime bunkers 2021).

Exhaust gas treatment systems

Another option to lower emissions and comply with regulations witBiBA zones is by installing
GaONH2 0 SNE (SOKy2f23&8d { ONHz2OOSNAE |fft2¢ FuKALA AY
yet still benefit from the savings created by the price difference between (cheaperentional

bunker fuel and the lovgulfur diesel that would be required without scrubber technold@julgis et

al. 2014; Lahtinen 2016%ince MGO is more expensive than HFO, scrubbers have received attention

over the last yearsand the number of scrubbers installed onboard ships has incre@edBoer&

Hoen 2015).In Table 5, the advantages and disadvantages of scrubber technadogyeported

according to different sources.

Table 5.7: Advantagesnd disadvantages of scrubber technology

McGill Chryssakis Stulgis  Aronietis den Van
et al etal 2014 et al et al. Boer Rynbach
2013 2014 2015 and et al. 2018
Hoen,
2015
Advantages
The possibility of x X X X
using either low
sulfur or higher
sulfur fuels
Reduction of x X X X X
pollutants (PM, 6,
and NQ)
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Disadvantages
Loss of cargc X X
capacity due to the
size of the system
Increased cost X X

Increased fuel X X X X X
consumption/power
consumption

No reduction of C® X X X
emissions

Additional GHG X
emissions

Source! dzii Kémasition based on (McGill et al. 2013; Chryssakis et al. 2014; Stulgis et al. 2014; Aronietis
et al. 2015; den Bo&k Hoen 2015; van Rynbach et al. 2018)

According to Table B, redugngpollution is the main advantageast authors haveScrubbers reduce
sulfur emissions by more than 90%, PM emissions 3080, and NQemissions by 10% or less (den
Boer& Hoen, 2015). However, scrubbers héittee S i S O (i & entlsgions raduction. They increase
energy consumption, estimated to increase fuel consumption by 3% in a seawater scrubber (open
loop) and 1% in a freshwater scrubber (closaop). Also, scrubbers increase GHG emissions by 1.5 to
3%.

CE Delf(an independent research and consultancy organizatmlished a new study that found
that installing exhaust scrubbers @ariousvessels generates slightly lower &issions than using
very low sulfur fuel oil (VLSFO). Both strategies, howeverltiiesan increase in G@missions from

well to waket the CQ emissions connected with an exhaust gas cleaning system range from 1.5 to
3%.The results show that, depending on the quality of the iswfur fuel, the refinery, and the crude

oil slate, the enissions caused by generating lewifur fuels ér these ships are often high@vlaritime
Executive, 2020

The negative characteristic of an opkrop system is its greater energy consuroptithan a closed
loop system, but there is no need for chemical additives like caustic soda in a-ldopesl/stem. In
the closedloop scrubbers, no waskhater is produced that would have to be pumped into the sea
(McGill et al. 2013; Aronietis et al. 281den Boer and Hoen 2015; Lahtinen 2046y they retain the
pollution onboard, but they are feasible only for shdistance travel¢Serra & Fancello, 2020

Concerns that opetoop scrubbers will clear air pollution at the cost of polluting the wdtave
sparked a heated discussion. In 2019, the EU requested the IMO to evaluate its scrubber
recommendations and adopt suitable actions, citing scientific evidence for the possible toxicity of
water dischargeg¢Serra & Fancello, 2020There are four maimrinciples of exhaust gas scrubbing
systems: ope#oop, closedoop, dry and hybrid scrubbers. In Tabl8,5 brief description of each is
reported.
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Table 58: Different scrubber systems and relevant features

Water andsulfur react to formsulfur acid, which is neutralized with alliae
Openloop components in the seawatelt typically uses seawater as the scrubbing medi
and requires relatively large space on board.
This type uses freshwater with alkaline chemical (such as caustic soda).
type requires more space than opéoop systems.
It does not use any liquids in the procebsit exhaust gases are cleaned wi
hydrated limetreated granulatesThe storage room has to be created onhe
for granulate, which reduces cargo capacity. An advantage of a dry scrubbe
lower energy consumption compared to a wet scrubber.

Closedioop

Dry

It gives the possibility to either use a clodedp or openloop technology.

Hybrid scrubbers are generally used as an oeloap system when the vesse

operatesin the open sea and a closéabp system operating in harbor c

estuaries, where water dischge is prohibited.

Source! dzii Kedpmdasition based on (McGill et al. 2013; Aronietis et al. 2014; den&deen 2015; Lahtinen
2016)

Hybrid

Ammonia

Ammonia is an attractive option for the decarbonization of maritime shipping because of its relatively
low GHG emissions, high energy density, competitive cost, and ubiquitous infrastructure for
manufacturing, storage, and distribution {Aboosi et al. 2021). Ammonia emits zero,C&, and

close to zerd\NQ.. Unlike hydrogen, the deployment of ammonia asaxine fuel is still in the research

and development phase as, to date, no ammepdavered ship is operationalnternational Transport
Forum- OECD, 2018

I NBOSyGtfeé O2yRdzOGSR adaNBSe o6& [f28RQa [Aal NBOS
to 7% of fuel by 2030 and 20% by 2050. As ammonia contains no carbon, it does not emitany CO
when fueling an internal combustion engine. It creates the potential for-zarbon propulsion
(Haskell, 2021). Further developments of ammonia as a compleoneaplacement for HFO can also
offer a promising alternative to reduce g@missions londgerm (International Transport Forum
OECD, 2018

Ammonia volumetric energy density is similar to methanol and higher than hydrogen, making onboard
storage econontally feasible, albeit not as compact as theOused today (Haskell, 2021). Another
advantage is that it can be stored at a temperatuZ8(4°Q that is easier to maintain than hydrogen
(-252.9°Q. Moreover, it can be used in different ways, such asgli@sel engines, fuel cells, gas
turbines, etc., making it a very competitive opti@imternational Transport ForumOECD, 2018

While ammonia is not highly flammable, concentrations in air as small as 0.25% can cause fatalities,
making the fuel highlyaxic to people. Handling onboard ammonia ships will require an entirely new
set of skills and safety procedures. There is a need to understand the potential negative impacts on
human lives, water, and soil in case of leakage or accidents and mitigate tihpese of risks. In
addition, the combustion of ammonia in engines releases nitrous oxig@)(/d greenhouse gas even

more potent than C® Thereby, additional equipment will be required onboard to controly NO
emissions. Consequently, port authorities aregulators are presently reluctant to permit bunkering

of ammonia due to toxicity hazards (Haskell, 2021). The use of ammonia as a marine fuel brings several
technological challenges, and much work has to be done before NH3 engines are ready on the market
(Serra & Fancello, 2020)
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Hydrogen

Hydrogen is another potentially attractive and viable alternative fuel since it emits zera€0 &,

and only neg@iible amounts oNQ.. Hydrogen can be used as fuel in several different ways, such as in
fuel cells in a dual fuel mixture with conventional diesel fuels (HFO), and lastly, as a replacement for
HFO for use in combustion machinétgternational Transport ForumOECD, 20)8Hansson et al.
2020 showed thahydrogen represents a more cesffective mame fuel option than ammonia based

on the energy system modeling to reach global GHG reduction in the long term

However, the use of hydrogen fuel poses several challenges, including production, transportation,
storage, related expenses, and safety isq&&sto, 2019; Serra & Fancello, 2R26 addition, there is

no standardized design and fueling procedure for hydregewered ships and their bunkering
infrastructure (Lindstad et al2015). Furthermore, remaining safety design issues regarding the
volatility of the fuel need to be resolveth{ernational Transport ForumOECD, 2018

Moreover, hydrogenis difficult and costly to produce, transport, and store as a sustainable fuel
Srecial consideration has to be given to the storageonboard hydrogenships to ensure safe
operations. Compressed hydrogen has a very low energy density by volume requiring six to seven
times more storage space than HFO. On the other hand, liquefied ¢gdnequires storage at very

low temperatures {253 °C), associated witBignificantenergy losses and very well insulated fuel
tanks. Thushydrogen storage tanks can also result in cargo space loss due to theiTbizse
increased costs of the fuel aide currenty limited gains in C&emissions, combined with challenges
regardingthe storage of hydrogen, safety, and the cost of fuel ¢aellsan that hydrogen and fuel cells

are unlikely to play aignificantrole inthe propulsion of shipping in the xé decade (TNO and TU
Delft, 2017).

Methanol

Methanol could potentially improve air quality and GHG emissions from ships at a low cost (Balcombe
et al. 2021). Compared with HFO, methanol has an emission reduction potential of 999 0%

for NQ, and 95% for particle matter (PMnfernational Transport ForumOECD, 2038 Methanol

has properties that are similar to those of methane when itis injected into an engine. Hence, methanol
A& | faz dza SR A (Moitangthédd@l-Baxted 2085 fn addigoy, ®I&Haliol is convenient
because it requires only minor modifications to ships and bunkering infrastructure since it is similar to
current fuels in several respects and is generally safer than conventional fuels and LNG. (International
Trangort Forum, 2018).

Despite their high potential to cut G@missions, clean alternatives such as biofuels, methanol, and
hydrogen are unlikely to become practical on a wide scale in the near future due to several technical,
economic, and safety obstacleBhe same applies to nuclear energy for ship propulsion (Serra
Fancello, 2020).
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Slow Steaming

Slow steaming has been an interesting topic for scholars and has been implemented by most shipping
lines and in recent years to assess its effects opddiission reduction, fuel consumption, and in
general on maritime shipping. Tlwentinuous increase in marine fuel oil consumption, bunker price
and excess capacity available in the market btimg urgent need for ship liners to seek ways to
minimize theuse of fuel consumptiorfCariou, 2011Wong et al. 2015Yang et al., 2033Speed
reductions may provide substantial energy savings due to the closed relationship between energy
costs, speed reductions, and revenu@orbett et al. 2009; Doudniko& Law®ste, 2014) Slow
steaming practices aim at improving fuel technology efficiency on existing vé¥s&tsi& Fernando

2018).

Various elements should be evaluated to employ slow steansingh as cargo volume, cargo nature,
delivery schedule, contractf @arriage, and customer prioriti€gvong et al. 2015 urthermore the
longterm sustainability of slow steaming depends on the additional operational costs for the number
of vessels added and on changes in inventory costs as containers spend more sieag@arioy
2011).Chang and Wang (201g#fopose that shippers must ensure that the adjusted speeds are
sufficient to meet demand and alliances with other shipping companies to avoid having additional
vessels andompensate for trade los3he application of slow steaming bringssitive and negative
impacts on maritime shipping, asscussed in Table%®.

Table 59: Comparison of positive and negative effects of slow steaming

Advantage of slow steaming
Reduction of bunker cost an
gas emission

Improvement of the actual
supply/demand balance
Decrease in the layp cost if
there is idle capacity

The disagtantage of slow steaming

If there is no sufficient idle capacity, slow steaming co
SEGSYR | aKALIQ&a @2&t3S
The lengthened voyage leads to higher operatiost

The transit time for a voyage is extendednd the
containers onboard will be occupied for a longer tirr
producing the inventory cost.

Absorption vessel overcapacity
is an effective way to savilel
costs

More vessels need to be added to the sertiodeep the
frequency of the liner service or the schedule

Environmental  benefits by
lowering the carbon emissiol
volume

Adverse impact on delivery schedule and quality servit
time-sensitive argos, e.g.reefer cargo with vegetables
seafood, fruits, medical suppliers.

Integration of the cost reductior
initiatives from operations anc
the marine section as well as th
commercial impact from the
trade section

The impact on fuel consumption depés on the speec
reduction.

The impact on fuel consumptio
depends on the speed reductio
(due to the nonlinear
relationship between speed an
fuel consumption).

Increase of cargo #ransit inventory costs due to the
delay in the arrival of the cargo

Reduction of fuel consumption

Increasingpreference for shippers to use lafzhsed
alternatives, mostly road, may increase overall G
production.
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Improvement the schedule Conflict with the minimum safe power necessary for a s
timeliness to have in aderse weather conditions.
In the short run, freight rates will go up once the over
transport supply is reduced due to slower speeds.
{2dzNOSY ! dziK2NERQ O2YL}RAAGA2Y 2000 GardR2021yNoteBodni éhd Gagor | y R
2009; Ronen 2011Wang and Meng 2012; Maloni et al. 2013; C. C. Chang and Wang 2014; Doudnikoff and
Lacoste 2014; Yin et al. 2014; Wong et al. 2015; Psaraftis 2016; Schwartz et.al. 2020

One of the main advantages of slow steaming is the reduction ge@i3sion and its ipact on fuel
consumption. However, the extension of the transit timehich leads to more required vessels to
maintain the planned frequency and increment in thleip's operational cosis recognized as the
mostcrucialbarrier of slow steaming.
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5.2.3. Economic and environmental comparison of alternative technologies

Based on the literature reviewyumerous sources compare available alternati@ehnologies from
different dimensions ofsustainability.Hua et al. 2017compare the difference of atmospheric
emissions from HFO and LNG across thecliftde assessment (LCA) and assess the global warming
impact from these two fueling alternatives. The findings indicate a possible improvement in total fuel
life-cycle GHG ensgns from LNG as an alternative fuel to power shifasthermore a significant
reduction in NQ@ SQ, and PM10 is achieved from sehing the fuel from HFO to LNG.

Ammar 2013%onsiders methanol as an alternative fuel for a Cellular container ship to comply with the
IMO emission regulations and investigate the environmental and economic benefits of the methanol
diesel duaffuel engine. Based on the results, from #g@logicapoint of view, using a dudlel engine

with 89% methanol and 11% MD/II lead to reductions in NQSO,, CO, C& and PM emissions by
77%, 89%, 55%, 18%, and 82%, respectively and to reduce thiieluebst to the cost of the diesel
fuel at maximum conbuous rating (MCR), the shipping speed should be redbgetB%.

Table 510: Studies on sustainability assessment of alternative technologies

Reference Objectives

Man Diesel and To figure out if exhaust gaeatment systems are the preferred technic

Turbo 2011 solution

Aronietis et al.  To sekct the best retrofit solutions

2014

Hsu et al. 2014 To assess the alternative solutions such as MGO, LNG, scrubber s
Methanol with three key elements: environmentakconomic, and
technical issues

DNV GL and Toanalyze the costs and benefits of various fuel options for a case

MAN Diesel &  one particular ship and its operating pattern

Turbo 2016

Fearnleys 2017 To compare different alternative shipping fuels

Abadie et al. To examine the adaptation of the shipping sector to stricter emissi
2017 regulations by either fuel switching or installing a scrubber
Corbett et al. To evaluate whether vessel speed reduction can be a potentially «
2009 effective C@Qmitigation option for ships calling on US ports.

Psaraftis and To examine whether speed reduction in SECA can work as a meas
Kontova2010 reduce &xemissions

Cariou 2011 To assess whether slow steaming is a sustainable means of reducin
emissions
Cariou and To argue if a unilateral measure of a speed limit for all ships ente

Cheaitou 2012 European Union (EU) ports can create a benefit to society without co:
owners by using the example of £&missions generated by containe
vessels from Northern Europe to the East Coast of South America,
from Northern Europe to US East Coast/US Gulf/lUS West Coast.

Schinas and To provide a methodological framework fassessing the cost impact

Stefanakos 201z environmental measurements drthe increase of operating expenses
seagoing vessels due to the sulfur limits by MARPOL Annex VI.

Maloni et al. To clarify the costs and benefits of slow steaming across stakeho
2013 (carriers and shippers) and the associated environmeimglacts of a

container lane between Asia and North America (Port of Los Angeles
Norlund and To study emissions reduction in supply vessel operations by optim

Gribkovskaia speed while planning vessel schedules and fleet size for a supply bas
2013
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Zheng et al.

To investigate the impact dmplementingthe Energy Efficiency Desic

2013 Index (EEDI) on the shipbuilding industry in China

Acciaro 2014 To discuss the optimal time for investment in LNG retrofit.

Brynolf et al. To examine three different strategic option® HFO combined witl
2014 Selective Catalytic Reduction (SCR) and an -tgugn scrubbey (i) MGO

combined with SCRind {ii) LNG for N&reduction emission in ECA

C. C. Chang anc
Wang 2014

To develop a model to identify the optimum speed reduction stratieg)
minimizecosts and mitigate GE&missions.

The optimum speed reduction for four scenarios based on ship speed,
prices, and time charter rates are determined to maximize the sp
reduction profit

Doudnikoff and
Lacoste 2014

To study speed reduction in SECA agstminimizing behavioto save an
expensive fuel required by regulation

From the container shipping industry perspective, examine the pos:
consequences adulfur Emissions Control Areas (SECA) on vessel spe

Jiang et al. 2014

To examine the costs and benefits of reduction measures suchlag
scrubbers andMiGOfor the shipping industry to comply with theulfur
emission regulations.

Holmgren et al.
2014

To study and analyze the effects of the implementation of MARPOL A
VI in the North and Baltic Sea SECA and the possibiktynoflal shift to
the road.

Y. T.Chang et a
2014

To measure the emissions of noxious gases (NG), such:adl&Qand
PM, from vessel operations in a potentiaCA

Fagerholt and
Psaraftis 2015

¢t2 O2yaARSNI G2 yS¢ aLISSR 2LIGAY
F LILINR | OK G2 -RBTRIQOGNRY WINMB o f SY(
switch and sail in and out ®CAs (deepea vessels)

Fagerholt et al.
2015

To develop an optimization model to be applied by ship operators in
case of ECA% determine sailing paths and speeds that miide
operating costs for a ship.

Patrickssoret
al. 2015

To address fleet renewal issues related to emission regulation compli
with regional emission limitations related sulfur emission regulations
particularlythe potential challenge of soalled ECAs.

Sanchez
Rodrigues et al.
2015

To examinesustainability issues for maritime operations in the UK
assessing total G@missions and costs of import-reuting containers

Wong et al.
2015

To analyze slow steaming sustainability initiatives by considering
consumption, carbon emission, and-time deliveryin transpacific trade
service routs from the east coast of the U.S. to the Asia Pagific
Southeast Asia by considering generatgacontainers, reefer containers
and empty containers

Lindstad and
Eskeland 2016

To analyze risks followinthe IMO directionto extend locally and
regionally motivated emissions regulations, ,i.&orth America and
Northern Europe (ECAS)

Pettit etal.
2018

To investigate whether technological and operational innovations
shipping will result in a substantial and swift reduction in carbon emiss
and the emergence of a new sodichnical regime in shipping

Svindland 2018

To focus on the envimmental effects of E& in Northern Europe
regulation on short sea shipping and to present 8Mission calculations
of two container feeder vessels

Schwartz et al.
2020

To analyze if it is economically feasible to cut do@@ emissions and
improve the efficiency of the sea freight sector by investing in r
technologies and operational measures in general cargo vessels oygg!
in the Baltic sea

{ 2dz2NDSY

I dz{i K 2 Ndd an th@ 2n¥ntidded kefererzgs 0 | &
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The above studies display the comparison of different alternative technologies from -avshey
perspective. They compare the LNG propulsion by scrubber technologptions for specific ship
types and maritime routethat benefitvessel ownersAlthoughmuch study has been performed on

the economic and environmental consequences of green practices and emission control on ship
owners and shipping lines, this chapter shows that less attentias givernto green practices and
emission regulation impacts gigers and other stakeholders.

In this research, the objectives are not only an economic comparison of three different alternative fuel
options from a vessel owner point of view but also an economic assessment of different options from
a shipper perspective, which shows how alternatiptions will affect the generalized chain cost and
which option provides the lowest generalized chain cddte latter assessment contributes to
policymaking and gives logistics operators a good overview of utilizing the best alternative options.
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5.3. Methodology

The starting point for the analysis is tlf@&CM proposed byan Hassel et al. (2016a, 2016b) (see
chapter 3)as the second step of the applied methodologhe modelis further developed and
adaptedto address this chapter'specific research questionBhe focus is on the economic evaluation

of three different methods to comply with the standards of the ECA zones. This analysis will be done
for both the chainand vessel owner cost§herefore, given the specific objective the present
chapter, the base model needs to be adjusted. Firstly, the model has been extendaidutatethe

vessel owner costt means that the total cost for operating a container vegsal be calculated on a
given loop These costs include all thesselrelated costs such as running cost, voyage cost (including
the cost in ports), and fixed cost. All these costs areutatled for a total round trip.

Secondly, more maritime distance data is collected fMarine Traffic (20183ontaining the distace
sailed in ECA zone#. means thatthis additional information is added for each péot:port
combination in the total maritime distance database in the modélenauticaldistance database is
an 80 by 80 matrix. Furthermor20 different container vesel sizes are included in the madainging
from 500 TEU load capacity up to 20,000 TEU. The vessel data is collect&IN@df1992 2016).

Based on this information, the fuel cost can be calculated when a vessel is sailing in ECA zones using
either MDO, LNGor HFO (including a scrubber).

The time that a vessel is sailing in ECA zones is determined oggbel's speednd distance sailing
in the ECA zones. The fuel consumption of shg, using different measures to mitigate the ECA
regulations isthen determined by the following formula.

I:(:\/oyage; i = FC ECAI _|FC NONECA (Eq 51)

FCvoyageijis the fuel cost for a voyage for vessel typahile FEcaj, and FGonecaare the fuel costs for ppurney
in either ECAzones or norFECAzones.
D

D + ° 2/3'\/ 3
FCECAi = v ECA SFQ] ( PayloadC Q/ Il)Db Vessel i
Vesse| i admin, i i

.FP (Eq. 52)

With:

Deca= the distance sailed in the E€dnes (nm)

V vesseli = the speed of vessel typgknots)

SF = the specific fuel consumption of the considered engine type or installation j (LNG, MDO or scrubbers) for
vessel type i (tones/h)

The deltas represent the displacement of the vessel, both for the payload and the lightweight, and are expressed
in cubicmeters

Ph = the installed engine powgkW)

Cadmin,i= the admiralty constant of vessel type i (KWAkonne”).

Including these elements in the model allows researching the effects of operational speed changes.

FP, = the fuel price per ton for fugipe j (HFO, MDO, or LNG). Fatidn€caa similar equation is used only when

the distance Rnecds used, which is the distance sailed on a specific trip between two ports that are not in the
ECAzones (nautical mile).

After applying the adjustments to the model, tli@llowing sections explain the scenarios and the
input data that demanded the economic assessment of the three technologies.
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5.4. Scenario Development

Different scenarios are developdd compare selectedlternative technologiesFirstly, there is the
NEFSNBYyOS &40SyINA2d ¢KAA &aOSylFNmxR2 Sldafa (GKS
comparison reference for the modeled alternative scenarios. In the reference scenario, the vessel
complies wih the ECA regulation by using MDO fuel, while outside thezZe@ds, theship will use
HFOThe alternative scenarios tested are explained in Taldlg &Every scenario is a combination of
input data that characterizes the investigated technology. Theslede associated investmecosts

and fuel cost impacts.

Table 511: Different scenarios based on the type of engine

Scenario Engine Fuel used inside ECAs Fuel used outside
ECAs

Reference Diesel Engine MDO HFO

LNG DualEngine LNG LNG

HFO + Scrubber  Diesel Engine HFO with scrubber HFO

The main differences in the scenarios depend on the engine and fuel used inside and &@side
zones Thescenarios mentioned abowae applied to two different routes. The first route is the trade

lane from Far East Asia to Europe, while the second route focuses on the US to Europe, hence the
Transatlantic route. For each route, different taimer vessel sizes are tested.

Table 512: Ports in the loop of each route *

Vessel sizes

Loop Ports in the loop (TEU)
NingbaShanghaiXiamen Hong KongYantian Kelang Tanger 9,115

Asia Med-SouthamptonHamburgBremerhaferZeebrugge 13,892

Europe  Rotterdam Le HavreMarsaxlokk Khor al FakkanJebel Al 18,800
Ningbo

Miami- Jacksonville Savannah Charleston New York 4,600
Antwerpen Bremerhafen Rotterdam Le Havre New York 5,466
Norfolk- Charleston Miami 9,115

us
Europe

* These routes are based @xisting container loops

Furthermore, to assess the impact of the considered options fradaeSCpoint of view, firstly, a
marinesupply chain must be determined. The considered supply chains in thargze are given in
Table 513.

Table 513: Selected supply chains

Route Origin Destination
Asia- EU Shanghai Brussels, Munich, Berlin
US-EU Jacksonville Brussels, Munich, Berlin

In the AsiaEU trade route, the origin port is considered as Shanghai port as it is the most congested
port in theworld (Marine Insight 2021), whileén the USEU trade routethe port of Jacksonvillés the
origin port as this port is theecond most cogested portin East Cast of the US. The model does
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calculate the generalized cost from Hinterlands Asia and the US to Hinterland Europe sepirately.
both routes,three citiesare selected adestinationsbased on NUF3 regions in Europe.

In Europe Hinterland (final destination), five different ports in Hambkukg Havre range are taken

into account. The model can estimate the generalized chain cost for each of the above cities in the
NUTS region, based on each port which means there fare various outcomes overall for each
destination Table 514 shows theHamburgg Le Havre port portand their relevant terminals.

Table 514: Destination ports in Europe

Port in Europe Hamburg Bremerhaven  Zeebrugge Rotterdam  Le Havre
Hinterland

The terminal in Container Eurogate APMT Maasvlakte | TNMSC
each port Terminal

Hamburg

(EUROGATE
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5.4.1. Input Data

The model requires some data to quantify the fuel consumption by addingatbeementioned
formula. To calculate the fuel consumption of each vesgpk, the followingTableis used tacalculate
HFO, MDO, and LNG fuel consumption

Table 515: Specific fuel oil consumption

Specific fuel oil consumptiaftypical for 52 MW engine)

Type of fuel Fuel consumption (kg/KWh)
HFO 0.18
MGO 0.18
LNG 0.13
Pilot fuel 0.02

Source: Own composition based BIAN Diesel and Turbo (2011)

Based on Tablb.15, the fuel consumption for LNG engines is determined as 0.15 kg/kWh. The LNG
engine fuel consumption includdise direct fuel consumption of LNG (0.13 kg/kWh) #melpilot fuel
consumption(0.02 kg/kwh). Moreover, for HFO and MDO, fuel consumpiprals0.18 kg/kWh.

Fuel consumption per hour can be determined based on the installed power and the vessel's design
spead. Fuel consumption per hour (tons/hour) is obtaif®dmultiplying fuel consumptiofor each

fuel (kg/kWh) by theristalled powelof the vessel type (kW/1000T.his calculation iseported in Table

5.16 for each fuel usednd vesselln the model, a 3% increase in fuel consumption is considered for
the scrubber system: the use of a scrubber incredisesenergy consumptionwhich is calcuked to

raise fuel consumption by 3% the case of seawater scrubber (open loop) and by 1% in case of
freshwater scrubber (closed looffjen Boer & Hoen, 2015).

Besides15% of the total fuel consumption of the main engine is considéoedstimate the fel
consumption of auxiliargngines®. If the main engine is running on HFO or MDO, the fuel used of the
auxiliary engine is considered as MDO, while LNG fuel is taken into account for the auxiliary engine if
the main engine of the ship is using LNG.

Table 516: Fuel consumption of vessels for different fuels

Type of Engine

Main Auxiliary Main Auxiliary Main
engine  engine engine engine engine
Fuel Used (tons/hour)
Vessel Installed MDO MDO LNG LNG HFO  with
size (TEU power Scrubber
(kW)
4,600 36,560 6.58 0.99 5.48 0.82 6.78
5,466 24,680 4.44 0.67 3.70 0.56 458
9,115 41,400 7.45 112 6.21 0.93 7.68
13,892 62,030 1117 1.67 9.30 1.40 1150
18,800 61,000 10.98 1.65 9.15 1.37 1131

Source: Own composition based on RINA (£28216) and MAN Diesé& Turbo (2011)

26 According to GIOMEEP (2021), thexdiary engines are used for electrical power production onboard and
can represent up to 15% of the total fuel consumption for a vessel with diesehanical.
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Next to the adjustments to the fuel cost, some cost impacts are expected irutiméng cost of the
containervesselsincluding crew cost, repair cost, maintenance cost, and insurance cost. According
to MANDiesel& Turbo (2011)using LNG as fuel, crew cost, maintenance, and repair cost increase by
10% compared to using MDO or HFO. While, by applying the scrubber iscetraw cost,
maintenance, and repair cost will rise by 20%.

In this model, the external costs of pollutants suchS(3, NQ, CQ, and PM areconsideredto
internalizethe external costsTable 517 reports the external costs of pollutants.

Table 517: External costs of pollutants

Type of cost Value BURton)
Cost30k 0.04

Cost N@ 1328

Cost PM10 0.48

Cost CO® 25

Source: van Essen et al. 2011

Thefollowingcost parameteristhe purchase price of the ship¥he data i®btained from the vessels

in this study(Drewry, 2015).Furthermore this capital cost must also include the investment of LNG
propulsion (retrofit) or a scrubber system. Accordind\tonietis et al. (2015}he investment cost for
LNG propulsion 8IN2 @A RSR ¢ A (i Kk ¥i nl Y;Mdtl a@sy@ibber systenthis range
Adcem YA A2y te akeyageinkesttnentitivfiiRgdcastisian approximation value and
varies based on theessel sizeThe capital cost of vesselgéported in Tablé.18.

Table 518: Investment cost for LNG propulsion and scrubber system of ship types [EUR]

Vessel

size Purchase cost LNG retrofitting Scrubber retrofitting

(TEVL)
Average The total | Average  The total
retrofitting  capital cost off retrofitting capital cost of
cost of LNG LNG cost of the the scrubber
* scrubber *

4,600 49,846,000 15,000,000 64,846,000 2,500,000 52,346,000
5,466 56,205,000 15,000,000 71,205,000 3,000,000 59,205,000

9,115 80,236,000 17,000,000 97,236,000 3,500,000 83,736,000

13,892 107,588,000 19,000,000 126,588,000 | 4,000,000 111,588,000

18,800 132,809,000 20,000,000 152,809,000 | 4,000,000 136,809,000
* An approximation value.

Source: Own compositidmased orDrewry 2015Aronietis et al. (2015)

One of theessentialcost parameters is voyage cost which includes the cost of applied fuel in each
scenario. Data concerning the fuel cost is collected fBumkerworld (2018)An average fuel cost of
400 EUR/ton for HFO, 494 EUR/ton for MDO, and 310 EUR/ton for LNG is agslithedialues are
expressed or converted in Euro for the model's convenience
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5.4.2. Sensitivity analysis

In this study, two different sensitivity alyses have been taken into account. Initially, to consider the

effect of slow steaming on the results, % of design speed has been ch@eefault,i KS & KA LIQa
speed is considered 90% of the design speed ofvdssel;however, in the sensitivity analgs, the

& K A LJQ 3s reducd® ByR 0% and 20péspectivelyand is selected as 80% and 70% ofulssel It

meansthat, for eachvessel size, three different speeds (% of design speed of the vessel size (90%,
80%, and 70%)) are consideregsulting in27 scenarios for eaaharitimeroute. Table 519 plots the

design speed of the vessels.

Table 519: Operational parameters of the vessels

Vessel Design Installed Average Port Speed in the
size (TEU speed power (kW) payload ship approach port (knots)
(knots) (% of speed
payload) (knots)
4,600 225 36,560 80 10 5
5,466 2173 24,680 80 10 5
9,115 22 41,400 80 10 5
13,892 22.69 62,030 80 10 5
18,800 21 61,000 80 10 5

Secondly, to figure out the effect of thiael pricein the calculation andealize how the maritime and
chain costs are affected by changing the fuel pribe fuel price of MDO and LNG has been changed.
The fuelcost of MDO is decreased to 4ZFJRton), which is a 13% reduction comparedtase fuel
price, while the fuel cost of LNGcreasedy 18% and reaches 388 Hton).

Table 520: Alteration of fuel price

Type of fuel Base fueprice Fuel price in the Alteration
[EUR/ton] sensitivity analysis percentage

HFO 400 400 0%

MDO 494 425 -13%

LNG 310 380 +18%
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5.5. Results

The adjustedCCMis applied to thescenarios mentioned abov&he cost fromeach scenario is
calculated from a vessel owner and the chain point of vigvstly, the results of the maritimeost for

the Asiag Europe route araliscussed, followed by the results for the container loop from the US to
Europe.

5.5.1. Asia to Europe route

Each researched route is divided into two sedzrtions.¢ KS NBadzZ Ga 2F GKS @Saas
given inthe first subsectian, while in the second sugection, the results fothe supply chain impact
are reported.

5.5.1.1. Vessel owner cost (AsEU) with slowsteaming

The cost differential for the twalternative scenarios compared the reference scenario is given.
The different vessel typeqd the three different speeds are considered for each scen&igp 54
presents he results

Figure 54Y wSft I G A @S OKI y3ISa ¥F2NI cost)SronvAsiHPED forvtifferedisliiph o0 S & a St
types

20%

15%

10%
(1] 1] ] ]

9115 TEU 9115 TEU = 13892 TEU 13892 TEU 18800 TEU | 18800 TEU

Cost saving [%]

_go,

LNG Scrubber LNG Scrubber LNG Scrubber
H 90% 14% -3% 18% -3% 12% -3%
80% 11% -3% 15% -3% 10% -3%
B 70% 9% -3% 12% -3% 8% -3%

Vessels and scenarios

Theresults show thathe most economical alternative technology would be the LNG system for the
Asia EU loopsince it features the highest cost savirggmpared toother scenariosHowever, for
vessels 018,800 TEU, the maritiencost increases significantlyhichreducescost saving compared

to the two differentvessekizes

As the size of the vessel increases, the maritime cost enhances corresponidavggyer, since, for

the vessel of 18,800 TEU, tHesign speed and the installed powertbé propulsion parameter are
lower thanthe vessel of 13,892 TEU, therefore, the mariticost for this vessel Iswer (because fuel
consumption is derived from installed powand if it is lower, it does affect hmaritime cost).
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Besidesthe maritime cost decreases by applying speed reduction for all three scend@hie reason
is that speed reduction leads todeclinein fuel consumption, consequently dacingtotal maritime
cost.

Under slow steaming sensitiyi analysis, the share of maritime cost components such as fixed,
running, and voyage costs have fluctuated in different design speesjsectively The results of this
alteration in thereference scenariand 9,115 TEU are plotted in Figurg.5.

Figure 55: Share of maritime cost components based on sensitivity analygikl5 TEW Asiac EUQ
Reference scenario

SHARE OF MARITIME COST COMPONENTS BASED ON
SENSITIVITY ANALYSIS - 9,115 TEU, ASIA - EU

= 90% of the design speed = 80% of the design speed 70% of the design speed

100%

80% 73%

68%

61%
60%

Relative to total cost

40%
31%

25%

21%

20%
6% 7% 8%

0%
Fixed cost Ref. Running cost Ref. Voyage cost Ref.

Firstly, it should be noted thanhost of the maritime cost pertain to voyage cost Secondly, the
charge in fixed cost igreaterthan in running cost, and in both cas#®e costs have risen by reducing
the vessel speedt can be justified that under slow steaming, the vessel needs more time to complete
the trip, and as a result, there is agpansionin the shiprelated costs.

On the other hand, as the design speed of the ship decreases, the voyage cost declinedtasawell.

be interpreted that applying slow steaming can lead téual consumptionreduction. In addition,

taking 90% design speed as example and by comparing the reference scenario with the LNG
scenario, it is observed that the fixed and running costs have gone up slightly in the LNG scenario,
whereas, due tdower LNG price, the voyage cost in LNG scenariaivirsdledmodestly.
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Figure 56: Changes in maritime cost components feference and LNG scenarig9,115 TEW 90% of
design speed Asia- EU

Changes in maritime cost components for Reference and LNG scenarios, 9,115 TEU, 90% of
design speed, Asia - EU
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As another example, the reference and scrubber scenarios in 80% of design speed have been
compared, and the same findings are obtained. Howetrar,alteration isinsignificant in this case,
and both scenarios gplay almost the same results.

Figure 57: Changes in maritime cost components feference and Scrubber scenarip8,115 TEW 80% of
design speed Asia- EU

Changes in maritime cost components for Reference and Scrubber scenarios, 9,115 TEU,
80% of design speed, Asia - EU
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The same comparisaccomplisheghe trade route from the US to thEU FiguredB.56 until B.5.8in
Apperdix B plot the results Interestingly, the same observations are obtained.
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5.5.1.2. Vessel owner cost (AsEU) with fluctuating the fuel price

Furthermore, for the same scenarios and variasia@i speeds the calculations are repeateby
changing the fuel pricef MDOand LNG. Figure &depictsthe cost savings of alternative solutions
concerninghe reference scenario.

9115 TEU 9115 TEU 13892 TEU 13892 TEU 18800 TEU 18800 TEU

Figure 58:wSft I G A @S OKIFy3aSa F2NJ §KS YI NX A YoBdifférenaship 0 #S & a St
typesg A G K GKNBS @SaaSt Quyincichih$tReipriceh of NG aydrdecEasingifie price of
MDO)
20%
15%
=
E 10%
: I 1
- L] | . |
-5%

LNG Scrubber LNG Scrubber LNG Scrubber
H 90% 8% -3% 11% -3% 6% -3%
80% 6% -3% 9% -3% 4% -3%
B 70% 4% -3% 7% -3% 3% -3%

Vessels and scenarios

By comparing Figs.sband 58, somenewresults are achieved. On the AgiBurope route, comparing
three scenarios showsatfor both the reference and scrubber scenarios, the maritime cost decreases
graduallyconcerninghe base fuel price situation (cost savings remain almost the samhdy in the

LNG scenario, this cost increases, which shows the decrease Bavigis.

Similar to the base fuel price situation, the LNG system remains the cheapdshe costsaving of
this system is higher than under the scrubber scenarjpoilts outthat the fuel price does affect the
maritime cost significantly, and bydreasingthe fuel price of LNG, the cost savings is reduced
compared to the base fuel pricgtuation.
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Internalization of external cost

By internalizing the external cost of pollutants into the calculation (see TaBIB 5t is derived that

in the Asia- EU route and taking 13,892 TEU as an example, the total maritime cost will increase by
on average 12% compared to not considering the external cost. Moreover, to figure out the impact of
the updated external cost ofghlutants, it is assumed that the external costs of pollutants suclOas S
NQ, CQ, and PM are doubled in the calculation process. Tald2plots the results.

Table 5. 21The update of gternal costs of pollutants

Type of cost  The initial valueEURonN) The doubled valueHURon)

Cost 8k 0.04 0.08
Cost N@ 1328 2656
Cost PM10 0.48 0.96
Cost CO® 25 50

Table 522: Comparison of total maritime cost based oxternal costs of pollutants

Alternatives The change in total The change in total The change in total
maritime cost maritime cost maritime cost
(comparison ofnitial ~ (comparison of (comparison of doubled

values(Table 5.17) doubled valuegTable  values withinitial values)
with No external cost) 5.21) with No external

cosh
MDO 11.63% 23.25% 10%
LNG 12.33% 24.65% 11%
Scrubbers  11.63% 23.25% 10%

The results demonstrate that the total maritime cat¢pendson the external cosinternalization
application. The obtained results reveal that the total maritime cost will increase by doubling the
external cost of pollutants by roughly 10% compared to the initial values for each alternative option.

If the price elasticity of demand famaritime transportis known it is possible toestimate the
reduction in the maritime transport volume if the external cost is internalized. However, this issue is
out of the scope of the objectives of this Ph&nd can be considered a subject for funthiesearch.
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5.5.1.3. Supply chain cost impact (AgtJ) with slowsteaming
The generalized chain cost for eanlentioned destinationn Table 513 is reported in Fig. S. In this

Figure, only the results for 9086the design speed of the vessgreare plotted.
Figure 59: Relative changes for supply chain cost from Shanghai to EU for different ship types

il 0o,

Cost Saving [%]

2%
-4%
13892 13892 18800 18800
9115 TEU | 9115 TEU TEU TEU TEU TEU
LNG Scrubber LNG Scrubber LNG Scrubber
OBrussels 4% -1% 5% -1% 3% -1%
Munich 3% -1% 3% -1% 2% -0,5%
OBerlin 4% -1% 5% -1% 2% -1%

Vessels and Scenarios

By comparing the generalized chain cost obtained for ebagiination, itis observedthat the cost
saving deends on the distancéo the port. On the route fromShanghai to Brussels (the lowest
generalized chain cost is obtaid via the port of Zeebruggejost of the cost is made up of maritime
cost because the hinterland cost relatively low, which states #t the largest cossaving is for
Brussels compared to thather cities. However, by transporting the cargo fr&hanghai to Munich
(the lowestgeneralized chain cost is obtained via the port ofrBeehaven) or Berlin (the lowest
generalized chain cost @btained via the port of Haburg), the hinterland distanceare longer; and
consequently, the hinterland cost in larger.

Moreover, comparing the cost savings of the LNG scenario at 90% of the speed (5.3 and 5.8) shows
that the effect of using alternative fuel tenblogy is higher for the vesselner than for the cargo

owner. For example, the cost savings for the vessel owner deploying a ship of 9115 TEU equals 14%,
while this impatfrom a chain cost perspectiveduces to 4%. In the case of a 13,892 TEU ship, the
cost savings drqped from 18% to aproximately5%. In other words, the impacts are relativeigh

for cost savings from theessel ownés point of view for LNG propulsion, but fromsapply chain
perspectie, thiseffect is lower.
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5.5.1.4. Supply chain cost impact (AstJ) with fluctuating the fuel price

New results are obtained and plotted by changing LNG and MDO priE&gure 510.

Figure 510: Relative change®r supply chain cost from Shanghai to EU for different ship types
(by increasing the price of LNG and decreasing the price of MDO)
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9115 TEU 9115 TEU TEU TEU TEU TEU
LNG Scrubber LNG Scrubber LNG Scrubber
OBrussels 2% -1% 2% -1% 1% -1%
Munich 1% -1% 1% -1% 1% -0,5%
OBerlin 1% -1% 2% -1% 1% -1%

Vessels and scenarios

Bycomparing Figs. 8and 510, it can be observethat the fuel price #s0 affects the generalized cost
Since the LN@ost increases, the generalized cost grows as, aedl it leads to the reduction of cost
savings of LNG compared to the base fuel price situation. Howdlvercost savings remain
approximately unchanged for the scrubber technolagympared to the base fuel price @ight
change in cossaving) The LNG propulsion leads to higher cost savings for the base and alternative
fuel prices and reflects a better economic option trsmnubber technalgy.This ratio is nosignificant

and isabout 5% at the maximum level for ship type 13,892 TEU.
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5.5.1.5. Supply chain cost impact (&dt8J) with slovsteaming and fuel price sensitivity analysis

Taking 18,800 TEU as an example for the maritime route between Shanghai andtigenfiffluence
of speed reduction on the generalized chain cost for both base and alteration fuel pricetéad pio
the following figures.

Figure 511: Generalized chain cost and slsteaming in base fuel price

Vessel speed impact on the supply chain cost - Shanghai - Berlin - 18,800 TEU -

Base Fuel Price
1,620

1,580
1,540

1,500

LOWEST GENERALIZED COST [EUR/TEU]

1,460

70% 80% 90%
——Reference =——LNG =——Scrubber VESSEL SPEED

As mentioned, the LNG scenario presents the lowest generalized cost for all speed reductions
compared tathe reference and scrubber scenarios.

However,this cost rises for all three scenarios by reducing the vessel sgdedreason is that
lowering the sped vessel leads to a longer transit tinaad it causes an increment in the supply chain
cost. This increase is moremificant for highvalue cargo.

On the other hand, by decreasing the fuel price of MDO and increasing the fuel price of LNG, it is
obsened that the supply chain cost for all speed alterations in the LNG scenario increases gradually
compared to base fuel price, while, scrubber scenario displays the same results.

Figure 512: Generalized chain cost and skstearning in fuel price sensitivity analysis

Vessel speed impact on the supply chain cost - Shanghai - Berlin - 18,800 TEU -
Sensitivity Analysis Fuel Price

1,620
1,587
1,580 1,579

1,575
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1,500 1,495

LOWEST GENERALIZED COST [EUR/TEU]

1450 1,479
70% 30% 90%

——Reference =——LNG —Scrubber VESSEL SPEED
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5.5.2. US to Europe route

In parallel, the vessel owner cost and the generalizeadrchost are calculated for theade lane US
Europe.

5.5.2.1. Vessel owner cost ¢JSU) with slowsteaming

The cost savings of different technologies axported in Fig. 3.3.

Figure 513wSft | G A @S OKIy3Sa F2NJ GKS YIFNRGAYS
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4600 TEU = 4600 TEU | 5466 TEU = 5466 TEU = 9115TEU & 9115 TEU

LNG Scrubber LNG Scrubber LNG Scrubber
H90% 22% -4% 12% -4% 19% -4%
80% 19% -4% 10% -4% 16% -4%
W 70% 15% -4% 6% -4% 13% -4%

Vessels and Scenarios

According to the abov@able, for dl the vessels, the are positive cost savings bNG propulsion,
which states the lowest maritime cosbmpared to the other options. Besiddbe scrubber system
is the most expensive optigmowever,this value is not significarily representing only 4% cost
increment compred to the reference scenario.

By increasing the size of the vessel, the maritime mises as welhowever, sincefor the vessel of
5,466 TEU, the installed power of tipeopulsion parameter and desigpeedis smaller than for a
vessel of 4,600 TEU, theoeg, the maritime cost for thivessel is lower than for the other two
(because fuel consuption is derived from installedower and if it is lower, it does affect the maritime
cost).
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5.5.2.2. Vessewner cost (U8 EU) with fluctuating the fuel price

Fig. 5.4 depictsthe sensitivity analysis resslty changing the fuel prices of LNG and MDO

Figure 514wSft | GA @S OKI y3Sa

T2NJ 0KS YmhKaUBAdHeEUO2 4G 6 G

for different ship types (by increasing the price of LNG and decreasing the price of MDO)

25%
20%

15%

10%
5% I
0%

o,

Cost saving [%]

4600 TEU 4600 TEU

LNG Scrubber
H90% 13% -4%
80% 10% -4%
m70% 8% -4%

5466 TEU 5466 TEU

LNG Scrubber
8% -4%
6% -4%
3% -4%

Vessels and scenarios

9115 TEU
LNG
10%

8%
5%

1]

9115 TEU

Scrubber
-4%
-4%
-4%

On this route, byomparing Figs. 53 and 514, the findings for the U8 Europe route areas follows:
the maritime cost reduces gradually footh the reference and scrubbecenarios. However, for the
LNG system, the maritime cost increases for all the vessae$, which leads to the reduction of the

cost savings of the LNG systeoncerninghe base fuel price situation.

For example, for thehip type of 4600 TEU and 90% speed, the cost savings diminish from 22% to
13% by changinpe LNG priceThis fact is valid for ship typegl66 TEU and, 915 TEU by decreasing
the costsaving from 12% to 8% and 19% to 188gpectively. Therefore, it can be concludadt, by
changing the fuel price, LNG becomes a less ecomboption but stillhas the highest cost savings
compared to the scrubber systeimthe US; EU route.
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5.5.2.3. Supply chain cost impacB{EU) with slowsteaming

Regarding the generalized chain cost, the results of the analysisresented in Fig. 5
Figure 515: Relative changes for supply chain cost from Jacksonville to EU for different ship types
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O Berlin 4% -1% 2% -1% 2% -1%

Vessels and scenarios

On the route from Jacksonville to Europe, the lowest generalized cost is obtained via the port of
Antwerp for the final destination Brussels, while for the trip from Jacksonville to Munich or Berlin, the
lowest generalized cost is incurred via the porBoémerhaven.

5.5.2.4. Supply chain cost impact UEJ) with fluctuating the fuel price

Figure 516 givesthe results of the supply chain cost for the sensitivity analysis.

Figure 516: Relative changes for supply chain cost from Jacksonville to EU for different ship types (by
increasing the price of LNG and decreasing the price of MDO)
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Vessels and Scenarios

Bycomparing Fig. 35 and 516, the effectof the fuel price on the supply chain costdisplayedBy
increasing the fuel price of LNG, the cost savings of this alternative ajgitnease compared to the
base fuel cost situation. However, the cost savings of dbmibber system remain unchanged
furthermore, ty increasing the fuel price of LNG, altigh thecost savings of this optiotlecreaseit

is still a better economic option by presentitige lowest generalized cost.
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5.6. Conclusion

International maritime shipping has been confronted and will face new regukbpulifferent policy

actors (i.e, IMO, the EU) to reduce the volume of pollutants emitted from vessels globally and in ECA
zonesmore strictly. In this research, two main research questions were investigatedh#iare the

best alternative options to comply with the ECA regulation according to the literakmce@i) d those
selected technologies, what are the maritime costs from a vessel owner's point of view, and what is
the impact of the technologies on the gealized chain co8t

According to the literatureeview accomplished in this research, LNG is seen as an alternative solution
for maritime shipping. LNG is considered one of the promising soluti@ishows better economic
evaluation and has a lower ession levelHowever, therising concerns about LNG's ability to reduce
GHG emissions as an alternative to existing fuels should not be negl&ébesktcondbest option is
scrubber technology. The findings of this study confirm that LNG can be consisteatdrnative and
possible solution to replace HFO in maritime shipping as it sttmev®west maritime cost compared

to the other alternative technologies (also for differddEO- LNG spreads).

The economic comparison is made with three differer@nsgios of engine types and thieiel used

inside and outside the ECA zones. Moreover, this comparison has been put forward by using two
different levels of fuel prices by increasing the fuel price of LNG biAJ®tpn] and decreasing the

price of MDO by 80HJRton] to realize the effect of fuel price on the maritime and chain costse
external costs of pollutants includirgp,, NQ, CQ, and PM are factored into this model.

Based on the performed analysis, firstly, it is found that the LNG system has the lowest maritime cost
compared to the reference and scrubber scenarios for both Asia and the US to EU routes. Secondly,
the cost savings of the LNG scenario are higher thanthfe scrubber scenario concerning the
reference scenario, while the cost savings of the scrubber scenario are negative for all the vessels for
both vessel owner maritime cost and supply chain cost. Therefbeeyesultsconcludethat LNG
propulsion is tle most economical option for both AsilJ and U&U routeshy demonstrating the

lowest vessel owner cost and generalized chain cost compared to the scrubber technology and
reference scenario

In addition, by comparing thietal maritime cost of thevessels for all three scenarios and both roytes
it is observed thamaritime transportcost reduces as the percentage of design speed de@®as
Besides, the maritime cost rises ag thize of the vessel increases.

Interestingly, by analyzing the obtainessults, it can be derived that the supply chain impact depends
not only on ship size bulso onmaritime distance. It interpretthat, in a longer maritime distance
from Asia to Europe, the maritime cost is relatively highen the shorternauticaldistance from the

US to Europgand in this case, the majority ekpenseselate to hinterland costs.

By performing sensitivity analysis and increasing the LNG, amckdecreasing the MDO price, it is
observed that the LNG system remains the most econahailternative solutionHowever, the cost
savings reduce significantly compared to base fuel price. The reason is that the maritime cost of LNG
increasexonsiderablyby increasing the fuel price of LN&d at the same time, th#tal maritime

cost of tre reference scenario decreases by diminishing the fuel price of MDO, which leads to the
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reduction of the cost savings of LNG propulsion. Moreover, the cost savings of the scrubber scenario
concerning the reference scenario do chasgmvly.

This study hathe capability of applying to other maritime routes. First of all, @&Mneeds to be
updated.The existing ports in the loop should be gathered and added to the model along with all the
necessary data regarding the maximum allowable draft port, terrigal A y F NJ & (0 NHzO (i dzNB
rate of cargo loading and unloading in the terminal, traffic data, and all the port and terminal related
costs such as port dues, container handling cost, terminal operationetost!.

Besides, different containerizecesse$ can be added to the model. In this case, the information
regarding the vessels needs to be adjusteth model

0] Operation dataport approach speed, design speed, average payload ship, etc.
(i) Technical datsuch aslimensions (length overall, beamepth), propulsion parameters
(installed power, fuel consumption of the engines), displacement cargo, deadweight, etc.
(iii) Cost data such as running cost, voyage cost, and capitdf sash as the purchase cost
of the ship, fuel cost, repair and maintenanaests, fuel cost, etc
Finally, based on the above parameters and obtained data, the desirable maritime route is defined
and the total maritime cosand the generalized cost acalculated.

27Read chapter 3 for extra information.
28 Read chapter 3 for extra information.

119



Chapter 6The feasibility and potential of enhancing the supervision
of maritime container supply chain frcaneconomic perspective

6.1. Introduction

The increase in international tradptimarily through container transport, has been accompanied by
the emergene of various types of smuggling, including narcotics, weapons, cigarettes, explasives
radioactive and nuclear substances, along with plo¢ential risks and threats associated with these
activities. One of the most remarkable types of smuggling idltbietrafficking of narcoticg primarily
cocaineg through container transport. In 2016, about 70 tonnes of cocaine were seized in European
ports (European Monitoring Centre for Drugs and Drug Addiction, 20418 vital to note that the
currentinspection policy, means of inspection, and procedures are insufficient to counter this problem
efficiently.

Ensuring the safety and security of maritime shipping and minimizing the risks and the potential losses
is an issue of great importan¢€hang etl. 2014. Security must be followed by-jpprocess control to
monitor shipments in the transition phag&hai, 2009).

The volume of freight loaded or unloaded in Antwerp has doubled over the past 20 years to 235 million
tonnes and in 2018, the port of Antwerp handledl1,100,408TEU(Annual report 2019)which
shows 28% growth compared to 2008 a®Pb increase compared to 2017. However, the intertwisted

of international drug trafficking and organized crime, which has settled in the city and its envieens
been asignificantsource of concern for security actors and policymakers in Antwerp for several years
now (Eastor202Q Sys and Vanelslander 2028)2020, Eastorinvestigated the flows of drugs in the

port of Antwerp andexplainedthe socalled Stoomplan to tackle the import and transit obcaine in

the port of Antwerp.

This chapter sheds some light on the increase in the security of the supply chain by enhancing the
supervision of import cargo which aims at reducing illicit trafficking andsléadmprovement and
enhancement of the economic and socadpects of the MarSC. Thuhkjs chapterassesses the
feasibility of enhancing the supervision of the maritime container supply chain from an economic
perspective for the port of Antwerp. bte importantly, itdevelops an innovative scanning evaluation
cost modebased on various scanning rates and locations applied worldwide.

Therefore, for the objectives of this research, three different technologies being Imaging,
electromechanical techgues, and Artificial Intelligeng@l), are applied as théeadingtechnologies

for supporting the efforts of Customs Authorities to enhance the -mirusive supervision
containers’.

In this researchthe cost and benefibf scanningcontainerized cargat the terminal andport levels
are assesse@ndits possibilitywithout hampering the logistics chainesaluated.

2%1n the calcution, the reference year is 2018 and container volume is obtained based on this year.
30Read section 6.2.3 for extra information.
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This chater addresses théollowing research questions

What is the total cost of scanning the containers for the actors involved under various scanning
percentages/ratest the terminal level?

- Howwill the generalized chain coshange under the increasing scanning rate fordaéned
maritime routes from several ports in differentontinentsto the port of Antwerg

The Port of Antwerphasconsidered the case study in this research in which the focuslysan
container terminalsThisresearch applies a twpart methodology initiating withmultiple interviews

to integrateinformation learnedrom the technology evaluation with professional expertjdérst,a
unique scanning costpproachisestablishedo assess the costs incurred by all partieghascanning
scenarioin which in each determinedscenario, this analysis determines the overall costs from
multiple components.

The supply chain cost evaluation is gecondphase of the method, and it evaluates the generalized
chain costunder various scanning optiorisr someorigin ports inAsia, theMiddle East, and South
America to Europe.

This chapter pertains tdN SDG 1&o reduce illicit financial and arms flows, strengthen the recovery
and return of stolen assets, and combat all forms of organized ¢rBasides, the economic and social
aspeds of sustainability oMarSC ee addressed in this research.

This chapter is based on the publisheperby Mohseni et al. 202thowever, itis updated with new
data and calculations and more detailed results along with more elaboration olitéhegure review
and applied methodology.

The remaining parts of this chapter are organized as follows. Section 6.2 discusses the literature review
relevant to maritime safety and securjtgnd section 6.3 argues the interview outcomes and the
scenario deelopment. Section 6.4 explains the applied methodolggiasely(i) a novel developed

cost calculation model and (ii) the adjustments of @€M Section 6.5 reports the detailed results of

the calculationswhile section 6.6 depicts the generalizatiohtbe cost model. Finally, section 6.7
provides the conclusion.

121



6.2. Literature Review

In this section, a comprehensive review of the safety and security of MarSC is predahepwith the
concept of resilience in the MarS@&fterward, a brief explanation of thavailable machinery,
hardware, and software applied to increasafety and security is presented.

6.2.1. Maritime safety and security

Yang et al. (2013Jeveloped a sixstep maritime security assessment methodology supporting risk
modeling and decisiemaking methods. Based on this methodology, the overall security level needs
to be monitored and used as a benchmark to meagsheesecurity changes of a maritime traport
system in its dynamic operational environment.

A MarSCis exposed to various natural and marade riskgLam & Bai, 2016C.Wan et al. 201§
Technical failures or human factors cause maritime safety acadertereas maritime security
incidentstypically originate from piratical or terrorist attacks, which both types lead to property
damage, financial loss, personal injury, and loss ofdifeng et al. 204

The maitime industry's significant safety challenges are considered ship sizes andtiopal
environments; cruise ships and fire; training and crewing |aaablequaterisk assessment and poor

regulation implementation; piracy and maritime securf&GCS 2012; Z.L. Yang et28l13). The

complexity of interaction between ports, maritim@perations, and supply chains creates
vulnerabilities(Barnes & Oloruntoba, 20Q05Uncertainty is anotheessentialcharacteristic in liner
shipping,caused by congestion, uncertain handling time, and weather condjtomswill impact the
dSaasStQa NBfAlIOAfAGR I (F&USNY, 202y adzYLIWGA2Y S YR SYA3

There are three main research challenges on maritime and supply chain vulnerabilities such as (i) less
attention on maritime sector in terms of complex networad resilience and vulnerability; (ii)
different conceps of the term vulnerability used in this field and (iii) lack of analysis of vulnerability in

a combined way bgocial network analysiSNA) and robustness analysis approdéh et al. 2018).

Formd safety assessment (FSA) is the premier methotently being used to analynearitime safety
and the formulation of related regulatory policies by the INR3araftis & Komtvas, 2010; Yang et al.,
2013). Based on FSAyYang et al. (2013feveloped a sixstep maritime security assessment
methodology supporting riskhodeling and decisiemaking methods.
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Figure 61: A sixstep maritime security assessment methodology
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Li et al. (2018¥iscuss thalisruption in landside and seaide operations at a container terminal
includingextremely bad weather, industrial accidents, natwteasters, traffic accidents, or terrorist
attacks

Safety screening and security checsdpublecheck) on the contents of cargo being shipped can
influence MarSC implementatiddasmi & Fernando, 2018y the maritime industry, communication
skills, teamwork skills, leadership, atiee employment of highly qualified human resources play a
crucial rolein ensuringand enhancing safety on board ships (Cicek et al. 2019). The continuous
improvements of security can be used as a primary basis to forecast business sudgkesS@h
managemen(Yang & Wei, 2013).

Visibility has been considered as a new risk parameter in the supply chain in which good visibility will
benefit operational efficiency, productivity, and effective planning in the supply ¢R&itersen et al.

2005; Yu and Goh, 201%yan et al. 2019). Barnes and Oloruntoba 200§hlight the need for
enhancedport crisis management capabiliieand suggest a new classification scheme for mapping
vulnerability within ports and across supply networdkdNCTAD (200@ygues the potentiatisk types
throughout theMarSGand classiésthem into three major fields such as external, internal, and supply
chain risks. Tablé.1 describes the effects of maritime risk throughout the supply chain.

Table 61: Risk typesf MarSC

Potential risk Potential risks Description
types
External Natural disaster Environment risks, such as adverse weather, fire :

risks ice conditions in winter
Piracy/terrorism Piracy/terrorism
Supply chain Congestion in port ~ Capacityproblems in the port area
risks Ports state control Port State inspections, vessel detention risk
Technical downtime Downtime resulting from periodical digocking and
technical maintenance
Ship collision or sinking, the condition efargo
handling equipment, and problems with docume
interpretation
Lack of skilled workers, carelessness, and a lac
management motivation among the workforce
IT system Cyberattack, IT system breakdown
{ 2 dzZNID S Y complasitire bdgeddon UNCTAD 2006

Operational risk

Internal risk Human resource
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Internal risks are deemed the most important among all risk factorapared to external risks and

supply chain risks. Also, internal risks have the most impact on the customer service level. The top

three risks are IT si@ns, operational risks, and human resource managemerd (iskn& Bai 2016).
Similarly,Chang et al. (20145¥tate thatshipping managers should pay more attention to the risks
associated with information flow and physical flow to reduce safety andrggalamage. e top

GKNBS NARal FlFOG2NRER | F#%udisdoyfi ar@Bttaaksiframytedrotistsi () A LILIA Y 3 ¢
damage to ship or quayue to improper berth operationsand(iii) transportation of dangerous goods

Table 62: Risk categories and risk factors of MarSC

Risk Relevant risk factors

category

Information  Hiding cargo information by shippers; Extra service information reque

flow by shippers; Information delay by using different communication chanr
Lack of information security; IT infrastructure breakdown

Physical Damage caused by transporting dgamous goods; Terrorist attacks; Dama

flow to ship or quay due to improper berth operations; Cargos detained
customs; Oil price increase; Unstable weather; Port congestion; Cont:
shortage

Payment { KALIWISNEQ o0 y 1 NYzLIi Oldah coGririgst Ab@nkldnifi

flow cargos in the port of destination by shippers; Currency exchange ir

payment process; Payment delay from partners or shippers; Breg
contract and reducing container volume by shippers
{ 2dzNOSY ! dzii K2 NA Q CORGhhig atali2f12y ol aSR 2y

Balmat et al(2011)evaluate the maritime risk assessment within the framework of the environment
protection and pollution prevention based on the developed decisi@mking systemwhich allows

defining the risk factors basedoii$ G A O LJ NI YSGSNB O6aKALIQa OKI NI Od SN
06SEFGIKSNI O2yRAGAZ2Y a0 Iy R Wakeyd. R201DevelpdmoddnatS NE 0 & K
identifies the risk events relating tdarSG from a whole supply chain perspectivedtwng multiple

dimensions such as technical, operational, managerial, and financial Tis&snain focussion two

risk parameters (i.elikelihood and consequence).

6.22. MarSQCesilience

Supply chain resilience is about the abilitythof supply chain to return to its original state or a more

desirable state after a disturbance and to avoid the occurrence of failure niddesedo et al. 2008)

also, it is the ability to tackle unexpectetisruptionsacross the supply chaifLamé& Baj 2016).

According toSheffi (2006)4 dzLJLJt @ OKFAYy NBaAftASYyOS SYLRGSNER O2
changing market demand and disruption ahead of their competitors.

As substantial researcham& Bai (2016)nvestigate the application of the QFD approaciptioritize

resilience solutions in the shipping industry. A QFD model is employed to translate customer
NBIljdZANBYSyGa 6/ wo Ayi2 AaKALLAY3I OINCIAN(ROSEHEQ RS A A
classification method and specifies three risk grai(i) external risks (environmental risks), (ii) supply

chain risks (networkelated) and (iii) internal risks (organization related). $tely's findinggrovide

AAE NBaAaAtASYOS YSIadaNBa G2 YAGAIDleSsbntidaneasfrd iDad NI &
the contingency plan. Other plans are monitoring and maintenance, supply chain relationship
management, dvanced IT systes) drategic alliances and brecast accuracyFurthermore, six
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customer requirements are defined in which the top three are (itiore and hassldree shipment
delivery, (ii) easy redaime shipment tracking, and (iii) professional and helpful staff followed by (iv)
shipment safety and security, (v) erffsee B/L anl invoices and (vi) fast service.

6.23. Sate of theart technology

Customs Authoriesare a central player in the crodsorder movement of goods and people. Many
customs authorities are consideringsing various technologies to contribute to the efient
simplification and enhancement of border control. Technology is changing rapidly, andritpeitt
the current processes of the Customs Authori8y,. blockchain, electromechanical techniquése
Internet of Things (IoT), and imaging will chahge it processes border trafficThis section details
the technologies mentioned abownd identifies the ones with potential for this study

Imaging

In the context of this study, imaging defined as the domain in which electromagnetic radiation is
used to penetrate objects (in part or whole) for internal analysis. Any radiation detected is processed
into an image, whickan operator typically interpretsCustoms Authorities worldwide uglkis most

familiar and widely known imaging techniqueray imagingto inspect different types of cargo (e.g.
luggage and containers). It can enable customs inspectors to identify what is inside a container, to
determine whether itrequires additionalchecking(COSMIC project 2019, Rogers et al. 2017,
Kretschmann and Munsterberg 2017, Astolfo et al. 2017, Jaccard et al. 2016, Van Liew 2016, Valkovic
et al. 2016, Saverskiy 2015; Kolkoori et al. 2014, Firsching et al. 2013).

Electromechanical techniques

Theyare regarded as a combination of air sampling and the analysis of thAtaiticaladvantage of
this technique is that it makes it possible to obtain an overview of the compomeesent in the air,
thereby helping the Customs Authoriigentify containers with possible contraband insidédsq the
time needed to conduct analysis is relatively short, oftemiaute or lesgGiannoukos et al. 2016).
This technigue could detect narcotics inside containers for custaitheut opening them(Combating
Terrorism Technical Support Office 2018).

Blockchain

A highly promising technological domain is defined as a sophisticated, cryptographically distributed

f SRISNI I NOKAGSOGdzNB A GK | 02y Ay dRakeHaiisued LI y RA Y
to move any data securely and quiclydtransmit documentation of such changes to the participants

in the blockchain network instantlyeliably, and immutably. The application of this technology would

allow the endto-end availability of supplghain information and aisgle sharedsource of truth

(Popov et al. 2019; Carlan et al. 201Blpckchain technology has considerable potentiainbpact
customsrelated processes (e.,gleclaration, exchange of information, identity management).
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Internetof Things (loT)

It is defined as the intenetworking of connected devices and smart devices. Electronics, software,
sensors, actuators, and network connectivity are embedded in vehicles, buildings, and other items,
enabling them to collect and exchandata. Various initiatives have been launched within the context

of transport and customs, including smart ports (g.gamburg),innovative seals, and smart
containers (e.gasset tracking of perishable goodsluh et al. 2016; Dong et al. 201B3jke blakchain,

IoT requires sectewide implementation before it can be integrated into customs processes
(Vannieuwenborg 2018).

Al

The domain of Al is broad, and it can be applied in multiple circumstances. It refdevdtoping
computer systems capable performing tasks thatypically require human intelligence (e,gisual
perception, speech recognition, decisioreking and translation between languageglis already in

use within customs, particularly in intelligent logistics regulatory equipmienpvative regulatory
system, intelligent cooperation with other government agencies and customs administrations, and
intelligent cooperation between customs administrations and companies. It couldbalased for
analyzing various data sources based arameters to indicate whether a particular container should

be chosen for manual inspectigAkcay et al. 2018, Fombellida 2014).

The literature review reveals thatustoms are already applying imaging and Electromechanical
techniques domains. Technolegl innovation within those domains or the development of different
uses for existing processes within other sectors could help the Customs Authority improve containers
nor-intrusive inspection. However, blockchain and loT are still immature, and theyredqitiatives
supported by an entire industry before integrating into customs processes

Moreover, Al canhave an immense impact on customs processes. Given enough data and training,
the technology would conduct human actions more efficiently than husnean. The number of
border controls will increase along with the continuing increaggoir container transport

Overview of relevant literature investigates the risk factors, risk mitigation issues, legislation, and
procedures concerning maritime safednd security. Prior studies have shown that the establishment

of safety and security in MarSC is one of the most significant interests and critical concerns, as
maritime shipping is exposed to various threats. Additionally, supervision enhancementtaineon
supply chain supervision ¢sucial to improvingafety and security while reducing the possibility of
illicit trafficking. This chapter examines the viability of establishing a new cost calculation model to
enhane the supervision of the maritimenatainer supply chain from an economic standpoint for the
port of Antwerp. The model considers different stakeholders and cost compof@asisd on three
scanning rates and key scanning locations.
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6.3. Interview and scenario development

Severainterviewshave beerheldwith scanning technology providers and with associations (and their
members) of shipping companies, freight forwarders, shippers, trucking companies, terminal
operators, and customs authoritiés combine knowledge gained fromettechnological assessment
with experience from the professional field

The obtainednformationis beneficiato identify the various process stepappeningduring the port
activities, along with their corresponding locatigotiming, and dimensionskF-uthermore, the results

of the interviewsare usedasthe basis forconsideing future scanning scenarios.

6.3.1. Interview and data collection

A qualitative studys conducted to generate insight into thdiversecontainerscanningorocesses at

the Portof Antwerp and thepossibilitiesand limitations of the different chain actorsconcerning
changes in these proceduresthe caseof enhancing scanning rateshe output of interviewsbout

the current scanning process is reported in the following sectignich will be the basis for future
scenarie and the actual calculations.

The performed interviews with sector associations show tha®% screening isompleted and a
selection for further investigation (scanning and physical inspection) is made(paitig automated
risk-analysis tools based on the information provided through various information sources and
documents, including the Entry Notification Summary (ENS), the Declaration of Temporary storage,
the Commercial Manifest and the Customs Declaration documenirently, the riskanalysis
procedureleads tothe scanningf less than 1% of all incomiegntainers

Communication process

Once a selectiofis made for scanning, the decision is communicasedomaticallyto the various
parties involved (shipping agenterminal operator, declarant, monitoring team). If tiselected
containers do not appear at the designated scanning site on time, the Custatingrity is entitled to
take measures, including the imposition of fines.

Scanning process

This study focuseonly on the dedicated container terminalghere the scanner type is fixedThe
current scanning process at the container terminals of the port of Antwerp is accomplished in & specif
site outside the terminal.

Once a container is selected for scannivased on the risk analysithe Customs Authorityis
responsiblefor choosinghe type of scanneteither afixed or relocatablene, depending on various
considerations (e.gwhether physicais required).

The duration of the scanning process can vdgpending on the location of the scanning site, the
type of scanning equipmenand the image analysi$he fixed scanning locatioreeds approximately
one hour (forthe transition fromthe container termnalto the scanning location outside the termipal
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and five minutes for scanning itselfhe image analysis takeg3® minutes (in the calculation, it is
considered on averagiteen minutes), depending on the quality of the image, the contents of the
scannedcontainer,and the exgrience of the imageralyst.

Physical inspection

Physical inspectiois performed in the following sitations:

A The risk analysis identifies the container as a high potential risk.
A Thecontainer's imagés inconsistent with the declaration documents provides insufficient
information.
A Some containers are selected for physical inspection in advance, regardless of the scanned
process.
The time required for physical verification depends on all ofdtveditions above, whether the entire
container must beunpacked, andhe type of goods (e.g.the complexity of thecontent). The
FRRAGAZ2YIE O2ada Faaz2o0Al SR ganKn LXK &layk Bd phil 985 NI NGB\
by shippers and billed to thénal customer. Based othe interviews, approximately 568% of all
physical verifications resuh false positives

The number of required operatordepends on the type of scanning devi¢eor the fixed scanning
system, & 7 operators for each tunnel ameeded,and if both tumels are usedimultaneouslythen

8 ¢ 9 operators areequired overall. Tvo analysts argequiredto analyze the scanning results per
each working shiftwhich means four people per day.

The interviews with sector associations reveal that the stakehslg@arceive both problems and
positive aspect@bout the current scanning process and the potential for future alternatividse
advantages and disadvantagefkthe current scanning procedsoth from technology and operational
perspectivesare plotted inTable 63. Based on interviews, it can be noted that the current scanning
process and operation are not effective in overcoming illicit trafficking at the port of Antwerp.

Table 63: Positive and negative aspects of the curreoanning process

Type of scanning Advantages Disadvantages
system
Fixed and Relatively good results fo Scanning location outside the termin

relocatable  Xay different types of cargo leads to (i) dditional movements, timge
container scanners compared to the mobile and costsfor transportation toscanning
scannerdue to dualview location (ii) high isk of escapeduring

imaging transport
Shipping companies ar There is sboptimal image quality with
informed in advance containers with comlicated cargo or

organic materials (drugs) detection
Time requirement 30 minuteg for
starting up the system.

The high number of staff require € 7)
per scanner.

128



6.3.2. Scenario development

In this study, several scenarios are taken into acctmmstimate the economic effect of applying the

state of art technologies and new scanning locations to increase the scanningviatesninimizing

the delay and congestion in the supply chain proagssration at the terminalln total, five main

scenarios are considered. The filBtOSY I NA2 A& (KS AGaNBFSNByOS aoSyl
scanning operation, while other scenarios belong to alternative or future scenarios compared to the
referencesituation. Table &l plots the details of eachcenarigincluding scanning rates and locations

and the relevant deice employed in each scenaribhe following sutsections discuss each scenario

is in detail.

Table 64: Scenario development

Scenario  Scanning location Technology Scanning rate

Scenario 1 Current operation: Existingechnology: X 1%
outside the terminal in ray system
a specific scanning

location
Scenario 2 Central scanning X-ray system Scenario 2.1 5%
location inside the FS6000DV Scenario 2.2  50%
terminal Scenario 2.2 100%
Scenario 3 In the OCR lanes at the Xray system Scenario 3.1 5%
gate out FS6000DV Scenario 3.2 50%
Scenario 3.2  100%
Scenario 4 Air analysis on the Headspace sampling Scenario4.1 5%
crane and ion trapping Scenario 4.1  50%

Scenario 4.1  100%
Scenario 5 Combination of Air Headspace samplini 100% of the containers with ai

analysis on the crane and ion trapping analysis and 10% with theray
and OCR lanes at th and Xray system system
gate out FS6000DV

6.3.2.1. Scenario 1

This scenario corresponds to the current implementation of scanning. Curremly, 1%of all
imported containersaare scanned at the scanning locatidhe slected containersnustdepart from

the terminal to the scanning locatioffhis study and intervieware assumed to be one hour as a
commonvalue for all terminals. After the scanning operation, the contaimerst remain at the
scanning location fomageanalysis resuit

Consequently, based on the image analysither the container is required to proceed to the physical
inspection site for further investigation, or it is allowed to leave the scanning location. In the latter
case,mostcontainers (80%proceed to their final destinations in the hinterland, while only 20% are
required to return to the terminal, which generataglditionaltime requirementsas these containers
must pass through the gate out for a second time. These costs appear as dedagoits in the
calculation DT,).
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6.3.2.2. Scenario 2

In Scenari@, the scanning operation is performed at the actual terminal itself, and the scanning
location is known as the central scanning location inside the termindifferent scanning system has
been used athe FS000DV Xay system.

Threedifferent scanning rates amonsideredn calculatingcosts: in scenario 2.1, theeanning rates

5% of all the imported containers, while this value is increased to 50%@% in scenarios 2.2 and

2.3, respectively. This scenario makes a difference in the unloading and stacking of the containers
inside theterminal. Figure 6.2lisplays the unloading and scanning operation in scenario 2.

Figure 62: Scanning operation in scenario 2
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After scanning, the container is transporté@m the scanning location to the stackyard to load the
container there Only 5% of alscanned containerare selected for physical inspectiofurthermore,

while the scanned containers are transported to the stack yard, the scanning image is being analyzed
to avoid delays in operational processds a container requires physical verification, it will be
transported from the staclard to the fysical inspection location.

6.3.2.3. Scenario 3

This scenariaisesthe FS6000DW-ray technologyasthe same ascenario2. In this case, however,
the scanning is performed the OCR lanes at the gate out.

In this scenario, after the scanning operatiat OCR lanes, the containauststay there and wait for

the image analysis resulProviding enough space for stacking ttantainersafter scanning is an
important issue in which the increase in th&canning rate leads to the rise of the space required. In
scenario 3.1, thescanning ratdés 5% of all the imported containers, while this value is increased to
50% in scenario 3.2 and 100% in scenariprdspectively.

There are several OCR lanes inhetrminal however, not all the lanes are equipped with scanners.
In each scenario and based on the scanning rate, some of the lanes will be equipped with scanners
which means as the scanning percentage rises, more scanners are required.
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6.3.2.4. Scenari4

In this scenario, the air analysis is performed on the crane. The technology ustw is
Electromechanical technigueombined with headspace sampling and ion trappindlith this
technology, air sampling air analyses are carriedvehite containers a unloaded from the ship to
the quay yardwhich takes approximately two minutés. In this scenario, no scanning operations or
image analyses are performe@onsequently, lpysical inspection is requirdd the case of negative
results forcontainers. h scenario4.1, the scanning ratés 5% of all the imported containers, while this
value is increased to 50% and 100% in scenarios 4.2 anegp@ctively.

6.3.2.5. Scenario 5

In this scenario, a combination of two different technologies dsnsidered First, the
electromechanical technique is used for 100% of all the imported containers. Then, 10% of these
analyzed containerswill be scanned with the FS6000DVay system. The aim is to figure out the
efficacy ofcombiningtwo technologies. The scanning location is consideneithie OCR lanes at the

gate out (see scenario 3).

31 Approximately 90 seconds are required for sucking the air and 30 seconds for analysis.
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6.4. Methodology

The methodology applied in this styds twofold. First, a novel scanning cagproachis developed

to estimatethe total costs experienced by all actors involved under a specific scanning scenario and
at a particular terminal and port. This analysis calculates the total costs from various cortgponen
each determined scenario.

The second part of the methodologytie supply chain impact analysis in which the generalized chain
cost for maritime trade routes between Asthie Middle East, and South America on the one hand
and Europen the other hands evaluatedAn extension of theCCM(see chapter Bis appliedAs the
transport time is acrucialelement of the generalized cost, the time related to the tpscanning
process and the transport tim@r the entire transport chaimas been consideredach part of the
methodology will be explained in detail in tfalowing sections

6.4.1.Scanning Co#pproach

As the second part of the methodology new cost calculation model was developed to evaluate the
operational scanningost in different locations and scenarios. Some common parameters are applied
throughout the calculation andhitially plotted in Table 6.5

Table 65: Common cost elements

Parameter Value and unit Reference

of measurement
Number of operational days in a ye:¢ 264 Days Data collection
Number of workindhours in a day 16 Hours Interview with Belgian Customs
Number of shifts in a day 2 Interview with Belgian Customs
Number of working hours in a shift 8 Hours Interview with Belgian Customs

All the cost components considered in the calculationexplained in each scenario

6.4.1.1. Estimation of the totabmber of scanned containers

The total number of containers is calculated as follows
N total = Nhandled comaine;k Shal'e Of N_Jnloading containe?‘ Shlpment faCtOT * MeanSfdranSport faCtOT
(Eq. 6.1)

In which:

- N handied containe= The total number ofmanaged containers at the port of Antwerp i2018
[TEUyear].

- Share ofN unioading container= The number of imported TEUs the Port of Antwerp in 2018
[TEUyear]. The unloading rate at this port is 44#hile the loading rate is 36(Annual report
2019).

- Shipment factor In the calculation, only the volume of ntnansshipment cargo is taken into
account which is 42% at the port of Antwerp. This value means that the port Antwerp is the
destination of 42% of all the imported goods.
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- Means of transport factor €argo carbe transported from port to the final destination by
either road, rail, or inland waterwapowever, in this chapter, only road transport, hence, the
share of the tuck, which is 52%is considered.

6.4.1.2.Cost calculation process and cost componersenario 1:

In this scenario, the cost model is developeded on Equation 6,2/hich evaluateshe scanning cost
per terminal.

Sce 1 COStTc+ SQ+ SIA"' P|c+ INVc + Ma|c +Trc+ HWc+ COMtaff cogt+ COM—lardware cost+ WTc+ DT
cost for reurit CONCES + EleG + Cah (Eq. 6.2)

The following sections explain each of the cost parameters.

Transition cost (J = GravelIP* T traver* N sc (Eq 63)
Tc = Transition cost from termindo the scanning location

Table 66: Cost components iffic

Symbol Cost component Value and unit of Reference
measurement

Cravelcip Travel cost to 50 EUR(TEU*our) Interview with Belgian Customs
scanning location

T travel Travel time to 1 Hour Interview with Belgian Customs
scanning location

Nsc Number of scanned TEUyear* Calculation
containers

* This value is obtained by multiplying tNeotas Obtained from Eq. 6.1 by 1% e current scanning rate.

Scanning Operation Cost ($© Nperson* N shit* Ng* GS * M (Eq. 6.4)

Table 6.7: Cost components iSO ¢

Symbol Cost component Value and unit of Reference
measurement

Nperson ~ Number of persons 5 Interview with BelgiarCustoms

involved for one scanner

device
N shift Number of working shifts 2 Interview with BelgiaitCustoms
N d Number of scanners 3 Interview with BelgiartCustoms
GS Gross salary 2600EURmMonth  Interview with BelgiartCustoms
M Number of months of the 12 -

year
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Scanning Image Analysis Cost {StAN\person* N shit* GS * M (Eg. 6.5)

Table 68: Cost components iSIA ¢

Symbol Cost component Value and unit of Reference
measurement
Nperson  Number ofimage analyst 2 Interview with Belgian Customs
N shift Number of working shifts 2 Interview with Belgian Customs
GS Gross salary 2600EURmMonNth Interview with BelgiartCustoms
M Number of months of the 12 -
year
Physical Inspection CostdPt Goi* N pc (Eq. 6.6)

Table 69: Cost components iRl¢

Symbol Cost component Value and unit of Reference
measurement
Cri Cost of physical 700BURTEU Interview with Belgian Customs
inspection
Npc Number of physically 5% of all the scanne« Interview with Belgian Customs

checked containers  containergTEUyear)

Investment Cost (INY= INVjearly cost (Eq. 6.7)
INVyearly cost= TOtal investment cogif all the three scannerkLifetime ofthe scanner (1)

Table 610: Cost components ilNV.

Symbol Cost component Value and unit of Reference
measurement
Inv ta Total investment cost 11,424,336EUR Interview  with  Belgian
cost Customs
Ls The lifetime of the 10 Years Interview  with  Belgian
scanner Customs
Maintenance Cost (Mai ¢) = Mak yearly (Eq. 6.8)

Table 611: Cost components iNai ¢

Symbol Cost component Value and unit of Reference

measurement
Mai cost The average yearly 431,991 Interview with Belgian Customs
yearly maintenancecostof all BURyear

three scanners
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Training cost (Td) = Thearly cost (Eq 69)
Tryearly cost= Yearly training cos$s estimated by dividing thigaining cost byten years (evice lifetine).

Table 612: Cost components iffirc

Symbol Cost component Value and unit Reference
of measurement
Tr wta Total training cost 25,410BUR Interview with Belgian Customs

cost
Lt The lifetime of the scanner 10Years Interview with Belgian Customs

Hardware cost (HW c) = C computer * N req,computer (Eqg. 6.10)

Table 613: Cost components iHWc

Symbol  Cost component Value and unit of Reference
measurement
Ceomputer Computer cost (cost 863BURYyear Based onthe Dell Company website

of each computer

needed for image

analysis)
N The number of 2 Interview with Belgian Customs
req.computer  fequiredcomputers is

equal to the number

of image analysts

Communication Process Cost (COM c) = COM staff cost + COM Hardware cost

There are two types of costs in the communication process: the first is for sendimgjle and
notifications, and the seconid for hardware cost (computers need).

COMiestatf cost = COMkstaft required® GS * M (Eqg. 6.11)
COMistaft cost = Staff cost for communication

Table 614: Cost components i@OM staff cost

Symbol  Cost component Value and unit of Reference
measurement

COM sttt Number of staff required 2 Interview with BelgianCustoms
required for communication and calculation

process *
GS Gross salary 2600BJR/Mmonth  Interview with BelgiartCustoms
M Number of months of the 12 -

year

* Based on an interview with Belgian Customs, in fdia¢ different emails are sent for the entire scanning
process for each container, by assuming that it takes three minutes for each email, thus based on calculation for
every 64 containers per day (16 working hours), two personsgrered (one personep shift).
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COMHardware Cost= Ccomputer* N req,computer (Eq 612)
COMHardware cost= The hardware cost for communication

Table 615: Cost components i@OM Hardware cost

Symbol Cost component Value and unit Reference
of measurement
Ccomputer Computer cost (cost of 863BJRyear Based on the Dell Compar
each computer needed fol website
communication)
N req.computer Number ofrequired 1 Interview with Belgian
computers * Customsand calculation

* In this case, the total staff required for the communication process is divided by 2 to obtanedted
computers.

Concession, electricity usage, and pipes and cable usageComstss ¢ + Elec ¢ + Cab ¢
(Eq. 6.13)

Based on obtained data from Belgian Customs, the annual average value for concession cost, power
consumption costand cable usage cost is evaluated for each terminal in 2018. The original data is for
the year 2010then, by applying théroducerPrice hdex PP}, the values e computed for 2018.

In this scenario, there are also some costs related tofhgortunity cost or indirect costvhich mainly
include the time lost and delay time for truck companies due to the scanning operation.

Waiting Time Cost due to scanning outside the terminal (WT c) (time lost cost)

This cost mainly applies to truckingnapaniesthat wait at the scanning location instead of moving to
the final destination. This cost is computed acling to the following equation:

(WT C) = Gavel destination” ([T sot TSIA]) *Nsc (Eq 6.14)
WT c¢ 2Waitingtime cost due to scanningoutside the terminaltime lost cost)

Table 616: Cost components iWTc

Symbol  Cost component Value and unit of measuremen Reference

C vwave Travelcostto the 49 BUR(TEU*oun) Calculation

destination  final destinatiory

Tso Time spent on one 0.083 Hour ** Interview with Belgian
scanning operation Customs

Tsia Time spent on 0.25 Hour *** Interview with Belgian
scanning image Customs
analyzing for one
container

Nsc Number of scanned TEUyear** ** Calculation
containers
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* Based on teleroute.com thead transport cost is 0.82JRper km.Considering the truck's speed is 60 km/h,

the distance transported for one hour is 60 km. By multiplying these two values, the travel cost for one hour is
obtained as 4BJR(TEUhour).

** As it was mentioned, the scanning operation takes 5 minutes.

*** As it was mentioned, the image analysis takes 15 minutes.

**+* This value is obtained by multiplying tHéta Obtained from Eq. 6.1 by 1% as thwrent scanning rate.

Delay time cost for the return to the terminal and passing the gate osb@Dor return)

This cost appliesnly to the current scenario where the scanning location is outside the terminal
Based on received data from Belgian customs, approximately 20% of scanned containers return to the
terminal. Thereforethese containershave a delay timelue to coming back téhe terminal and
passinghe gate out for the second time. This cost is calculated as follows:

(DTcost for retur) = Gravel destination” T retun * N scr (Eq. 6.15)
DTeost for return 2Delay time cost fothe return to the terminal and passing the gate out

Table 617: Cost components iDTcost for return

Symbol  Cost component Value and unit of Reference

measurement

C  tave Travel cost to the fina 49 Calculation

destination destination BUR(TEU*our)

T return Average return time for eacl 1.083 Hour Interview  with  Belgian
container to come back t Customsand calculation
the terminal + to pass on
gate out*

N scr Number of return scanned TEUyear** Interview  with  Belgian
containers Customs

* |t takes one hour to transit from the scanning location to the terminal. Based on an interview with Belgian
customs, it takes five minutes for the truck to pass the gate out.
** This value is obtained by multiplying the total number of the scanned containers by 20%.
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6.4.1.3 Cost calculation process and cost components in Sc2nario

In this scenario, the cost modeldeveloped based on Equation 6,4@hich evaluates he scanning
cost per terminal.

Sce B COStSQ;'l' SIA"‘ P|c+ IN\/c + Ma|c +Trc+ HWc+ COMtaff cost+ COM—lardware cost+ ConceS+ E|eC
¢+ Cah (Eq. 6.16)

The following sections explaeach of the cost parameters.

Scanning Operation Cost ($© Nperson* N shit* Na* GS * M (Eqg. 6.17)

Table 618: Cost components i8Qc in scenario 2

Symbol Cost component Value and unit of Reference
measurement
Nperson  Number of persons involve 5 Data collection
for one scanner device

N shift Number of working shifts 2 Interview with Belgian
Customs

N g Number of scanners X * Calculation

GS Gross salary 2,600BUR/Mmonth Interview with Belgian
Customs

M Number of months of the yea 12 -

* The calculationindicates that for scanning 120 Containers [Tj&d hour], one FS6000DV -iy systemis
required.This xray system can scan each container in 30 seconds.

Scanning Image Analysis Cost (SIA ¢) = N person*GS *M (Eq.6.18)

Table 619: Cost components iflA¢ in scenario 2

Symbol Cost component Value and unit of Reference
measurement
Nperson  Number of image X* Calculation
analyst
GS Gross salary 2,600 BUR/Mmonth Interview with BelgiaitCustoms
M Number of months of 12 -
the year

* The time spent oimage analyzing for each scarheontainer is 15 minuteSimilarto scenaridl, two analysts
mustinterpret each imageimultaneouslyAccording to the caldation, faur analysts areequired for every 64
scanned containers per houmeaning two persons per shift.

Investment Cost (INY= InVjearly cos?* N ¢ (Eqg. 6.19)
INVyearly cost= Total investment cosif the FS6000DV scannktifetime ofthe scanner (i)

Table 620: Cost components itNV¢ in scenario 2

Symbol Cost component Value and unit of measuremen Reference
INV totar ~ Total investment 3,100,0008UR Datacollection
cost cost
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Ls The lifetime of the 10Years Data collection

scanner
Nad Number of scanners - Calculation
Maintenance Cost (M@i = Maicost yearly* N d (Eqg. 6.20)

Table 621: Cost components iMai c in scenario 2

Symbol Cost component Value and unit of Reference
measurement
Mai cost The yearly maintenance co: 240,000 Data collection
yearly of the FS6000DV scanner  BURYyear
N d Number ofscanners - Calculation
Training cost (Td = Tkearly cost (Eq. 6.21)

Tryearly cost= Yearly training coss estimated by dividing thiaining cost byten years (levice lifetine).

Table 622: Cost components ifirc in scenario 2

Symbol Cost component Value and unit of Reference
measurement
Tr wta Total training cost 30,000BUR Interview with Belgian Customs
cost
Lf The lifetime of the 10Years Interview with Belgian Customs
scanner

Other cost components such as hardware dgt/c), communication process cosEOM g, physical
inspection costFl.), concession, power consumption, and cable costs are estimated as explained in
the section cost calculatioprocess for scenarit.
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6.4.1.4.Cost calculation process and cost components in Sc8nario

As in this scenaridhe FS6000DV scannierapplied ashe same as in scenariq thus, the following

cost components are evaluated as explained in the previous sceneaionisgoperationcost (SO),
scanning image analysigst SIA), investmentcost (NV¢), maintenancecost Mai ¢), training cost{r

¢). Besides, other cost components such as hardware (Ett;), communication process cosTQOM

o), physical inspection cosPlc), concession, power consumption, and cable costs are estimated as
explained irthe section cost caldation process for sceniar 1.

In this scenario, the cost model is developed based on Equation\gt2éh evaluates the scanning
cost per terninal.

Sce C COStSQ;+ SIA"' Plc+ IN\/c + Ma|c +Trc + H\M"’ COMtaff cost+ COM-lardware cost+ ConceS+ E|eC
o+ Cab+ WT; (Eq.6.29)

However,a new cost parameteapplies only to this scenaridhe time lost cost due to scanning at
OCRor Waiting Time Cost{WT ). This time lost is an opportunity or indirect cost and includeset
spentscanning itself and thegnage analysis.

This cost applies to trucking companikat wait at theOCR lane (scanning locatiamgtead of moving
to the final destimtion. This cost is computed according to the following equation:

WT ¢ = Ciravel destination” ([T sot TSI/-]) *Nsc (Eq 623)

Table 623: Cost components iWTc in scenario 3

Symbol  Cost component Value and unit of Reference
measurement

C  wavel Travel cost to the fina 49BJR(TEU*hour) Calculation

destination destination*

Tso Time spent on one scannir 0.008 Hour ** Datacollection
operation

Tsia Time spent on scanning ima¢ 0.25 Hour *** Interview with Belgian
analyzing for one container Customs

N sc Number of scanned containel TEWyear** ** Calculation

* Based on teleroute.com the road transport cost is E3Rper km.Considering the truck's speed is 60 km/h,

the distance transported for one hour is 60 km. By multiplying these two values, the travel cost for one hour is
obtained as 4BUR(TEUhour).

** As the FS6000DV scanner is used, the scanning operation takesnhialfite.

*** Ag it was mentioned, the image analysis takes 15 minutes.

**** This value is obtained by multiplying thé¢wt obtained from Eq. 6.1 e scanning rateén each scenario
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6.4.1.5.Cost calculation process and cost components in Scdnario

In this scenario, the cost model is developed based on Equation\gti?¢h evaluateshe scanning
cost per erminal.

Sce D CostINV. + Maic +Tr. + PL+Conceg+ Ele¢ + Cah (Eq.6.24)

In this scenario, all the cost components pertain to the device of electromechanical technique. The
applied cost components into the calculation are as follows: (i) number of required devices for, cranes
(i) investment cost, (iii) maintenance cost, (iv) training cost (which is included in the purchase cost),
and (v) physical inspection coBurthermore there is no communation process costGOM,) in this
scenario asir analysis is performed duririge unloading procesdn the following section, each of

the mentioned cost elements is explained.

Required number of devices for cranegq(@ic3

Port of Antwerpis known for the high productivity of its containeardling, with40 movesper crane
per hour (Annualreport 2019). Thereforeto obtainN req devicethe following equation is used:

N req devicee Number of containers SHOULD BE testedy&&f)* / Number of containers CAN BE tested
by one crane [THifkar] ** (Eq.6.25H

* Based oractual data, this value is estimated.
** As there are 40 moves per crane thesach crane that is equipped with omdectromechanical device
(headspace sampling and ion trap) can test 40 containers in one hour.

Investment Cost (INY= INVearly cost® N req device (Eg. 6.26)

INV yearly cost= Total purchase costs of both headspace sampling and ion trap devices/Lifetime of the
devices (f). Thedevices' training cost (Tr i also included in this cost element

Table 624: Cost components ilNV. in scenario 4

Symbol Cost component Value and unit of measurement Reference
Inv ot Totalpurchasecoss 125,000BUR Data collection
cost
Ls The lifetime of the 10Years Data collection
devices
N req Number of required X* -
devices

device
* This value isbtained based on Equation 6.25.
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Ma|ntenance COSt (Ma) = Maicost yearly* N req device (Eq 627)

Table 625: Cost components iNaic in scenario 4

Symbol Cost component Value and unit of Reference
measurement

Mai cost Thesum ofyearly maintenance costf 13,000 Data collection

yearly the devices BURyear

N req Number of required devices X* -

device

* This value is obtained based Equaion 6.25.

Other cost components such as physical inspection &g}, (concession, power consumption, and
cable costs are estimatdzhsed on thecostcalculation process for scenario 1.
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6.4.2.Supply Chain Impact Analysis

The modelexplained inchapter 3is extendedwith detail of the port container scanning and physical
check process. Various options of scanning and screening are introduced, impacting each differently
on staff and equipmenteedsand on-time consumptionln the section ohandling costa new cost
section calledcustoms costare added to the model.

Figure 63: UpdatedCCM

Mobile station

Cost

In this sectionthe scanning rate and physical inspection rate of all the containers are assigned initially.
Then,the relevant cost and time parameters are inserted based on choosing the fixed or mobile
scanning procesd-urthermore, a new maritime route: South Amerkel] is incorporated into the
model. The input data collection of the ports of the loop and the characteristics of each port are
obtained based on the explained references and procediwekapter 3

The maritime trade route from South America to Europeseélected to assess the effect of scanning
operations on the generalized chain co$he origin port is the port of Santcand the destination
port is the port of Antwerp. The considered supphain is plotted in Tabl&26.

Table 626: Ports in the loop

Loop Ports in the loop

Buenos AireRRio GrandeNavegantesSantosBahia de Sepetetibal
RotterdamBremerhaferAntwerpenLe HavreSinesRioSantosBuenos
Aires

" These routes are based on existing container loops

South America
Europe

Besides, other details such as vessel size, fuel used inside and outsidécE@w, reported in Table
6.27.
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Table 627: Features of the vessé&

Property Value Property Value
Vessel size (TEU) 5,466 Fuel Used In ECA HFO + Scrubber
Installed power(kW) 24,680 Fuel Used Out ECA HFO
Design speed (knots) 21.73 Fuel used of main engin' 4.58

(tons/hour)
Average payload ship (¢ 80 Type of engine Diesel Engine
of payload)

The results are obtained by calculating the vessel owner cost (EUR) and generalized chain cost
(EUR/TEU) for the selected maritime route firstly without applying the scanning cost iefdhence
situation, while in thefollowing scenario, the scanning costs arsedat the port of Antwerp as the

final destination.

32See chapter 5 for further details of calculation process of the values.
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6.4.3. Sensitivity Analysis

Al is a promising technology that csignificantly impaceveryday life. Al can be beneficial in different
fields andindustries such as machine learningvhich helpsimage processingnore quickly and
efficiently. This research considers a sensitivity analygiapplying Al to image processing instead of
the current manual image analysis. The objective is to assessffén of Al on scanning operation
and especially image processifigm an economic perspectivén some scenarios, such as 2, 3, and
5, Al is considerethe image analysis tool as in these scenafmoscanning system is carried pand
therefore, Al isapplicable for image processinghile in scenario donly air analysis is performed.

There are some cost parameters concerning the Al in which all of them are included as the investment
cost. Consequently, it does affect tBeanning Image Analysis C(&itA) and Hardware costf{W )

for all the scenarios and Time lost cahte to the scanningor Waiting Time CosfWT c)in some
scenarios where applicable. Furthermore, the new value of the time parameter is incorporated in the
CCM(seeFigure 6.3

Ba®d on an interview with Belgium customs, soméhaf required components of Al are obtained. In
this case, only one personrieededfor image processing per container, while with the current manual
analysis, two persons are involved for each contaiRathermore, the average time of image analysis
is reduced fronmll5 minutes to only 5 seconds.

Table 628: Cost elements of Al

Parameter Value and unit of Reference
measurement

Average time for image analysis 5 Seconds Based onreceived data from

Belgian Customs
Number ofimage analyst for one 1 Based on received data frot
scanned container Belgian Customs
Yearly investment cost of Al (lav 641,875BUR Based on received data froi
yearly) Experts
Total investment cost of Aer 10 6,418,750BUR Based on received data frot
years Experts

Therefore, it can be concluded that brings additional costsonsiderednvestment costs; however,
it reducesthe image analysis time anthe number of required image analysts. Thesdues are
considered in the calculationand the obtained results are explained in the next section.
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6.5. Results

The economic impact and supply chain costs are calculated for each scenario, respectively, based on
the applied methodologiesTheobtained results are explained into two parts; first, the total scanning
cost in each scenaricnd the share of the cost components are plotted, and second, the generalized
chain cost changes in each scenario are caegb#o current (base) scanning oper@tiare illustrated.

6.5.1.Results of economic impact analysis

In the following sections, the total annual cost of scanning \ijthumanimage analysis an(i) the
costof image processingith Al(sensitivity analysigre reported separately for each scenarforst,
the annual scanning sts are plotted in one figure.

Figure 64: Yearly scanning cost in each scenario

50.000.000
45.000.000
40.000.000
35.000.000

30.000.000

25.000.000

20.000.000

15.000.000

10.000.000

5.000.000 I
. 1

Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenarlo
1 21 2.2 23 3.1 3.2 33 4.1 4.2 43

annual scanning cost [EUR]

M Total scanning cost (Human Image Analysis) Total scanning cost (Al Image Analysis)

Risinghe scanning rate leads to ancreasein the costs oscanning. Companng the results obtained
for each scenario reveals that increasing the scanning rate would dramaticallysescaaning costs
The most expensive scenaiiivolvesscanningat the gate out (scenario 3) relative szanning at
other locations.
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6.5.1.1. Scenario 1

In scenaricone, only manual image analysis is performed. The share of cost itemparedto the
total cost is plotted irFigure 6.5.
Figure 65: The ratio of cost components saenario 1
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Theinvestment and scanning operation costs have the highest share among all the components.
Besides, transition cost to the scanning location is considered aige€actor in the total cost.

6.5.1.2. Scenario 2

In scenarios 2 and, 3vith a 5% scanning rate, the scanning operation with human image analysis
shows the lowest cost. However, as the scanning rate increases (50% and th@086anning cost

with human image analysis rises dramatically, and Al scanning operation is adpgiterby showing

the lower cost. It can be concluded that Al could be considered the best type of image processing if
the scanningate is at least 20% of the imported containers if the scanning location is inside the
terminal and a minimum of 6%the sannirg location is at the gate out.

Table 629: Number of required scanners and image analysts in scenario 2

Scenario 2 Na (Number N person(Number of N person(Numberof Image
of Scanners) Image Analysts in Analysts in Al image
manual image processing)
processing)
0,

5% of_TotaI 1 8 5

Containers

50% of Total

Containers 80 2

0,
100% .of Total 156 5
Containers

To have a comprehensive overview of the share of cost components in scémarithe physical
inspection cost is excludddom realizingwhich other cost parametersignificantly impacthe total
cost. Figure6.6and6.7 display this ratio fomanual and Al image analysesspectively
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Figure 66: Ratio of cost components in scenarig Ranual image processing

RATIO OF COST COMPONENTS - SCENARIO 2 - MANUAL IMAGE
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Figure 6.7: Ratio of cost components in scenarig Al image processing

RATIO OF COST COMPONENTS - SCENARIO 2 - Al IMAGE
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As can be seen, in the case of 50% and 100% scanning rates, the majority of {b8%osf the total
cost) belongs to the image analyst cost in the manual image processing, while the communication
process ranks in the second pldmeshowing roughly 27% share.

By applying Al for image processing, different results are obtained.Aiistnot worth using in 5% of

the scanning rate as its cost is the greatest. On the other hand, by increasing the scanning rate, the
scanning cost diminishes notabind Al shows the best result. Furthermore, the cost related to the
communication procescovers 50% of the total cost when the maximum rate is at its highest.

It is observed that, in the manual image analysis, the majority of the total cost pertains to the scanning
operation, image processing, and investment costs. By increasing the sgamuirsince more staff is

required for imageanalyzinghus, the share ofhage analysts cost has risen.

| 26 SOSNE Ay GKS aSyardadAiorade lylrfteara o0& !Lz GKS
investment cost plays wital role in the total costand by increasing the scanning rate, the share of

this cost will be declined.
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6.5.1.3. Scenario 3

In this scenario, the scanning operation is performed at the OCR lanes at the gate out. The calculated
results for manual and Ahage processing are fted in the following Figures.
Figure 68: Ratio of cost components in scenarig Blanual image processing
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At the scanning rate of 5%, the scanning operation,dosestment costand time lost cashavethe
most significantshares. The image analyst cost, communication process, and time lost costs rise
considerably by maximizing the scanning rate

Figure 69: Ratio of cost components in scenarig Bl image processing
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In the sensitivity analysis, the image analyst cost dwindles drastically as fewer staff is required.
Furthermore, Al investment has the highest share in the case of 5% of scanningawatver, by
increasing the scanning rate, thaestshare experiaces amassie decling which confirms that Al is

worth applying if the scanning rate is high. Interestingly, the time lost cost is reduced remarkably
compaed to manual image processing.
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Table 630: Number of requiredcanners and image analysts in scenario 3

Scenario 3 Na (Number  Noperson(Number of Image N person(Number of Image
of Scanners)  Analysts in manual image  Analysts in Al image

processing) processing)
0,
S%of 1 8 2
containers
0,
50%%of 1 80 2
containers
0,
100%of 2 156 2
containers
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6.5.1.4. Scenario 4

In scenario 4, given #t only ion trapping technique and headspace sampling are performed, and
there is no cost related to scanning operation, image analysis, and investthergcanning cost is
significantly lower than scenarios 2 and 3. Basedq. 6.25the requireddevices I{l req devicd fOr each
sub-scenarioare calculated

Table 631: Number of required devices in scenario 4

Testing Rate
Scenario 4 5% ofcontainers 50% ofcontainers 100% ofcontainers
N req device 1 2 4

Figure 610: Ratio of cost components in scenaria4hysical check included
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As can be seen, the majority of the cost belongs topghgsical check (96% in 5% scanning rate, 99%
in 50%, and 100% scanning rates)d other cost elements cover less than 5% of the total cost. To
better understandthe share ofdifferent cost components, the physical inspection cost is excluded in
Figure 6.1.

Figure 611: Ratio of cost components in scenaria#hysical check excluded
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As more testing devices are needed by increasing the scanning rate, the investment and maintenance
costs grow accordingly.
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6.5.1.5. Scenario 5

Scenario 5, which combines headspace sampling and ion trapping with scanning at the terminal gate
out, displays the lowest annual costsmpared to other possible future scenarios. In $genario, all
containers are inspecte using headspace sampling and ion trapping on the crésilewed by
additional scanning of suspicious containers at the gate out (assumed to be 10%)cas¢hithe rate
of physical verification is reducedmpared toscenarics2.3and 3.3 which redwees totalannual costs.

Table 632: Annual scanning cost in scenarig Manual image analysis

100% of testing rate with
headspace sampling

10% of scanning rate at the gate out

Cost items Total scanning cost Cost items Total scanning cosi
(BJRyear) (Manual Image
Analysis
BURYyear)
Investment Epnznnan Scanning Operation € O MH X N1 1N
Maintenance EpPpHZNnnAnN Scanning Image endodZHAN
Analyst
Physical Inspection € HHXn dy XZccp Physical Inspection € HXH N pXZyc
Concession eEnxoyn Investment eomMnznnn
Power Consumption € MM Xy 0o n Maintenance eHNnAZNnNnn
Pipes and Cable EMTC Training eoxXnnn
Usage
Hardware ecxdnn
Total cost €22.617,055 Communication EHPOXZNpPH
Process
Concession ENXoyn
Power Consumption € MM Xy o n
Pipes and Cable EMTC
Usage

Time Lost CostatOC €¢ y MO Z T N1 H

€4,704,114

Total cost

Al image processing is applied in the sensitivity analysisad of manual image analysis. The results
are plotted inTable 633.

Table 633: Annualscanning cost in scenartog Al image analysis

100% of testing 10% of scanning rate at the gate out

rate with
headspace
sampling
Cost items Total scanning cost Cost items Total scanning cost
(BJRyear) (Al Image Analysis
BURyear)
Investment epnInnn Scanning Operation €EOMHZINNAN

Maintenance

EPHEZNNAN

Scanning Image Analyst e c o Z HC O

Physical Inspection

EHHXINQY ZcC

IA Investment Cost ECnNMXIYyTp

Concession

enzoyn

Physicalnspection EHXIHNPXIYC
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Power Consumption € MMXZYy 0 n Investment eomMnInnn

Pipes and Cable Usagt € mT ¢ Maintenance EHNANXZANN
Training eoznnn

Total cost €22,617,055 Communication Process e HPOZ N pH
Concession enzoyn
Power Consumption EMMZYyoOn
Pipesand Cable Usage € MT C
Time Lost CostatOCR € o1 XCHO
Total cost ENIMHANAZNT

By comparingTables 82 and 633, it is observedhat image analysts and time lost cost at the OCR
lanesgreatly influencehe total cost in the manual image processing. On the other side, by applying
Al, these two costs are reduced significantly due to two key reasonfewgr image analysts are
required and (ii) less time is needed for the result of image procesaimtconsequently, less time

will be spent at the gate out. However, the Al investment cost is introduced in this case which plays a
significant role in the total cost.
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6.5.16. The effect of Al on the scanning cost

The scanning costalculation process was repeated to figure out the effect of Al on image processing
In this case, instead of manual image processing, Al has been apjidjeck 6.12 illustratethe cost
saving of Al compared to the manual iggaprocessing in each sceiar

Figure 612: Percentage of Al compared to manual image analysis

SCANNING COST IMPACT - Al COMPARED TO MANUAL IMAGE
40% PROCESSING

30%
19%
20%
10%
’ 2%
0%

—

20% -11% -13% 2%

-30%
-23% -30%
-40%
Scenario 2.1 Scenario 2.2 Scenario 2.3 Scenario 3.1 Scenario 3.2 Scenario 3.3 Scenario 5

It is observed that Al is worth applying if the scanning rate is eitherdQ%0%. However, in the case
of a 5% scanning rate regardless of the scantiiogtion, Al doesat provide an economal option.

Based on the results, Al is worth using in the case of a high scanningnét# is observed that Al
presents lower scanning castThus, it can be concluded thAl is considered a better option by
maximizing the scanning rate

ImplementingAl for image analysis would decrease the number of image analysts reqinastically
diminishingscanning costs related to manual image processing, with an avexeg@omic cost
reduction of about 9%. Theost reduction is much smaller in terms of impantthe supply chairand

can be negligible
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6.5.2.Results of the supplghain impact analysis

The adjustedCCMwas applied todeterminethe economic influence of scanning operation on the
genemlized chainThe following portsare selected for preparing the chain impact analy&isenos
Aires, Rio, SantaSouth America)kelixstowe, Hambur{Europe) Hong KongShanghaiSingapore
(Far East)Jebel Al(Middle East), athLos Angeles (North Aniea).With the inclusion of the selected
ports, the analysis covers 76% of all TEUs handled at the Pantwerp atthe continental level. In
statistical terms, this is highly representative of the total volumeaftainers arriving at the Port of
Antwerp.

Figure 613: TEUs handled at the Port of Antwerp at the continental level

100%
80% 76%
60%
40%
27%
20% 19% 18%
(+]
SECT
0%
Hamburg - Los Angeles Rio - Santos - Jebel Al Shanghai - Hong Total sum
Felixstowe Buenos Aires Kong - Singapore

Source of data: Port of Antwerp

The destination port for each origin port listed above is the Port of Antwerp. The size widkel is
5,466 TEUWor all maritime routesThe results obtained for each origilestination route are illustrated
in the figuresbelow.

6.5.2.1. South American Ports to Antwerp:
Three origin ports in South America are taken into accauthé maritime route to Antwerp

Figure 614: Generalized chain cost from Buenos Aires to Antwerp
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Figure 615: Generalized chain cost from Rio to Antwerp
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Figure 616: Generalized chain cost fro8antos to Antwerp
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The obtained results for each of these ports reveal it generalized chain cost would grow by
increasing the scanning ratéoreover, scenario 5 displays better resultsngared to the other
scenarios.

The findings depict that thecanning rate plays a significant role in each scenario. Furthermore,
scenarios 3 and 2 are considered the most costly options for each-degtimation pairyespectively.

Similar outcomes are obtained for other regions heading to the port of Antwenchare plotted in
AppendixC

On the other hand, the effect of Al on the supply chain cost is insignificant. By comparing the
generalized chain cost of manual and Al image processing, it is noticed that the outcomes do not differ
considerably.
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6.6. Generalization of the scanning caigproach

Importantly, this researcdevelops anovelscanning coshpproachbased on multiple scanning rates
and locations usedorldwide. This modetonsiders different cost components in the calculation, and
the time of applying each cost component (where relevant) is taken into accdtigtre 6.17
illustrates themodel's general overview aritie adjusted version ofie availableCCM

Figure 617: Methodology ofthe cost scanmigapproach

Scanning Cost
Model

Methodology

| Supply Chain Impact |
Analysis

Calculate the total costs incurred by all actors
on an annual basis at terminal and port
under a certain scanning scenario

Time of the scanning process is considered in’
the model

Cost components based on the
scanning location

/An extension of the existing TPR Chain

Calculate the chain cost from an origin

Cost Model (van Hassel et al. 2016)

to a destination point

Details of the port container scanning,
physical check process, various
options of scanning rate

The cost components related to each scanning location and based on the applied technology are

plotted in Table6.34.

Table 634: Cost componentsf each scenario

Scanning location and technology

Cost Component Central scanning OCR lanes at the Air analysis on the Type of cost

location inside gate out crane

the terminal (% (Xray system) (Headspace

ray system) sampling and ion

trapping)

Scanning operation X X - Direct
cost
Scanning image analys x X - Direct
cost
Physical inspection X X X Direct
cost
Investment cost X X X Direct
Maintenance cost X X X Direct
Training cost X X X Direct
Hardware cost X X - Direct
Communication X X - Direct
process cost
Concession cost X X X Direct
Pipes usage cost X X X Direct
Electricity usage cost  x X X Direct
Waiting Time Cost Due x X - Indirect

to Scanning
Time Lost Cost
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In the case of applying Al for image analyzing:
Al Investment cost X X - Direct

Theformulas anddeveloped model could be applied ather ports across the globe by takjrthe
following considerations:

- The scanning locations are defined aféerutinyof several factors based on the properties of
the terminal such as automation, container terminahe feasibility of installing fixed
scanners, et¢thus, these factors should be checked to apply #xactscanning locations
which have beemisedin this research.

- The model is not applicable in automated termindige to specific cargo handling operais.

- The national and localisk analysis procedusebefore scanning should lm®nsideredalong
with the communication process approach

- Road transport is the desirable means of transport. As the model does not consider rail or
waterway systems, data regiing the share of the truck needs to be provided.

Figure 6.18 illustrates the scanning capproachbased on a diagram tree.
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Figure 618: Diagramtree of the cost scanningpproach
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6.7. Conclusion

International trade is growing rapidly, focusing on supply security and trade facilitation, resulting in
FlLaag OKIFy3aSa Ay Odzad2Ya 2FFAOAILITAQ NRESad . S&AF
increasingly important role in guaranteeing the ety of external borders and supply chains, leading

to enhanced security.

This chapter focusesn illicit trafficking in the Port of Antwergausing seversocial andsecurity

threats. It coincides with an increase in container throughput volumes. The increase in international
trade, primarily through container transport, has been accompaniedthy rise in various types of
smuggling, including narcotics, weapons, cigarettes, explosived, radioactive and nuclear
substances, along with all possible risks and threats associated with these activities. The main focus
of this study is on narcotics, although it also addresses the potential of the researched technologies
to help detect other sorces of threat.

The addressed research questiomere: (i) what is the total cost of scanning the containers for the
actors involved under various scanning percentages/rates at the terminal Bvel@i)how will the
generalized chain cost change undeg increasing scanning rate for the defined maritime routes from
several ports in different continents to the port of Antwerp?

In this chapter, five main scenarios with increasing the scanning rate for container terminals are tested
in an economic impaand supply impact analysisamely, scanning at the scanning location outside

the terminal (Scenario 1), scanning at a central scanning location on the terminal (Scenario 2), scanning
at the terminal gate out (Scenario 3), testing the container with headssampling (Scenario 4) and

a combination of 100% headspace sampling and ion trapping, 10% scanning at the gate out (Scenario
5).

The study indicates that technology gamsitively affecturrent processes to enhance the supervision
of the container suply chain. From a technological point of view, three types of technology domains
are considered in this studimaging via Xay system, electromechanical techniques, and Al

The three selected technologies and their combinations veei@senfor the economic feasibility and
supply chaiimpact analyses. Extending tloeirrent solution with more transport tdhe scanning
locationis notan option, given the sharp increase in costs that it would entail. Headspace sampling
and ion trappingalone would increase costs as well. More importantly, however, this option suffers
from a highincidence of false positives, thus leading to a high rate of manual inspections. It has
therefore beenobserved that no individual technological domain has the lowest enpact, which

can neverthelesbe obtained by combining several differespgecializedields.

The findingsindicate that the lowest costs are associated with scenario 5. Moreover, the results
obtained demonstrate that increasing the scanning rate a Bort of Antwerp would raise the
scanning costfor the terminal. The costs would be significantly highiean the current situation,
particularly for the large container terminals (due to the higher number of handled containers).
Furthermore, congestiomt the terminal and delays in the operational process are esseissaks

that must be addressed.

In the results, distinctions can be made amongst the various scenarios. For the container terminals,
the lowest cost increase relative to the current sitwati(with a scanning rate of 1%) in terms of both
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economic and supply chain impact is found in scenario 5 (it should be noticed that scenario 4 is not a
scanning process and only air analysis is performed). This fact is more highlighted in conwgigttison
manual image processing.

Even in this scenario, however, the economic impact exceeds the current situation by a factor of 8.
Besides, scenariove is associated with the lowest suppthain impact of all alternatives. In scenario

2.3 (with a 100% scanningte), the scanning cost is factored hine compared to the reference
scenario, while, in scenario3 this value is equal to 11.

ImplementingAl for image analysis would decrease the number of image analysts required, drastically
diminishing scanningosts related to manual imagprocessing, with an averageconomic cost
reduction of about 9%. Theost reduction is much smaller in terms of impantthe supply chairand

can be negligible

It is observed that Al is worth applying if the scanning rate is eitherdsQ%0%. However, in the case
of a 5% scanning rate regardless of the scanning location, Al does not provide an eaboptiic.
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Chapter 7: Supply chaamalysis and economic assessment of the
transportation of dry and reefer cargo in the WadticaEurope
trade route

7.1. Introduction

The port choice selection plays a significant role inlaeSCThe choice of shipping route for unitized
goods is acomplex process involving many attributes of different actors and ser{ic@sasszy,
Minderhoud, Perrin, & Notteboom, 20).1Besides, shipping routes can affect both the operational
cost of carriers and the customer service lefdglan 2011).The importance of choosing an optimal
port for callings isparamownt for shipping carriers to reduce their total transportation costs
(2 @ Rall as ¢dzZNRE{1AaZ 3 . 3I26AdzZAT HAMpPO D

Understanding existing drivers of port choice and the substitutability betweatesawvithin the
network isvital for informing policy decisions regarding the allocation of often scarce resources in
developing capacitfO'Connor et al. 2020

Due to the growing demand for perishables worldwide and shifts of existing trade from othezsnod
the reefer container market is imeasingand draws lots of attentiofCastelen et al.2020). Fruits and
vegetables are generally quite sensitive to atmosphere and temperature variations, which means that
the container's cargo temperature and air cogition must be kept within certain limitéSgrensen

et al. 2015).The reefer container market is characterized by the need for continuous temperature
control ofcontainer cargqCastelein et al. 2020).

The objectives of this chapter are two folds, stagtifrom a case featuring fresh produce from West
Africa to Europe. First, to figure out the ports in the WEsrope region based on the port choice
factor of the highest potential container flow that can be called at in the specific round trade route
from WestAfricaEurope.

The three selected ports in this chapter are located in the same reBmm . of Antwerp isonsidered

the main port of call for dry and reefer cargo in this trade route by handling more than 50% of loading
cargo in the return leg. Moreover, Rotterdam and Flushing ports provide an economic comparison in
the West Europe region with Antwerp's port to seldut estcentralhub in termsof lowest maritime

and supply chain costs. The objective is to choose the main port of ¢a# West Europe regign
which can also be used for transshipment cargo from/to other ports.

Second, to evaluate the maritime and glypchain costs for the mentioned trade according to various
scenarios based on the (non) transshipment cargo types, different types of the commodity (dry and
reefer), and the combination of different (un)loading ports in Europe, the UK, and other regions
namely Baltic, Northern part of the North Sea, and Irelaftds research considers the whole supply
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chain segmentsncluding hinterland leg, port section, and maritime roptie evaluate the economic
impact of port choice selection in thisade route.

Portselection and supply chain optimization analyaescarried out by seeking the following research
guestions:

- Which of the three ports of Antwerp, Rotterdam, and Flushiiigoe the main port of call in
North-WestEurope?

- What is the economic influence of calling at more ports (than the selected ports among
Antwerp, Rotterdam, and Flushing) on the vessel owner and the supply chainotosts
transporting cargo for the trade route WeafricaEurope?

The focus of this study ike supply chain of reefer, and dry container flows in the West Affizape

trade route. Four African ports, namely Tema (Ghana), Douala (Cameroon), Abidjan (Ilvory Coast), and
Dakar (Senegal), are considered in the loop in which both types of dry afet cargoes are taken

into account.

To attain the goals of this chapter, initially, a data collection approach is used to obtain the relevant
container flow for major European ports with the destination of WA#tican ports. Subsequently,
based on the ghered data, the CCM (see chapter 3) is applied as the methodology to calculate the
ship's total cost angdupply chain cost in the WestfricaEurope route.

Furthermore, this study encompasses the economic and environmental dimensions of sustainability
of MarSC as in this research, the ECA regulations to misgéfte emission of the ship are taken into
account by applying MDO inside ECA while outside EOAsHionsumed.

Table 71: Major EU ports in the loop

Considered ports

EU ports  Antwerp, Rotterdam, FlushingZeebrugge Le Havre, Brest, Montoir d
Bretagne, Vigo, Marin, Lisbon, Sines

The remaining of thishapter is organized as follows. Section 7.2 explains the literature review on the
port selection criteria ad supply chain costwhile gction 7.3 discusses the data collection method
and applied methodology. Section 7.4 provides the calculation prosesgario development, and
obtained resultsandthe overall findings and conclusions are described in section 7.5.
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7.2. Literature review

The literature review section is categorized into three-sebtions.The first one provides a general
overview of the port choice determinants and port selection criteria and processes from various port
users The second and third sedections report a brief discussion regarding supply chain cost, reefer,
and inland transport

7.2.1.Portchoice andoort selectionprocess

The research on the port selection process and determinants are investigated extensively in the
literature. This sectionexplainssome of theprimary studies The research includes the port choice
ONRGSNAIF FTNRY LRSILLINAGNEDONE ¢ RLISHWNIUVS @ENBE DD { SOSN
used the AHP to analyze port competitiveness and attractiveness to (4ssigew Yuen et al. 2012).

Seo and Ha 2010 investigate the port size and level of incentives administered in treelpation

process of the port users. Tavasszy et al. Zfibinote a strategic choice model for container shipping

routes by considering port selection criteriaam and Dai 2018eveloped a port selection model

based on port clusters servingspecificmarket.

In the context of port competition, there has been increasing cooperation between firms involved in
the intermodal transport chainincluding seaport servicgé\lvarezSanJaime et al. 2015). Malchow
and Kanafani 200dse a discrete choice model &ssess the competition between ports. The main
findingsshow thatthe oceanic and inland distances variables haventuest significantimpact on
carriers distribution of shipmentsfollowed byport location and the choice behavior process varies
across bth carriers and commodities.

Andrew Yuenetal. 2018E LJX 2NB (KS NBfFGABS AYLRNIIFYyOS 2F FI
competitivenessincluding capacity availability and the size and hinterlands connectiity results

show thatport location is the mostriticalfactor for both forwarders and shippers in determining port
competitivenes, while port costs arerucialfor shipping liners. Furthermor®e Oliveira and Cariou
2015inquire about the effects of inteport competition on port efficiency and examine the degree of
competition assessed at different levels (local, regional, and global level). The results show that
increasing competition mitigates port efficiency when measuat the regional level. In recent
researchRezaei et al. 201idicate that transport costs and times along the transport chain are the
dominant factors for port competitiveness. The otlesmsential elementare satisfaction, reputation,

and flexibility.

Steven and Corsi 2052udythe price and port productivity in the seaport selection decisiort. 3 2 § A dza
et al. 2013 and Zavadskas et al. 20itsoduce a MultiCriteria Decision Making (MCDM) model to
establish a deep seaport in the Klaipeda port thuaniato improve economic demand®uig et al.

2014 inquire about the determination and selection of Environmental Performance Indicators (EPIs)
for sustainable port management in European ports and the capacity for Port Authorities to adopt and
implemert them.

Notteboom et al. 201Tnvestigate the relationship between port choice of alliance members and the
direct involvement of shipping lines in container terminals in Naktbst European portsBesides,
Baert and Reynaerts 202vestigate the deternmants affecting the attractiveness of the ports in the
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United States. The results reveal that port charges and port congestiatali@actors in the decision
making process of port user®'Connor et al. 2028evelop an application of port demand moawgi

to examine behavioral patterns affecting demand for port services in the Irish port network.

In the context of dry port selection criteri&odrigues et al. 2020rovide a literature review on the
determinants of dry port criteria and decision processe which the decisive factors are categorized

as follows (i) cost factors, (ii) location, installation, and infrastructure factors, (iii) accessibility factors,
(iv) operational factors, (v) social and policy factors, and (vi) environmental fatédey. and Ng 2020
demonstrate the determinants of the port service providers to select a port fraimaan perspective

Hsu et al (2020 assess the port choice of liner carriers for ship calt& results indicate that port
choice factors with higher imptance for liner carriers are cargo volume (locatgovolume, transit

cargo volume, and import/export cargo balance) followed by terminal handling charges and port dues.

Furthermore, port managenswusta | 4 A & F &

Ol NNX& S NE QHsRE& M2030R &

Ay LI NI

In summary, Table 7.2 illustrates the objectives, perspective, and results of mhearch on
identifying the mostriticalfactors in the port choice process in differguurts.

Table 72: A literature review on porthoice criteria

Reference

Objective

Results

Ugboma et al.
2006

To investigate the mostritical
factors of the port selectior
process in four ports in Nigeria

{ KALILWISNE Q LISNA L

Port efficiency, frequency of shi
visits, and adequate infrastructur
are the dominant factorswhile the
j dzA O1 NBaLkRyas

is the least important criteria. Othe
identified factors are location, por
charges, and reputation for carg
damage

YoungTae
Chang et al.
2008

To investigate the factors
AYTEdzSyOAy3a &aKA
port selection process

Trunk liners and feeder service
providers viewpoints

The results rank sixessential
variables namely (i) local cargc
volume, (i) terminal handling
charge, (iii) berth availability, (iv
port location, (iv) transshipment
volume, and (v) feeder connection

Tongzon 2009

To evaluate the factors influencin
port choice in Southeast Asian
CNBAIKG F2NIKI NR

The most crucial factor is port
efficiency, followed by shipping
frequency, adequate
infrastructure, good geographice
location, low port charges, quic
NEaLlRyasS G2 Lani
reputation for cargo damage.

Tran 2011

To investigate the optimal port
selection pocess in liner shipping
Logistics perspective with the
combination of several
parameters such as ship cost, po
tariff, inland transport costand
inventory cost to
optimize/minimize the total

0N yaLR2NIFGAZ2Y
journey (sea cost and inland cost

The decrease in port calls ce
reduce ship inventory, and port
tariffs, leading to higher
inland/feeder transport costs
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Nazemzadeh
and
Vanelslander
2015

To determine the most significar
factors impressing the por
selection process for North
European ports

Port costs have the mostritical
effect in the port selection proces
for all three pot users including
geographical location, quality c

Shippers, carriers and freight hinterland connections,
forwarders productivity, and port capacity.
Abdul To investigate the selection ¢ This study provides é

Rahman et al.
2019

ports of call in regular intra
regional container service
between Malaysian ports ani
other Asian ports

methodological framework thai
can assist maritime stakeholdeirs
evaluating the feasibility and
competitiveness of specific intra
regional portto-port liner service
configurations.

Talley 2019

To investigate porthoices by port
service providers Port service
providers namely port operators,
shipper agents (freight forwarde
and third-party logistics provider)

Determinants of port choice by
port service providers are the
payments or revenues that the
providers receive from users c
their provided cargo port services.

harbor pilots, tugboat operators
shipping line agents, and custon
brokers

SourceAdzii K2 NR& O2Y LR aAdAz2y o6l aSR 2y

It can be observed thahe majority of researchers investigated the port selection process and criteria
by different stakeholderi maritime shipping in all the ports around the world, such as Asian, African
and NorthEuropean ports.The results reveal that porefficiency port costs and geographical
locationsare the most dominant factors in the port selection from port usesisippers, carriers, and
freight forwarders. According tdongzon (2009)port operators and authorities mugprioritize
improving their overall leMeof efficiency relative to other factors to attract more freight forwarders
to use their ports.

7.2.2.Supply Chain Cost

Global supply chains depend critically on efficient information and product flows among the suppliers,
manufacturers, distributorsand retailers in the chajrand a highly proficient transportation system

acting as the attachment holds the entire system togetf{f&ieven & Corsi, 2012} provides various

benefits to the businesses and consumessch as improvement in services, puad innovation,

efficiency, etc., and at the same time confronts different challenges caused by risks or uncertainties

(He and Yin 2020).

The literature regarding supply chain contexts such as management, cost, sustainability, collaboration
among stakeholdrs, etcc A 8 SEGSYyaAdsS | yR KIF&a | GGNF OGSR 620K |
This sectiorreportssome recent research on supply chain cost

SaifEddine et al. 201¢vestigateoptimizingthe total supply chain cost in the Inventory Location
Rouing Problem (ILRP) by adapting the Vendor Managed Inventory VMI strategy. In the context of
blockchain and its effects on the supply ch&ohmidt and Wagner 20Hpply transaction cost theory

to understand the influence of blockchain as a prominent congm of the digital transformation on
supply chain relations. Moreover, blockchain enables more markehted supply chain relations.
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Several researchers investigated the esisaring and price contracts between the upstream and
downstream of the supplghain. To capture a twechelon supply chain (an upstream manufacturer
and a downstream retailerfan et al. 2020nvestigatea two-stage game model by incorporating
product quality, consumer disutilityand product liability cost into a market demand #ition.
Furthermore,Yu et al. 202@xplore the collaboration mode of emission reductions in a-t@rbon
supply chainincluding manufacturers and retaileta similar researchXiao et al. 202hquire about

a two-echelon sustainable supply chdhmat consists of one supplier and one manufacturer as#
about the price commitment and cesharing contracts.

Firmstend to be coseffective YR 'y AYONBFasS Ay | FAN¥YQa Ozali
performance(He and Yin 2020)iu et al. 2@0 develop research on the optimal design of loast

supply chain networks in a case study of a-fastving consumer goods supply chain in East.Asia
Additionally, He et al. 2020nvestigate a lowcarbon service supply chain consisting of a service

provider who is accountable for emission reducticemd a service integratorwho is responsible for

advertising- by considering three different cosharing contracts to assess the positive and negative
FSIFGdzZNBa 2F (GKS O2y i NBRbéhavioksy GKS LINBaSyoOoS 2F TFAN

Some of thdeadingdeveloped research in the reefer container and inland transport are described in
the following subksections

7.2.2.1. Reefer transport

Ng and Gujar 2008ssess the spatial characteristics of inland transport hubs bagrednalytical
SOARSYOS TNRY (GKS dzaASNEQ OK2AO0S 2F RNE LBRNIa Ay
choice adthe development of transport hubs and supply chains. In environmental sustaindtigity,

et al. 2011assess th€Q emissions frm inland container transport in Taiwan.

AlvarezSanJaime et al. 201ifivestigate the stimulants tantegrating port activities with inland

transport services and its welfare implications under ifgerts competition. FurthermoreChao and

Chen 201%levebpeda time-space mathematical model based on a micro view concept concentrating

on precise reposition operationghich are more convenient for accommodating special containers

such as reefer containers.

Defraeye et al. 2018onsider the ambient loadingrotocol for cooling citrus fruit during marine
transportation in refrigerated containers to evaluateefer containers' energy efficiency, energy
saving, and power consumptiormo reduce the power consumption of refrigerated containers,
Sgrensen et al. 26 suggest a Model Predictive Controller (MPC) with the potential energy savings at
different ambient temperatures and fan control methodudiyanto and Shinoda 202&plore the

effect and energy saving of roof shade installation over storage yard in reefer container storage yard
by Computational Fluid Dynamics (CFD) simulation method.
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7.2.2.2 Inlandtransport

To determine whether the external costs and exteitied can be used interchangeably in terms of
policy decisiormaking,Merchan et al. 2019rovide updated values of externalities and external costs
for inland freight transport for Belgium in 2012onsidering three adverse impacts related to
atmospheric change caused by human beings namely climate change, photochemical ozone
formation, andPM formation by applying Life Cycle Assessment methodology. The results suggest
that externalities and external costs should be used in a complementary way.

Kurtulus and Cetin 2028xamine the modal shift potential in a short distance (from the road to
intermodal rail) inTurkey's inland container transport corridoy considering the behavioral aspects

of inland container transportation mode choice. The reswhow that five parameters affect the
modal shift towards intermodal railransport costs, transit time, delays, frequency of intermodal rail
transport, and free time in the dry port.

According to the literature, researchers have paid attention to aowrized dry and reefer cargo and
supply chain analysis. As a complementary study to the literature, this chapter investigates the port
and supply chain analysis for transporting containerized reefer and dry cargo on the maritime round
trade route from Wet Africa to Europe. This research is novel in this concept as it considers the dry
and reefer cargo from four African ports to three possible main hubs in West Europe. Also, it considers
transshipments cargo from West Europe and qaransshipment reefecargo from the Baltic region,

the UK, and Northern part of the North Sea, and Ireland. Therefore, the results provide a general
overview for many African and European ports and hinterland areas.
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7.3. Methodology

In this section, firstthe data collection approach and its results are explajred then the updated
CCMas theprimaryapplied methodology of this chapter is described in detail.

7.3.1. Data collection

In the first stage, desk research is employedjather theavailabiity of cargo flows from the West
Africa to Europe (outbound leg) and Eued@estAfrica ¢eturn leg)trade route.

In the outbound leg, the dry and reefer cargo flows originating from the f¥estAfrican ports
namelyTema (Ghana), Douala (Cameroon), Abidjan (Ivory Ceast)Dakar (Senegalp Europe are
taken into account.

However, in the return leg, the dry and reefer cargo flows departing from the major European
container ports (noftransshipment cargg seeTale 73) to WestAfrican ports areonsidered

Also, in this leg, the additional ambtentially reefer cargo flows (transshipmecargo) originating
from three regionsnamely the Baltic region, Kattegat region, and Irelac&h be transhipped via
either the ports of Rotterdam, Flushing, and Antwerp to the four \AAfsican ports are considered.
For both legs, the data of dry and reefer cargo flows are selected at the port level.

Table 73: Major EU and UK ports in the loop

Considered ports

EU ports Antwerp, Rotterdam, FlushingeebruggelLe Havre, Brest, Montoir d
Bretagne, Vigo, Marin, Lisbon, Sines

UK ports London Gateway, Liverpool, Portsmouth, and Felixstowe

7.3.1.1. Data Collectidor Outbound leg

The dry and reefer container cargo flows from four main \AAfsican ports to the EU are obtained
by a thirdparty company specialirg in producing, transporting, and distributifrgit and vegetables.

7.3.1.2. Data Collection fBeturn leg

As mentioned, the container cargo flows for the return leg are divided into two types: (9§ non
transshipment cargo and (ii) transshipment cargo. Furthermore, at this stage, the container cargo
flows (both transshipment and neimansshipment) mat be split ugnto (iii) reefer and (iv) dry cargo
flows. This section describes the data collection sourcesdansion ratioprocess for these types of
cargo.
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Nontransshipment cargo

The container cargo flows originating from the major EU and U6 poe obtained fronDynamar
B.\ This dataset provides the totalansshipment and nottransshipment cargo, includindry and
reefer containers.

The transshipment ratios for the major ports are based on Portdpiahich highlights the
transshipment sharesf major container ports. By applying the transshipment ratios to the dataset
from Dynamar B.V., an estimation for the share of transhipped andtramshipped TEUs on the
return leg (EuropeWestAfrica) is achieved. However, a value of 35% is assumegbfts where
transshipment ratios are not provided.

Besides, to acquire the ratio of reefer and dry container cargo flows, the container throughput
statistics for the port of Las Palmas are applied. The data considers the port of origin and port of
destiration pairs for all cargo transhipped at the port of Las Palmas and categorizes them by cargo
type. By using these ratios for the relevant origistination pairs on the dataset of Dynamar B.V.,

the ratio among dry and reefer containers that are direahipped (nortransshipment) from the

major European ports to West Africa are evaluated.

The nontransshipment detailed) cargo volume iseparately split into dry and reefer cargbor each

type of cargo, the noitransshipment volume (in TEU) for 2018 is collected for all the major European
ports in this study. The market share for dry cargo is 10%, whileettfer cargo market share ¥%.
Moreover, the maximuntargo capacity ofhe vessel is 200 TEUs for reefer containesshile the
cargo capacity of the ship fary containerds 600 TEUSs.

Computation of nofiransshipmentry cargo volumeaveekly
I.  The total number of containers per year (TEU) for each European port is gullbplithe

estimated potential market share for dry cargo (10%).

II.  The obtained value is divided by the number of weeks per year (5# the number of
containers per week.

lll.  As the total capacity of the vesséfor dry containers iS00 TEU, the obtained values in step
2 are divided by 600 TEU to obtain the weekly percentage of loading dry cargo share in each
European port returning to African ports.

Computation ohontransshipmenteefercargo volumeveekly
I.  Each European port's totabmber of containers per year (TE&)nultiplied by the estimated

potential market share (50%).

II.  The obtained value is divided by the number of weeks per year (5# the number of
containers per week.

lll.  To obtain the weekly percentage of loading reefargo share in each European port going
back to African ports, the obtained values in step 2 are divided by 1,200 TEU (total capacity of
the vessel for reefer containers is 1,200 TEU).

33PORTOPIA7th Framework Programme (2014). Towards a competitive and resource efficient port transport
system
34The vessel size is 2,339 TEldre details of the characteristics tfe vessel will be discussed later.
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Based on the collected dagtAntwerp, Le Havre, Montoir de Bretagramd LondorGateway have the
highest cargo loading share in tli{southbound going back)eturn legto all four African ports
therefore, these ports are taken into account for the casiculation. Tabl&.4 plotsthe loading cargo
share of noAransshipmem volume for each of the abovmentioned European ports.

Table 74: Loading cargo percentage based on the dry and reefer market share

Calling at port Total loading %  Loading dry share % Loading reefer share 9
London Gateway 5% 4% 1%

Antwerp 54% 14% 40%

Le Havre 22% 5.5% 16.5%

Montoir 3% 1% 2%

Total 84% 24.5% 59.5%

In the ports of Antwerp and Le Haythe reefer cargo share is approximately three times that of the
dry cargo share, while in the port of London Gateway, the dry cargo share is higher than the reefer
cargo share.
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Transshipment cargo

As mentioned, three regions are considerdém® extra possible origins of cargo flows that can be
transhipped vighe ports of Rotterdam, Flushing, and Antwerp for the return leg. These regions are
as follows:

9 Baltic regionPoland, Finland, Sweden, Estmnirussia, Latvia, and Lithuania

1 Kattegat region: Denmark and Norway

1 lreland

The UN Comtrade databa¥es consultedto collect the cargo flows from these three regions to the
WestAfrican regions.

The transshiment (aggregated) cargo volume is based on the reefer type of cargo. Therefore, the
transshipment (aggregated) cargo flow originating frbra Baltic, Ireland, and Kattegat regions and
Russia, transshipped via the port of Antwerp toAdiican portsis taken into the calculation.

In this case, for the Baltic, Ireland, and Kattegat regions, a market share of 50% is remarked, while for
the transshipment cargo from Russia, a potential market share of 25% is assumed. For both cases, the
maximum cargo capagitfor reefer cargo of the ship is consider#@00 TEUThen,The obtained

value is divided by the total number of weeks per year (52) to obtain the number of containers per
week.Consequentlyto getthe weekly percentage of loadinigansshipmenteefer @argo share in each

region going back to African ports, the obtained valuethéprevious stefre divided by 1,200 TEU

(total capacity for reefer containers)tables7.5 and7.6 plot the locading and unloading cargo share.

Table 75: Loading cargo share in each transshipment cargo region

From Baltie Number of  Market Number of Number of Loading
Ireland containers  share containers containers cargo in
Kattegat [TEU/year] [TEU/year] [TEU/week] each
Russia to four with market region per
African ports share week
Baltic 3,663 50% 1,832 35 3%
Ireland 7,470 50% 3,735 72 6%
Kattegat 3,365 50% 1,683 32 2.7%
Russia 5,863 25% 1,466 28 2.3%
Total 20,361 8,715 168 14%

Table 76: Unloading cargo share @ach African port from transshipment cargo regions

From Baltie Number of Number of Number of Unloading
IrelandKattegat containers containers containers cargo in each
Russia to four [TEUlyear] [TEUlyear] with  [TEU/week] African port
African ports market share per week
Dakar 1,111 553 11 1%

Tema 4,690 2,319 45 4%

35The UN Comtrade database is detailed in the different types of products that are shipped between different
regions and lists down traded commodity volumes (in kilograms) by origin and destination, by period, and
under respective trade flows (import/export).
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Douala 10,717 4,295 83 7%
Abidjan 3,843 1,549 30 2%
Total 20,361 8,715 168 14%

Based on the results, the totalansshipmentcargo volume share originating from the Baltic, Ireland,
Kattegat,and Russia that can be trasmgpped to all African ports is 14%. Among all African ports, the
port of Douala is the most desired as half of trensshipmentcargo share (7%) is transported to this
port.
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7.3.2.Updated version cECM

A detailed explanation of theCCMwas providedin chapter 3 and the updated model with
functionality to estimate the vessel owner cost was explained in chapter 5. In this chapter, th
updated model is usedhowever,based on the objectives of this styh new maritime route and four
new ports with theirinput parameters and datareincorporated into the modei. To apply CCM for
this chapter, the updated version includdsfininga new maritime route called Africgurope to the
model as the focus ohe study is the trade route between West Africa and Euréjpethermore four
main African ports, namely Abidjan, Douala, Tema, and Dai@added to the model along withe
existing terminal of each port. Nexhe modelis updated withadjustingall the necessary input data
such as infrastructure and the types of equipment of terminals, container handling rates, port dues,
pilotage rate of cargo loading, and unloading in the termiredt. of thefour African ports andheir
specified terminals inhe loop.

Figure 71: Four African ports
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Table 7.7: Terminals of four African ports
Port in West Abidjan Douala Tema Dakar
Africa
The terminal in APMT Bollore Douala Terminal 1 and 2 Terminaux Vraquiers
each port Terminal International du Senegal

Terminal

Other details such as vessel size, fuel used inside and outside ECa#eateported in Table 7.8.

Table 78: Features of the vessel

Property Value Property Value
Vessel size (TEU) 2,339 Fuel used In ECA MDO
Installed power(kW) 12,832 Fuel used Out ECA HFO

3¢ Read chapter 3 for further info regarding CCM.
37 The data is obtained from theort websites of the different ports.
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Design speed (knots) 191 Fuel used of main engin 4.58

(tons/hour)

Payload ship It is calculated Type of engine Diesel
based on actual Engine
data of loading in
the port

In the calculation proces$opr the internalization of external costs, the external costs of pollutants
such as G, NQ, CQ, and PM are addressed inglmodel. Table 7.9 reports the externabsts of
pollutants.

Table 79: External costs of pollutants

Type of cost Value EURToON)
Cost &k 0.04

Cost N®@ 1,328

Cost PM10 0.48

Cost CQ 25

Source: van Essen et 2011

However, in this study, the maritime amdhterland costs of transporting the potential cargo from the
Baltic, Ireland Kattegat, and Russia to the port of Antwerp are not taken into calculation due to lack of
data availability.
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7.4.Calculation process and scenario development

This section explains each scenario in detagether with the order of ports of call in each scenario.
Based on the obtained data and the share of loadinguaolading cargo in each port, the calculation
has beemerformed and the results have been provided

7.4.1. Scenario development

To fulfill the objectives of this studipye different transport chains (defined from a production location
in Africa to a warehouse in Europe) are included in the analysis. These tradisams are (i) West
African originto Lille (France)ii) WestAfrican origino Remes (France)ii) WestAfrican orginto
Chateaurenard (Francefiv) WestAfrican origin to Gyal (Hungary), aitd WestAfrican origirnto
IJselmuiden (Netherlands).

These chains are selectad these European destinations play an essential role imtheand reefer
cargo in West Africa;y EU trade routebased on the consultancy with the classified company
specializing in producing, transporting, and distributingitfrand vegetables.Moreover, three
European countrieare diversein terms of geographical location, namely France (Western Europe),
The Netherlands (Northwestern Europe), and Hungary (Central Eurbpey are selectefifst to have

a comparative analysis WesternEuropean countriegbetween The Netherlands and Fran@e)d
second to havacompetitive overview of a Centrduropean region witbonventionalAfrica to West
Europe trade route.

There are three candidate ports in Westirope namely ports of Antwerp, Rotterdam, and Flushing
amongwhich, among themonly one port needs to be considered thentralhub for the return leg.

7.4.2. Prescenario and the best port selection:

To figure out which port shows the best results in terof the lowest vessel owner cost and also the
lowest generalized chain cost, three pgeenarios are taken into consideration in which in-pre
scenario A (un)loading cargo share of the only port of Antwerp is selected, while-gtgmarios B

and C (un)lading cargo share of ports of Rotterdam and Flushing are considered respectively.
Furthermore for all these three prescenarios, London Gateway has been assumed in the calculations
as this port is a popular destination for the outbound leg.

In the calcuktion process, it is assumed that in the outbound leg, the unloading share is 20% for
London Gateway and 80% for the port of Antwerp. However, in the return leg, the loading share is
based on the obtained data of both dry and reefer cargo types of thetramsshipment cargo volume
originating from ports of Antwerp (precenario A), Rotterdam (pigcenario B), and Flushing (pre
scenario C) are taken into computation separately. The following figures display the (un)loading
percentage share for the three piseenarios.
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Figure 72: Ports of call and loading and unloading cargo share irspeaariog Route A (Antwerp)
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Figure 73: Loading and unloading cargo share in-pcenario¢ Route B(Rotterdam)
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The port of Rotterdam has only an 0.6% share of cargo loading, while the port of London Gateway
has a 5% cargo loading share.

Figure 74: Loading and unloading cargo share in-pcenario¢ Route C (Flushing)
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By comparing the loading cargo share at Antwerp, Rotterdam, and Flushing, it is observed that the
port of Antwerp has the highest share (54% of cargo loading) compared to the other ports.

By running theCCMthe total cost of vessel per loop and the gen&radl chain cost are computed for
the three prescenarios angblotted inthe following Figures.

Figure 75: Vessel owner costpre-scenarios A, B, C

Total ship cost per loop [EUR]
1600000

1422720 1422894
1400000 1364134

g
& 1200000
o
o
£ 1000000
@
(=%
z 800000
3
>
% 600000
Q
b
S 400000
=
2 200000

0

Route A (via Antwerp) Route B (via Rotterdam) Route C (via Flushing)

Figure 76: Generalized chain costpre-scenarios A, B, C
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Based on the results, the port of Antwerp is considered the best option compared to Rotterdam and
Flushing for two main reasons. Firstly, by comparing the total cost of the ship itoegcthe port of
Antwerp is a bit more expeng than Flushing; however, this issue is justified by considering that the
port of Antwerp has a much higher loading cargo share (54%) compared to the other two ports (0.6%
in Rotterdam and 0.2% in Flushing).

Secondly, by comparing the resulbhf thegeneralized chain cogsit is observed that the chain cost is
altering in each regiarand the port with the lowest generalized coatries The port of Antwerp has
the lowest generalized chain cost for the routes from Africa to two regions in Europe hynaitie
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(Francg and Chateaurenard (France). However, the port of Rotterdam shows the most expensive
generalized chain cost for the route from Africa to Rennes (France).

Similarly, the most expensive generalized chain cost for the route from Africadteatienard
(France) and Gyal (Hungary) is obtained via the port of Flushing. In conclistorthg fact that the
port of Antwerp has muchhigherloading cargshare(54%) compared to the other two ports, it can
be concluded that the port of Antwerfhews better resulsand is selected as the best option
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7.4.3. Scenario development and obtained results

In this studytwo main scenarios areonsideredor the calculation proces&cenario Hiscusseshe
non-transshipment@etailed) cargo flow originating frorthe major European ports going back to four
African portsnamely Dakar, Tema, Douala, and Abidjan.

Scenario 2 considemon-transshipment detailed cargoesfrom the major European portsand
transshipment (aggregath container flows originating from Baltic, Ireland, and Kattegat regions and
Russidgransportedviathe port of Antwerp to all four African ports.

For each scenario, the maritinleop startsand endswith the port of Abidjan In addition, lased on
the ohtained data fronthe classified company, the outbound leg (Wes#AfricaEurope)the loading
cargo sharen the port of Abidjan is 20% of the total capacity of the shipile this sharen the port

of Doualas60% andin the port of Temait is 20% repectively. Nonetheless, in the return leg (Europe
WestAfrica), the unloading cargo share in all African ports is computed precisely basedamtitale
handling cargo originatinip the European ports.

7.4.3.1. Scenario 1

In this scenario, notransshipment cargo flows originating frdnoondonGateway, Antwerp, Le Havre,
and Montoir de Bretagndgthese ports have the highest potential volumes for the return,lgging
back to all four African ports are taken into considesatiThe following Figurgresents he order of
calls in the loop and (un)loading cargo share at each port

Figure 7.7: Order of ports and (un)loading share (dry and reefer caggoknariol
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Table7. 10and Table 711 describe the breakdown of (un)loading share of caayeach port based
ondry and reefer cargo market share

181



Table 710: Loading cargo % at European ports based on the dry and reefer marketssweeario 1

Calling at port Total loading % Loading dry share % Loading reefeshare %

London Gateway 5% 4% 1%
Antwerp 54% 14% 40%
Le Havre 22% 5.5% 16.5%
Montoir 3% 1% 2%
Total 84% 24.%% 59.5%

In scenario 1, the ship is loaded with 84% of $h@'s total capacityof which 24.5% is the dry cargo

and 59.5% is reefer cargo.

Table 711: Unloading cargo % at African ports based on the dry and reefer marketcheeaario 1

Calling at port Total unloading % Unloading dry share % Unloading reefer share %

Dakar 21% 6% 15%
Tema 26.5% 8.5% 18%
Douala 10% 3% 7%
Abidjan 25.5% 7% 18.5%
Total 84% 24.9% 59.5%
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Obtained results of scenario 1

The total cost per loop (vessel owner cost), the number of vessels required, and the generalized chain
cost are calculated by running ti&CM The results of the vessel owner cost and the required number

of vessels are plotted ifiable 7.12. As can be seen, five vessels are required to keep the weekly
departure from the origin.

Table 712: Vessel owner cost and required vessels in scenario 1

Scenario 1 Type of cargo The total cost of the Number of vessels
shipper loop [EUR]
Nontransshipmentcargo (both 1,529,538 5

dry and reefer)

The generalized chain cost from Africa to all five European regions in scenaigopresented irthe
following Figure.

Figure 78: Generalized chain cost for European regions in scenario 1
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The generalized chain cost from Africa to region Gyal (Hungary) in Europe has the highest value.
Chateaurenard (France) and Renr{Esance) are the second and third most expensive regions in
Europe respectively, while the generalized cost from Africa to Lille (France) shows the lowest value.
However, thegeneralized chain cost comparisdretween Lille (France) and |Jselmuiden (the
Netherlands) is not highand these two regions show the same result approximately.
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7.4.3.2. Scenario 2

In this scenario, notransshipment cargo flow originating from ports lobndonGateway, Antwerp,

Le Havre, an#/lontoir de Bretagngscenario 1)together with transshipment cargo flow originating
from Baltic, Ireland, Kattegat, and Russia thattemesshippedvia the port of Antwerp, going back to
all four African ports are taken into account. The order of calls in the loop and (un)loading camgo sh
at each port is plotted ifrigure 7.9.

Figure 79: Order of ports and (un)loading share (nwansshipment and transshipment cargp¥cenario2
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In this scenario, the ship is loaded with 98% of$h@'s total capacityof which 14% belongs to the
transshipment cargo flow originating from the Baltic, Ireland Kattegat, and Rraséshippedvia the
port of Antwerp.Table 713andTable 7.14 plot the (un)loading share of cargo at each port.

Table 713: Loading cargo % at European ports based on the dry and reefer marketcsdta@ario 2

Calling at port Total loading % Loading dry share % Loading reefer share %

London Gateway 5% 4% 1%
Antwerp 68% 14% 54%
Le Havre 22% 5.5% 16.5%
Montoir 3% 1% 2%
Total 98% 24.5% 73.5%%

Table 714: Unloading cargo % at African ports based on the dry and reefer marketchegaario 2

Calling at port Total unloading % Unloading dry share % Unloading reefer share %

Dakar 22% 6% 16%
Tema 30% 8.5% 22%
Douala 17% 3% 14%
Abidjan 28% 7% 20.5%
Total 98% 24.%% 73.%%
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Obtained results of scenario 2

The CCMis applied to calculate the total cost of the ship, the required vessels, and the generalized
cost in this scenario. First, the vessel owner cost and the required number of vessels are displayed in
Table 7.15.

Table 715: Vessel owner cost and required vessels in scenario 2

Scenario 2 Type of cargo The total cost of the Number of
ship per loop [EUR] vessels
Nontransshipment (dry + refeer 1,532,434 5

cargo) and trasnsshipment
(reefer cargo)

In this scenaridfjve vesselsnustkeep the weekly departure from the origin

Figure 710: Comparison of total vessel cost of the ship in the first and second scenarios
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By loading more cargo at the port of Antwerp due to the potential market in the Baltic, Ireland
Kattegat, and Russia, tiship's total costncreases slightly as the port handling costs rise. Moreover,
the generalized chain cost from Africa to all fivedpean regions in scenariwo is illustrated in
Figure 7.11.
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Figure 711: Supply chain cost scenario2
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Based on the results, the generalized chain cost from Africa to region Gyal (Hungary) in Europe has
the highestvalue. Chateaurenard (France) and Rennes (France) are the second and third most

expensive regions in Europe, while the generalized cost from Africa to Lille (France) shows the lowest
value.

By comparing the generalized chain cost between the first anoigkscenario, it is observed that the
lowest generalized chain cost from Africa to the European regions: Lille (France), Gyal (Hungary), and
IJselmuiden (the Netherlands) does not differ, while for the regions Rennes (France) and

Chateaurenard (France),dhgeneralized chain cost in the second scenario reduces slightly but the
difference is insignificant.

Figure 712: Changes in supply chain costs between scenarios 1 and 2
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Moreover, scenario two reduced the generalized chawst by approximately0.1% based on the
obtained results
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Figure 713: Percentage changes in supply chain costs between scenarios 1 and 2
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7.5. Conclusion

Based on dry and reefer cargo types, tthapter sheds light on containerized cargo flow between the
maritime loop between West Africa and Europgesides, other regions such as the BAltic, the
Northern part of the North Sea, and Ireland are considerdéxt to the data collection approacb t
realize the potential of cargo flow in each region, the adjust&Mis applied to appraise the ship's
total and generalized costs

Two research questions are examin@@iwhich of the three ports of Antwerp, Rotterdam, and Flushing
might be the mairport of call in NorthWestEurope7and (ii) what the economic influence of calling

at more ports (than the selected ports among Antwerp, Rotterdam, and Flushing) on the vessel owner
and the supply chain costs of transporting cargo for the trade route WiesstaEurope i8

Concerninghe first point, it can be concluded that the port of Antwerp is the best option compared
to Rotterdam and Flushing for two main reasons. Firstly, the port of Antwerp has much more loading
cargopotential (54%}hanthe other two ports (0.6% in Rotterdam and 0.2% in Flushing). Secondly, it
is observed that the port of Antwerp has the lowest generalized chain cost for the routes from Africa
to three regions in Europe (all regions in France).

The difference with the port foRotterdam and Flushing for the other two regions (IJselmuiden and
Gyal) igminimd (<1%). Alsahe vessel ownés cost for calling at the port of Antwerp is almost the
same as when the port of Rotterdam is calledGincerninghe port of Flushing, itan be concluded

that the total vessel owner cost is a little bit lower compared to the port of Antweti). Given the

fact that the port of Antwerp has much more loading cargo (54%) compared to the other two ports, it
can be concluded that the port oihfwerp shows the better result and is selected as the best option.

Therefore, Antwerp is the most attractive port to use as tlentral hub in Northwest Europe
Moreover,the most attractive port to call is London Gateway from the UK gaetmuse this port has

the possible cargoes for the backhaul load. The linkages with the ports of Tema and Abidjan are the
strongest.In terms of the second argument, it may be concluded that rheritime loopcan be
extended to include botlhe Havre and khtoir de Bretagne ports

Based on the obtained results, it is determined tiaitwerp and Le Havre portsave themost
significan potential cargo flows for the backhaul. The ports of Montoir de Bretagne and Rotterdam
have somepossiblequantities, but tley are far lower.

There is a significant possibility reefer containers irAntwerp and Le Havre. These ports can also
load manydry containers, allowing the vessel to be loaded with -neefer containers.

From a cost viewpoint, is inferred that callig at the ports of Le Havre and Montoir de Bretagne
(scenario 1jvill raise the overalessel cost by 8#ompared to not calling at the por{pre-scenario)

Byanalyzinghe four African portsit is observedthat Tema and Abidjan can handle the majoofy

the backhaul cargo. The volume of traffic to Dakar and Doula is lower. Hovieganise Doula is
called at anywaythis cargo could still be attractive to load in the backhaul, and the volumes at the
port of Dakar are still large enough to consident there.In conclusion, th potential volume coming
from the UK ports is much less thdre EU portsThe Baltic region has enormous potential volume in

188



terms of possible reefer cargo transshipment volumekereis muchpossiblecargo that might be
shipped to West Africa from Ireland.
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Chapter 8: Conclusion

Maritime shipping has encountered many challenges in sustainability issues, including mitigating
environmental emissions such as rethgair pollution, avoiding the spread of invasive species by
ballast water, increasing profitability, and enhancing social welfdeanwhilg the maritime industry
hasadopted green strategies to improve resource efficiency and competitiveness.

This Ph.Dsheds some light on fillingpme ofthe existing gaps in the literaturend addressing two
significantenvironmental implicationsausedby maritime shippingair pollution and BW treatment

which aims at improving the sustainability of MarSC in all three aspects (economic, environmental and
social) by employingumerousapplicationstudies

The primary goal of this Ph.D. is to present a feasibility study of the most promising technolabies an
approaches for mitigating the adverse effects of the maritime shipping and port industries not only
from air pollution ofS0, and NQ but also from other environmental legislations perspectives such as
BWM Convention and local and national communities decurity at the portsAll the aspects of
MarSC sustainability are covered in whibb critical sustainability dimension studied in all chapters

is maritime economics, and environmental regulations and social concerns are the driving forces of
this Ph.D

The overall addressed research question of this Ph.D. is:

What is the economic impact of sustainability issoremaritime shipping in various trade routes from
RATFSNBYG aidl {SK2ft RSNEQ aildlyRLRAYy(HaK

As an initial step to answering the critical researnfuiry, 262 papers from 2000 to 2020 are
meticulously assessed. According to the literature, most studies on the topic of MarSC are connected
with environmental sustainability and emission reduction, whereas studies on the economic and social
aspects of MeSC are sparse.

Furthermore, academaiand industry have focused on the sustainabilityttef MarSC, and different
studies have been conductemh thisconcept However, the analytical findings support the view that
the effects of green policies and emissi@strictions on shippers have attracted scant attention.

Next, dfferent methodologies are applied to respotaithe main research questioin which CCM is

the primary tool.CCM is updated with the newest input data of vessel sizes, pod terminal
equipment and costs, adjusted cost components, and new maritime routes in each relevant chapter
Besides,chapter 4 applies a new typologpf potential vessel types in the SRAd costbenefit
evaluation to achieve the objective€hapter6 establishes a novel scanning cagpproach by
consideringvariouscost factors ananultiple stakeholders' viewpoist

Thefollowing sections, firdy, elaborate on the applied methodologies and theerall results and
findings of eaclapplication study bynswering the overarching research question of the dissertation.
Also, it describes the acquired knowledge of the outcomes in a global confeMisequentlythe
implications of results on different stakeholders such as industry partners and academia are
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illustrated Finally,the limitations of the thesis are discusseudth some suggestions and directions
for further research.

8.1.Economic impaatf SRAINder theBWMC

The BWM and its exemptions have been analyzed extensively from an ecological standpoint, and little
research has been performed from an economic point of vidareover,the ecological and economic
incentives forconstructingan SRA arawvo different issus. However, the goal of this researchnot

to examine the economienvironmental conflict. Still, the goal is to establish a method for calculating
an SRA's economic viability in the North Sea between the Netherlands and Beigiuhe possibility

to apply it worldwide byassuming that all environmental standards asgisfied

Thus, in bapterfour, aneconomic repercussion of a prospective SRA in (regions of) the Netherlands
and Belgiumis assessedin which it examines the economic effects oB®M n SRA fronthe
standpointof vessebwnersby assuming that ecological risk is approved based on the BWM guidelines
of risk assessmen# novel typology is developed to classify the vessel types navigating with the SRA
ports exemptfrom BW treatment. Next, the codienefit estimation of the selected vessel sizes
fulfilled.

A new typology of vessel types in the Skas established based on yearly BW consumption and
previous port call of vessel§he typologyclassifies the shipgs small vessels (navigating completely)
and others (sailing partially) in the SRA. The decisive factor to recognizesieds profitable to use
SRA is the yearly BW consumption which should not exceed 70,000 tonsiyear. a cosbenefit
analysisvasused forthe ships based on the typology gained, which results in the total net benefit of
installing the SRAzurthermore, desk research and data collecting from the authorities of the ports
covered in the study are thepproachesisedto obtain data.
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8.1.1.Response tthe overarching research question

The research raises some significant pototanswer the overarching research questi@ased on
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having such SRA are not profitable for vessel owners. The first resatiwt ecological risk should be
assessedarefully to comply with regulationsvhichcomes ata cost.

Secondlythe total benefit for vessels only navigating in the SRA is insignificant, given the fact that
these vessels carry a small amount of BW and their relative share of the total nundiepsdalling

at the various ports is smalMoreover, for the vesset sailng partially in the SRA (the vessels
navigatingwithin SRA portsglthoughthe results show that total benefits for all typessifipscalling

at the Dutch SRA ports (Rotterdam and Zeeland seaports) are higher than for all the vessel types calling
at the Belgian ports (Antwerp, Zeebrugge, and Osteti®) yearly BW consumption of these vessels
shouldnot exceed70,000 tonsHowever by increasing the amount of yearly BW consumptoim

case of sailing to other external ports outsitie SRA, the vessethiould be equipped witkheir own

BW treatment systenmhence, an onboard installation is inevitable for vessel owners to treat BW.

In addition, it might be the case th#te costs of onboard BWTS will be reduckes to technological
progress; therefore, e maximum value which allows applying a shbesed system (70,000
tons/year) will be lessConsequently,tiwill decrease the number of vessalsing shorebased
techniquesto treat BW.Also, due to possible technical problemslag ports providingshorebased
systems, vessel owners need to install an onboardi®Afment system to avoid congestion at ports
and smoothen the supply chaifihese issuesouldleadto a decrease ithe number of vessels using
a shorebased system and confirm that evetithvestablishing an SRA within some neighboring ports,
it remains necessary for vessel owners to install an onbsgstem to treathe discharged BW

The same concept applies dther portsworldwide such as Malmg Copenhagen ports anfriesteg
Koperports. Based on the insights obtained from the performed study for Antwerp and Rotteritlam
can be concluded that thBERA exemption can only be udeda fewvessel typesnamely service and
special purpose vessels which only sail in the same regioheihefit of saved cost of BW exemption
is not that high tocompensatethe SRA costsThus, regardless of the overall net advantage of
establishing an SRA, a BW treatment system must be installed onboard.
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8.2. Economic evaluation of alternatitechnologiego mitigate sulfur emissions

It is observed that several green initiatives such as slow steaming, scrubber systems, alternative fuels,
namely MDQLNG,Ammonia, Hydrogen, and Methanaiming at mitigatingsHG andnaritime air
pollution, havebeen assessed economically and environmentallyhe literature In addition, the
effectiveness of international regulations by IMO on reducing the environmental effectahe

a KA LILJA y 3 sigyificehttohc@rain the andulstry

In this reseech, as the significance of the reduction of ship emissions in ECAs has been emphasized,
which necessitates ship owners and shipping lines to respect the regulatioqsirtfeay purpose was

to determine which of all the available optioimscompliancevith the ECAregulatiorsis economically

most suitable for the vessel owreand the cargo ownex

TheCCMis the starting point for the investigation. The model was further improved and modified to
answer the specific research problems addressed in thistehdt was also enhanced to calculate the
vessel owner's cost by computing the whole expenses of operating a container ship in a loop.

8.2.1.Response tthe overarching research question

The developed study in chaptéive had two research objectives. First, the evaluation of the cost for

the vessel owner, and second, the assessment of chain cost of some types of containerships trading
between Europe, the US, and Far East Asia based on three alternative fuel opt& s DO, and
scrubber technologfrom the cargo owner standpoint

In response tothe main research question, the LNG system would be the most-efisttive
alternative technology for both maritime routes since it offers the most significant cost reductions
compared to other scenarios. Besides, the cost savings of the scrubber scenario are negative for all
the vessels, which means that it is a more expensive option than LNG fuel. This tcenedsfor

both vessel owners and shippers, as LNG positively affeatitime and generalized costs compared

to the scrubber system.

It is worth mentioning that the cost of fuel has an immense impact on the overall cost. In this study,
the fuel price of HFO is 400 EUR/ton and 310 EUR/ton for LNG. Therefore, cheapeicésaivould

result inthe lowest maritime cost. For exampliey changing the fuel price (increasing the LNG prices
and reducing MDO), the LNG scenario becomes a less economical option but still has the highest cost
savings compared to the scrubber systamd is considered the most economical fuel alternative.

It isconcludecdthat if the LNG price becomes more expensithes potential touse it as an alternative
fuel drops considerablyit applies to other fuels such as HE® well For instance, any dramatic
increase in fuel price would result @market change to another alternative fuel withower price
however, environmental impacts and technical and safety issiuld not beverlooked

This fact reveals that fuel prigdays an essential role in choosing an alternative fuel option. Other
significant factors are installatiperew, maintenance, and operational casts the cost of LNG rises,
the overall cost ascends as well, reducing the cost savings of LNG compahedbase fuel price
situation. However, he findings contrast with the number of ships using scrubber and LNG fueled
ships. Roughly,800 vessels are equipped withscrubber systemwhile around 200 LN@&ueled
vesses operate It can be justified that fitly, the retrofitting cost of LNG is higher thari scrubber
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system installatiopalso, the engine type @ ship with LNG is a dual oas conventional engines are
incompatible with LNGNext, thelimited bunkering infrastructure of LNG issanificantconcern for
vessel owers, along withsome safetyconcernssuch as methane slip. In addition, the uncertainty of
LNG fuel price remainsiamportant issue for selectingNG as an alternative fuel.

Therefore given that there are more alternative fuels/technologies than LiNén be concluded that
several factors and issues needomconsidered to opt for alternative maritime fuélhese issues can
be categorized into economic profitability, environmentabuéations, social concerns, technical
advancementsand political decisions.

Thus, he main decisive factsrare fuel price, environmental legislation complignicdrastructure
facilities, safety issuesand compatibility with existing enginesloreover, by considering all these
issues, it is revealed that selecting a transitional alternative i&i@l multidimensional decision
making process and needke collaboration of public and private stakeholders, namely port
authorities, ship owners, energy proers, fuel suppliersstc.
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8.3.The feasibility of enhancing the supervision of maritime container supply chain
from an economic perspective

With the increase in global threats, the customs authorities play a crucial role in enguxtamgal

border and supply chain security, thus contributing to the overall security. Given the geopolitical
security concerns, the importance of the detection technologies and associated tools concerning
ensuring external border and supply chain secutiys taken on a new meaning. Detection
technologies have long since played an essential role in customs border controls by detecting dutiable,
prohibited, and controlled goods and materials.

The volume of international trade is increasing significantly, as is the emphasis on supply security and
trade facilitation, thus leading to rapid developments in the role of customs authorities. For instance,
data analysis has attained importance equaldetection technologies in addressing existing and
emerging threats. Nointrusive andinnovativetechnologies or control equipment are needed to
inspect highrisk cargo quickly without disrupting the flow of legitimate trade.

Chaptersix investigated thepossibility ofsecurity enhancement at the port of Antwerghrough
improvedcargo supervisionwhich aims to reducdlicit trafficking and leads tamprovementin the
MarSG economic and social aspects.

8.3.1.Response tthe overarching research quasn

For the objective of this research, the novel scanning epgroachwas developed to provide an
economic assessment of maximizing the scanning rate. The reason is that the current scanning
procedure and technology are not sufficient nor effectivesttisfy the needs of customs to have
completecontrol over the import containerized cargo at the port of Antwerp. Therefore, the model
providesthe economic consequences of different scanning rates and locations by considering the
application time and sygy chain impactsThe supply chain cost assessment is the second stage, and

it evaluates the generalized chain cost from some Asian, Middle Eastern, and South American origin
ports to the port of Antwerp for all five developed scenarios.

The outcomes alle concluding thatr terms of both economic and supply chain implications, scenario
five (a combination of 100% headspace sampling and ion trapping st@ffing at the gate ophas

the lowest cost increment a¢opared to the current situationThe use ofAl for image analysis would
reduce the number of image analysts involved, lowering scanning expenses associated with human
image proessing by around 9% on averadé the same timein terms of supply chain effects, the
costdecrease is substantially srealand almost zero

Based on the results from scenario five, all the import containers need to be tested via air analysis
techniques and a fraction of themmustbe scanned. In this study, this value is assutoele 10%.
However, the exact value for eatdrminal would differ S me factors such as annual cargo turnover,
terminal congestionthe possibility of scanning at different locations, the significance of illicit
trafficking at the port, portcompetitiveness, etcshould beconsidered This issueeeds to be
investigatedn the further study of the research.

The obtained results confirm that the best scanning location for the imported containerized cargo
would be inside the terminal and as close as possible to the unloading process. It can ttegluce
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scanning cost and time and simultaneously avoid delays in the supply chain process and congestion at
the terminal. By applying the scanning process somewhere outside the terminal, there is the risk of
manipulating the contents of containers or disolb@yithe scanning process. Notably, regional and
national risk assessment procedures and the communication process approach should be declared
before scanning.

It is worth mentioning thatAl is necessary but insufficient to perform the scanning model agla hi
scanning rate. Although it proved the immense reduction of analysts and image analysis time resulting
in a considerable cost reduction, Al should be merged with sitae-art technologies and scanning
devices to be effective and reach the maximumrstag rate.Furthermore ,maximizing the scanning

rate at the port causes a significant amount of investment and administrative and executive costs for
port authorities and customs. Moreover, it affects the supply chain process by prolonging the
terminal's operational time of handling cargo. These significant issues make the destination port
unattractive, resulting in losing competition compared to neighboring ports in the region. As the
shippers and shipping companies favor the port with higher efficiemcy merformance, they will
eventually switch their final destination to another port with less congestion, a better cargo port
service chain, and a higher terminal handling rate.

Therefore, this thesis suggests that the best option to increase the poxsrigeis to provide an
international framework for all neighboring ports (here for all European ports) to comply with the
same scanning operation for all the imported containers. In this case, all the ports would maintain the
same competitiveness rate, drit provides an equal and standard scanning process framework that
would minimize its impact on cargo handling and supply chain.
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8.4.Supply chain analysis and economic assessment of the transportation of dry and
reefer cargo

Academicdave been studying port selectioniteria during the past decade as port chojgays an
essentialpart in the MarSC. This issue demonstrates that the impact of port choice analysis on the
longterm viability of a MarSC should not be overlooKelis resarch looks at the entire supply chain,
including the hinterland leg, port section, and marine route, to assess the economic impact of port
choice in this trade route. The TPR CCM is employed as the primary methodology to achieve the
objectives of this chapr. It is initiated by applying a datgathering strategy to get the relevant
container flow for major European ports with Wesfrican ports as a destination. Following that, the
updated CCM was used to compute the entire cost of the ship and the scipguly cost in the West
AfricaEurope route.

8.4.1.Response tthe overarching research question

Thegoalof chapterseven was to accomplish two aspeditgst, to determine whiclports in the West
European region have the most significah potential container flow that canbe calledat in the
specificround traderoute from WestAfricato Europe. Second, to assess the maritime and supply
chain costs for thérade route under various scenarios based on (non) transshipment cargo types,
different types é the commodity (dry and reefer), and a combination of different (un)loading ports in
Europe, the United Kingdom, and other regions such as the Baltic, Northern part of the North Sea, and
Ireland.

As a resultthe port of Antwerp is the most appealing part North-West Europe to employ as a key
center. Furthermore, London Gateway is the most desirable port to call from the UK ports because it
contains the possible cargoes for the backhaul IG@dm a cost standpoint, it is observed that visiting
more ports will slightlyincrease the overall vessel cost, as opposed to the generalized cost, which
variesinsignificantly It can be justified that port charges, cargo handling rated costand space
availabilityplay a significant role in this contedihe total maritime cost will increase by calling at more
ports and higher cargo loading

However,the generalized codbllows a different pattern. In this costhe port and hinterland costs

of the destinatiorregionare essential but also, these costs at tlgiginareahave asignificanimpact

on the generalized costs well as thecean shipping costor example, as the selected ports in this
chapter (Antwerp, Rotterdagand Flushing) are in the same range, they face fierce competition to be
the centralhub for reefer cargo in West Europius, port authoritiestry to keep the portchargesn

the same range.

However, taking Lille (France) as an examiple,hinterland cost fronthe port of Antwerp has the
lowest value, while this cost from Rotterdam is the mdstthe port costs imAfricanorigin ports are
0KS al YSZI jpdtbfdmerp présénted tkeSowest generalized cost almost in all European
regions.

Therefore, it ca be concluded that for all the ports around the world which are situated in the same
region andapply the same supply chain process fieefer cargo, not only the lowest maritime and
supply chain costs amggnificantreasons for shipping lines to selectestination port, other factors
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such as hinterland distance the warehousecargoloading and unloading rate, spaaeailabilityand
congestion at the terminal, competitiveness issuath neighboring portglay acrucialrole in port
selection analysi
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8.5. Implications on stakeholders

This Ph.D. coveretthe selected element®f MarSC sustainability and provided the most appealing
alternatives and responses regarding economic, environmental, and social issues to esetesubh
guestion and, consequently, the critical research question.

These issues affect the process of MarSCand require the involvement of all the stakeholders in
the maritime industry. It is concluded tha#larSCsustainability comprises and integrates three
perspectives ofpeople, planet, profit aspectsén which all aspects should be taken into account
simultaneously to evaluate and improfarSCsustainability.

This Ph.D. supports the governments and petiegision makers by providing the costs and benefits

of selectedcases ofhddressinghe sustainabity of MarSCThe applied methodologies and obtained
results can be extended to other ports worldwide to address the three dimensions of MarSC
sustainability. From a theoretical perspective, two developed models in this Ph.D. are (i) typology and
benefit estimation of SRA under BWM and (ii) scanning apgroachfor importing containerized
cargo. The latter aims to improve security at ports and terminals by enhancing the control and
inspection of the cargo and mitigating the smuggling, which leads tocaedse in social welfare.

This Ph.D. has established that the economic impacts on vessel owners should be considered to apply
green initiatives to progress MarSC sustainability, but the effects on cargo ownersother
stakeholdersnust be considered as well. Moreover, this study confirms that monetary consequences

of the sustainability advancements are higher for vessel owners, hence maritime costs, rather than
for shippers (supply chain costs). Besides, the obtained results afitsisrtation are beneficial for a

large group of maritime stakeholders, including logistics operators, shipping companies, shippers,
freight forwarders, etc.

Moreover, the thesis contributes to academia by providing a comprehensive literature review on
MarSC sustainability initiatives, updating the results of alternative maritime technologies and
sustainability practices in compliance with environmental regulations and social issues, and involving
different stakeholders in the industry.
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8.5.1.Implications of the installment of the SBAder theBWMC

The outcomes are an overview of the economic effects of the foundation of an SRA, particularly from
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of not treating the BW between the ports of the regiorhis paper supports the governments and
policy-decision makers by providing the costs and benefits of a possible SRA exemptioBitthe

in the North Sea region, which can be extended to the other ports and areas all over the map and be

a foundation for further investigations in BW concept.

Also, the results are beneficial for the vessel owners and port authorities by showing thevingssa

of treatingBWwith a shorebased system in different ports between the Netherlands and Belgium.
Shipowners understood that regardless of the total net benefit of setting up an SRA, they need to have
their own BW treatment system; thus, an onboardtallation is unavoidable.

Furthermore, it benefits academia and scholars by introducing the methodology to calculate the costs
and benefits of establishing an SRA and developing a typology of vessel types based on yearly BW
consumption. Next, it enrichebe literature by offering a comprehensive review regarding the risk
assessment methods, the most applied BW treatment systems, and recent studies in BWM
Convention.

In this research, policymakers are political organizations and public port authoriipsneible for
providing ecological assessment, classified data, and implementation of SRA in the specifiediregion
addition, from a political point of view, the performance of an SRA might be hampered by insufficient
support from the shipping industnAlso, an ecological risk would have been problematic, causing the
size of the eventual SRA to decrease, making it less attractive.
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8.5.2.Implications otlternative technologies to mitigate sulfur emissions

This chapter compares thiindings of prior studies and, for the first time, considers the shippers'
perspective in the economic evaluation of LNG and scrubber technologies by analyzing the generalized
chain cost. The latter analysis reveals how alternative options will affectrajéesl chain costs and

which option will deliver the lowest generalized chain cost, impacting polédyers and giving logistics
operators a clear picture of which alternative solutions to adopt.

The outcomes are beneficial for logistics operators, latitsi regulators, and academia. For logistics
operators and, in particular, for shippers, the results allow making the most rewarding investments
from an economic point of view and affirm the importance of different technologies on the
generalized chain &b.

For port authorities, it is essential to know which solution gives the best-sooinomic cost returns
Moreover, they need to consider the bunkering infrastructure of LNG in future poladging at the
port level as this research showed the ceating of LNG as a promising alternative option.

The outcomes of this doctoral thesis are applicable for future regulations of IMO or other international
or domestic regulatory agencies for mitigating air pollution such@sa8d NQ, GHG emissions, the
establishment of new ECA, ballast water treatment system, and management and enhancing the
security at the ports.

Due to the growth of maritime shipping, which leads to increased environmental pollutions and social
concerns, the upcoming legislation woulé Btricter to curb these damaging issues. For example,
given the need to establish the future ECAs, especially in China, the results of this thesis are beneficial
for policymakers, shipping lines, shippers to understand the best alternative options iHianogp

with environmental regulations.

Moreover, the thesis also has a positive impact on the current and future regulations of GHG. LNG was
economically assessed for sulfur emissions in this thesis, and given the fact that LNG can reduce CO
emission by20¢25%, this fuel complies with GHG regulations to be evaluated as further research.

For scholars, it significantly contributes to the extant knowledge by developing a holistic review of
alternative methods according to environmental regulations for ratiigg air pollution and GHG
emissiongaused by the maritime industry. Furthermore, the obtained results allow for a remarkable
comparison with other studies on the same topic and include an updated clear direction that may
promote the MarSC's sustainabyliand form the basis for empirical investigation.
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8.5.3.Implications oenhancing the supervision of maritime container supply chain

The study indicates that technology can positively affect current processes to enhance the supervision
of the container supply chain. From a technological point of view, three types of technology domains
are considered in this study: Imaging vi@a} sysém, electromechanical techniques, and Al. As a
result, it has been discovered that no one technical domain has the lowest cost impact, which can be
achieved by merging various technological fields. The same effects are observed in all the selected
maritime routes, meaning that the financial consequences of applying the existing technologies are
higher for vessel owners than cargo owndpalicymakers, such as port authorities, port/terminal
operators, and customs brokers could develop plans based on th@ysapain platform and handle
recognized opportunities and threats.

As the main objective was to evaluate the scanning cost in maximizing the scanning rate and assess its
impact on the generalized chain cost at the port of Antwerp, this research assists policymakers in
having a more effective decisianaking strategy. Theyxan comprehend the implications of
maximizing the scanning operation from an economic standpoint and the perspective of the supply
chain process at the terminal and port levels. It is critical to evaluate the scanning implications for
Antwerp's port's competitiveness with adjacent ports both inside and beyond the country.
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8.5.4.Implications osupply chain analysis and economic assessment of the transportation of
dry and reefer cargo

As a response to theritical research question, it is observed that by adding more ports in the loop,
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cost should be considered in the supply chain optimization, this is not a decisive factor and the total
maritime cost has a higher priority.

The outcomes raise some significant points regardingcmainerized cargo flow between West

Africa and Europe based on dry and reefer cargo types. Moreover, several stakeholders in the
maritime industry, including policymakers and logistics service providers, benefit from the research
outputs asit has consequences for stakeholders in terms ahagement and policy to better their

competitive positionTheresearch outcomewill be beneficial for the shipping lines and shippers. By
performing the port analysis in terms of the import/export cargo volume and maritime and supply

chain costs, thesetakeholders can decide which ports are the best to call at in a specific route,
increasing the departure schedule efficiency and reducing departure schedule and the transportation

costs.
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8.6. Limitations

Despite understanding theosts andenefits of sustainability practices in this thesis, controversy still
remains regarding some issues such as data collection approach, developed model, and estimated
values. The following sections describe the limitations of each applicatiog sthidh are necessary

to be addressed for further research.

The research in chapter four was confronted with some limitations in terms of the lack of data about
the BWconsumption per vessel typtt.means that the accurate data of the BW consumptionaufe

type of vessel calling at the ports were not available directly; therefore, some calculations on the
existing data were requiredMoreover, due to the lack of data, the actual operational days of the
different vessels were estimated. Therefore, som#éraxalculations were needed to estimate the
averageBWconsumption.

The scope of chapter five was restricted in terms of the choice of ship types and investment costs.
Firstly, only containerized vessels are taken into account. Secondly, the average investment cost for
LNG propulsion and scrubber systems varies deperatirghip type and vessel size. In this research,

the average investment cost is considered based on the literature, which means that by increasing the
size of the vessel, this average cost increasmordingly; however, in reality, the exact investment
costof each vessel size might be different.

Limitations of the study in chapter six need to be acknowledged, most notably, several cost
components are not taken into account, such as: ¢Bte of building additional offices for image
analysts in the case afcreasing the scanning rate are ignoyéid for image analysts, there is a lack

of knowledge about the property costs (e.g., all equipment needed for an office, including desks,
bookshelves, chairsfiii) msts of building additional physical inspectiwarehouses for more physical
checks are not considere@v) hck of information about the costs of the site needed for stacking the
lorries with containers after scanning at the gate out for waiting due to image proce$g)rmgsts of
building offices required for staff for the communication proces® not taken into account; and (vi)

a general assumption was made for the costs related to the automated inspection ussugthas

data storage (requiring the storage ofvast number of images)and expenses for the personnel
needed to perform thework.

Chapter seven's research limitations pertain to the lack of datdhe exact potential market share
for dry and reefer cargo flowsThis chapter obtained these valuéssed on consultation with a
classfied company specializg in producing, transporting, and distributirfiguit and vegetables.
Besides, the hinterland cost in the African regions iscaddtulateddue to a lack of data accessibility.
This type of cost must be added to the cost evaluatiera future step
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8.7. Further research

Further research could address several additional issues in the context of MarSC sustainability. First,
it would be beneficial to repeat the research questions and methods by addressing and satisfying each
application study's limitations. It provides exeslt mathematical results which can be comparative

with the previous results.

This Ph.D. only assessed the economic impact of sustainability issues on maritime shipping; however,
the other two dimensions were indirectly considered as external perspectether research needs

to investigate the environmental and social aspects of the applied green practices on MarSC to enrich
the sustainability assessment

For instance, in chapter fouit, is recommended to combine the objectives and the results of this
research with arecological study. Initially, the risk assessment methods of the G7 guideline of IMO
should be performed to provide an experimental result of the natural and invasive distribution of
target species within the region.

Also, in chapter five further study is required to improve the understanding of the secio
environmental impacts of alternative fuels by measuring the polluted emissioraii NQof the
containerized vessels using LNG, MDO, and scrubber systems based on the sulfon eegjakitions

in ECAsAIso,application of the updated figures of external costs of pollutants to evaluate the impact
of internalization of external costs on the results would be the subject for further research

In the same concept, supplementary examinations are necessary for chapter six to assess the social
impacts of using the new scanning process based on different scanning technologies and locations to
determine to what extent this research is practical aeddible to mitigate illicit trafficking in society.

Moreover, as further investigations are necessary to evaluate the developed models and
methodologies from a scientific perspective, it would be beneficial to replicate this study in other
maritime routes ports, and countries that seek sustainability improvements in the maritime industry.
For examplethe research in chapter four might be expanded by considering other neighboring ports
such as the UK ports, ports in Germany to realize the impacts of #&tenf the SRA on the cest
benefit anddeveloped typology. In this case, the results of the ecological study play a significant role
in extending or minimizing SRA's size.

On the other handjn chapter five, further research is required to extend theeaagh objectives
regarding this topic by including different types of vesselsh as cruise ships and bulk carriers. The
reason is that in 2019, 55% of recorded port calls worldwide were passenger ships, followed by tankers
and bulk carriers (12%), andrggral cargo break bulk ships (10%)The reduction of sulfur emissions

of these vessels plays a significant role in compliance with environmental regulations, particularly
MARPOL Annex VI. Moreover, other maritime routes such as origin ports in Soutlcaraer
destinations in Europe are valuable to examine. It means that, as chapter five considered two
intercontinental origindestination pairs (Asia and the US to Europe), economic assessment of
alternative options in a different maritime route with varginypes of cargo and sizes can provide a
general and international decisienaking solution for the best alternative technology in terms of
sulfur emission reduction worldwide.

38 See chapter two for further infd{NCTAD, 2020).
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In addition it remains to evaluate the economic impacts of other types aratitive fuels such as
Ammonia, Hydrogen, Methanol, and Nuclear energy on maritime shipping to meet the environmental
regulations. The obtained results can be comparable with the gained knowledge of outcomes of
chapter five to select the most suitable attative fuel.

Moreover, in this chapter, the main goal was the reduction@f@llution in ECA; however, it would

be relevant to examine the economic impact of LNG and scrubber systems on GHG, mainly CO
emission reduction under the extant IM@&gulatiors in which the obtainedesults make an
outstanding contribution to understanding the economic implications and considering the different
environmental adjustments on maritime pollution.

Furthermore, n chapter sixan indepth estimation of Al should e subject of further research. As

Al has a significant impact on cost reduction in image analysis, the detailed and more accurate
evaluation of this technology would result in a higher reliable and more robust conclusion for
policymakers and customs admstration. Besides, it remains an open question whether the applied
technologies and developed models effectively detect other types of illicit trafficking such as weapons,
explosives, and radioactive substances, to mention a few. Therefore, furthesrobses needed to
examine the scanning process under other sources of threats to validate the existing technologies and
advanced methods.
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Appendices

AppendixA

TableA.41: Implementation of BWM in different regions

Region

Implementation of BW management

Australia

Under the new legislation, it will be an offense for a vessel to discharge E
Australian seas unlesm exemption covers the discharge the BW has beer
appropriately managed by the conduct of an acceptable BWE or by usir
approved method of BWM. Vessels visiting Victorian ports must underta
Ballast Water Risk Assessment (BWRS) on a voyage by voyage basis tc
whether theirdomestic BW is either high or low risk and must not discharge
until written permission has been granted to do so.

Caspian
Sea

Vessels originating from outside the Caspian Sea may treat BWE heuieg
the Black/Azov and Baltic Se8% would be manged with this measurbefore
inbound vessels enter the waterways connecting to the Caspian Sea.

Central
America

No BW operation is permitted in the Panama Camddich is more related to
avoidng blockinghe canal and notiskingmachinery failure. A similar rule exis
for the other two major shipping canals in the wogdhe Kiel and Suez Canal:

China

Any BW dischargeare to beavoided in Chinese waters. In situations where [
operations are unavoidable, a taft@-tank trander is used.

Malaysia

Ships constructed in or after 1st June 2012, which have a BW capacity of
cubic meters or more shall conduct BWM to, at least, meet tizdbandard. It
applies to all ships calling at Malaysian ports insisi&xclusivéconomic Zone
after operatingon the waters beyond its Exclusive Economic Zone during
part of its voyage.

New
Zealand

Vessels that uptake BW outside New Zealand waters can only discharge il
Zealand waters with the approval of an inspectbaship entering New Zealan
waters has a typ@pproved BWMS onboarthe D2 standard vill apply to the
discharge.

Persian
Gulf

BWE or treatment with a certified BWMS is required for all ports in the Per
Gulf region

Source: Own composition based on Lloyds Register 2011; Malaysia Shipping Notice 2012;

EPA VIC 2012; David and Gollasch 2015

TableA4.2: Benefitsof vessels calling at the Dutch and Belgian SRA ports

BW Total ballast
. Number  of
Shib tvbe Ship size consumption calls water not | Saved cost
PP P per call handled

[tons/call] [ [tons/year] [EUR/year]
Port of Rotterdam
Product
tanker < 60000 dwt| 258,72 698 180,588 1,354,409
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Handysize <35000 dwt | 254,17 8 2,033 15,250
Small Feeder | <1000 TEU| 87.68 63 5,524 41,431
Feeder <2000 TEU| 131,53 97 12,758 95,685
Feedermax | <3000 TEU| 219,21 102 22,359 167,695
General cargg All types 32.03 146 4,677 35,074
Gas carriers | All types 234,88 0 - -
Chemical All types 57.64 13 749 5,620
Total 1,127 228,689 1,715,164
Zeeland Seaports
Product
tanker < 60000 dwt 258,72 538 139,192 1,043,943
Handysize <35000 dwt | 254,17 15 3,813 28,594
Small Feeder | <1000 TEU| 87.68 18 1,578 11,837
Feeder <2000 TEU| 131,53 1 132 986
Feedermax <3000 TEU| 219,21 4 877 6,576
Generalcargo | All types 32.03 164 5,253 39,398
Gas carriers | All types 234,88 75 17,616 132,118
Chemical All types 57.64 169 9,742 73,063
Total 984 178,202 1,336,517
Port of Antwerp
Product
tanker < 60000 dwt | 258,72 14 3,622 27,166
Handysize <35000 dwt | 254,17 12 3,050 22,876
Small Feeder| <1000 TEU | 87.68 51 4,472 33,539
Feeder <2000 TEU | 131,53 31 4,077 30,580
Feedermax | <3000 TEU | 219,21 181 39,677 297,576
General
cargo All types 32.03 226 7,239 54,293
Gas carriers | All types 234,88 1 235 1,762
Chemical All types 57.64 492 28,361 212,705
Total 1,008.00 90,733 680,496
Port of Zeebrugge
Product 282
tanker < 60000 dwt| 258,72 72,960 547,197
Handysize <35000 dwt | 254,17 0 - -
Small Feeder| <1000 TEU | 87.68 0 - -
Feeder <2000 TEU | 131,53 0 - -
Feedermax | <3000 TEU | 219,21 3 658 4,932
General 51
cargo All types 32.03 1,634 12,252
Gas carriers | All types 234,88 20 4,698 35,232
Chemical All types 57.64 3 173 1,297
Total 359,00 80,121 600,909
Port of Ostend
Product
tanker < 60000 dwt | 258,72 0 - -
Handysize <35000 dwt | 254,17 0 - -
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Small Feeder| < 1000 TEU | 87.68 0 - -

Feeder <2000 TEU | 131,53 0 - -
Feedermax | <3000 TEU | 219,21 0 - -
General

cargo All types 32.03 6 192,19 1,441.41
Gas carriers | All types 234,88 0 - -
Chemical All types 57.64 6 345,86 2,593.96

Total 12.00 538,05 4,035
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Appendix B

This section describes the cost parameters of each vessel applied to the scenarios along with maritime

cost components in the UBU route.

Table B.5.1Running cost ofessel size 4,600 TEU [EUR/hour]

Cost Parameter Running on Running on Running on HFO witl
MDO LNG Scrubber

Crew 125.89 138479 151068

Insurance 62.05 62.05 62.05

Repairand Maintenance 16.27 17.897 19.524

Management and 24.71 24.71 24.71

administration

Stores 7.15 7.15 7.15

Table B.5.2Running cost of vessel size 5,466 THUR/hour]

Cost Parameter Running on Running on LNC Running on HFO witl
MDO Scrubber

Crew 12589 138479 151068

Insurance 65.03 65.03 65.03

Repairand Maintenance 16.27 17.897 19.524

Management and 24.71 24.71 24.71

administration

Stores 7.15 7.15 7.15

Table B.5.3Running cost of vessel sd 15TEUEUR/hour]

Cost Parameter Running on Running on LNC Running on HFO witl
MDO Scrubber

Crew 12589 138479 151068

Insurance 96.78 96.78 96.78

Repairand Maintenance 16.27 17.897 19.524

Management and 24.71 24.71 24.71

administration

Stores 7.15 7.15 7.15

Table B.5.4Running cost of vessel siz®,892TEUEUR/hour]

Cost Parameter Running on Running on LNC Running on HFO witl
MDO Scrubber

Crew 12589 138479 151068

Insurance 13972 13972 13972

Repairand Maintenance 16.27 17.897 19.524
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Management and 24.71 24.71 24.71
administration
Stores 7.15 7.15 7.15

Table B.5.5Running cost of vessel sik& 800TEUEUR/hour]

Cost Parameter Running on Running on LNC Running on HFO witl
MDO Scrubber

Crew 125.89 138479 151068

Insurance 172.31 172.31 172.31

Repairand Maintenance 16.27 17.897 19.524

Management and 24.71 24.71 24.71

administration

Stores 7.15 7.15 7.15

Figure B.5. 6Share of maritime cost components based on sensitivity anajygisl5 TEW US- EU

SHARE OF MARITIME COST COMPONENTS BASED ON
SENSITIVITY ANALYSIS - 9,115 TEU, US - EU
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Figure B.5. 8hanges in maritime cost components for reference 8ndibberscenarios;
9,115 TEW 80% of design speedithe US EU
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Appendix C

C.1. European Ports to Antwerp:

Figure C.6.:1Generalized chain cost froRelixstoweto Antwerp
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Figure C.6. Z5eneralized chain cost from Hamburg to Antwerp
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C.2. Asian Ports to Antwerp:

Figure C.6.:3Generalized chain cost from Hong Kong to Antwerp
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Figure C.6.:4Generalized chain cost from Shanghai to Antwerp
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Figure C.6.:5Generalized chain cost from Singapore to Antwerp
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C.3. Middle East Ports to Antwerp:
Figure C.6.:6Generalized chain cost from Jebel Ali to Antwerp
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C.4. North American Ports to Antwerp:

Figure C.6. TGeneralized chain cost from LAageles to Antwerp
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The obtained results for each of these ports reveal that the generalized chain cost would grow by
increasing the scanning rate. Moreover, scenario 5 displays better results compared to the other

scenarios.
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