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Abstract

ABSTRACT

There is an urgent need to reduce emissions from maritime transportation
to meet environmental targets set by international organizations and
governments. To reduce emissions from maritime transportation,
technical, market-based, and operational measures can be used. In this
thesis, the focus is on operational measures, and in particular Just-in-Time
arrival in the port call process. Just-in-Time arrival in the context of port
calls refers to maintaining an optimal vessel sailing speed to arrive to the
port when the availability of berth and other services are ensured. In earlier
studies, the estimated fuel and emission savings potential of Just-in-Time
arrival, is promising. Despite the promising potential of Just-in-Time, its
implementation remains limited, with few real-world examples. The
purpose of this thesis is to explore how to implement Just-in-Time arrival
by studying coordination in the port call process.

Two research questions were formulated to address the purpose. The first
aims to capture the potential benefits of implementing Just-in-Time arrival
in port calls and the second aims to address what is required to implement
Just-in-Time arrival in port calls. This thesis is based on two studies in the
Swedish context. First, a quantitative study, in which Automatic
Identification System data in combination with port call statistics and
vessel-specific data were used to estimate the fuel and emission savings
potential of Just-in-Time arrival. Second, a qualitative single case-study
exploring the coordination mechanisms necessary for implementing Just-
in-Time arrival in port calls was conducted.

The studies show that fuel and emission savings potential of Just-in-Time
in previous studies is overestimated due to the assumptions used. Though,
the implementation of Just-in-Time has potential to improve port call
actors’ resource planning and utilization and increase the competitiveness
of ports. This is because Just-in-Time arrival has the potential to aid actors
in reaching mandatory emission reduction targets. To implement Just-in-
Time arrival, it is necessary to coordinate the plans of actors. The required
mechanisms to coordinate planning are pre-booking berth allocation policy
and port community systems. The pre-booking policy implies booking
time-slots for berths, facilitated by using the port community system. The
port community system and the pre-booking policy enable the effective
coordination of the planning processes of individual actors enabling Just-
in-Time arrival in port calls.

Keywords: maritime transportation; port call process; Just-in-Time
arrival; coordination and information sharing; port community system.
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Svensk sammanfattning

SVENSK SAMMANFATTNING

Det ar nodvandigt att minska utsldppen fran sjofartssektorn for att uppna
de klimatpolitiskaméalen som har faststillts av internationella och
nationella organisationer. For att minska utslapp fran sjofarten och uppnéa
de klimatpolitiskamalen kan tekniska, policy, och operativa atgirder
anvandas. Fokus i denna avhandling ar pa operativa atgiarder, mer specifikt
Just-in-Time ankomst vid hamnanl6p. Just-in-Time ankomst innebar att
hélla en seglingshastighet som mgjliggéor ankomst till hamn vid den
tidpunkt kajplatser och andra tjanster (exempelvis lotsning) ar tillgangliga
utan fordrojning. Tidigare studier visar att det finns en potential att spara
brénsle och minska utsldpp genom att inféra Just-in-Time ankomst. Trots
potentialen dr inférandet av Just-in-Time ankomst begridnsat i praktiken.
Syftet med avhandlingen ar att utforska hur Just-in-Time ankomst kan
implementeras genom att studera koordineringen av aktorers aktiviteter
under anlépsprocessen.

Syftet uppnds genom att besvara tvd forskningsfrigor. Den forsta
forskningsfragan beror potentialen av inféorandet av Just-in-Time ankomst
vid hamnanlép. I den andra frigan underséks hur olika
koordineringsmekanismer kan anvidndas for att koordinera
hamnaktorerna for att realisera potentialen av Just-in-Time ankomst. Tva
studier har genomforts. Forst gjordes en kvantitativ modellering for att
uppskatta bréansle- och utslappsbesparingar for Just-in-Time anlop i
Sverige, baserad pa Automatic Identification System data,
hamnanlGpstatistik samt fartygsdata. Darefter har en kvalitativ fallstudie
genomforts som har utforskat hur olika koordineringsmekanismer kan
anvandas for att koordinera enskilda aktorers planeringsprocesser under
anl6psprocessen samt undersoka potentialen av inforandet av Just-in-
Time ankomst.

Resultat visar att bréansle- och utslappsbesparingspotentialen med Just-in-
Time ankomst i tidigare studier ofta har oOverskattats pa grund av
antaganden som anvints. Vidare framkom att implementering av Just-in-
Time ankomst ha ett positivt inflyttande pa aktérernas resursplanering-
och utnyttjade och att hamnar kan 6ka sin konkurrenskraft tack vare
sambandet mellan Just-in-Time ankomst och obligatoriska dtgarder for att
minska utslapp. For att kunna implementera Just-in-Time ankomst kravs
forbattrad koordinering mellan aktérerna genom inférandet av en
forbokningspolicy av kajplatser. For att kunna forboka kravs forbattrad
planerings och informationsdelning, det senare kan nds genom inférandet
av digitala informationsplattformar (port community system).

Keywords: maritime transportation; port call process; Just-in-Time
arrival; coordination and information sharing; port community system.
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Key terms and abbreviations

KEY TERMS AND ABBREVIATIONS

Terms and
Abbreviations

Description

Actual Time of Arrival
(ATA)

Automatic
Identification
(AIS)

System

Baltic and International

Maritime Council
(BIMCO)

Carbon Intensity
Indicator (CII)
Demurrage

Despatch

Estimated Time of
Arrival (ETA)
Estimated Time of
Completion (ETC)
Estimated Time of
Departure (ETD)
European Emission

Trading System (EU
ETS)
First-Come-First-
Served (FCFS)

International Maritime
Organization (IMO)

The actual time of arrival of the vessel to the port.

Provides information about vessel’s position, identification,
and other information to other vessels and coastal
authorities. The AIS data can be monitored in real-time,
and historical AIS can be used for different analyses of
vessels’ movements.

Maritime organization specialized in trade and regulations.
It is one of the largest international organizations that
represent vessel-owners, charterers, and ship brokers.
Mandatory measure to determine the annual reduction
factor needed to ensure continuous improvement of vessel’s
operational carbon intensity.

Charge that can be claimed by vessel owners if the agreed
laytime in the charter party is exceeded.

Charge that can be claimed by charterers if the agreed
laytime in the charter party is shorter than agreed.

The estimated time of arrival of the vessel to the port.

The estimated time of completion of cargo-operation while
the vessel is berthed.

The estimated time of departure of the vessel from the port.

The world’s first major carbon market. It is part of the
European policy to combat climate change and reduce
emission.

Berth allocation policy in which the access to berth is
determined by the sequence of arriving vessels to the port

Specialized agency of United Nations to maintain
comprehensive regulatory framework for
transportation. The IMO focuses on safety, environmental,

maritime

and legal matters.
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Just-in-Time JIT)

arrival
Laytime

Laycan

Maritime
Window (MSW)

Marine

Single

Environment
Protection Committee
(MEPC)

Noon Reports (NR)

Notice of Readiness

(NOR)

Port Community
System (PCS)
Pre-booking berth

allocation policy (PBP)

Recommended Time of
Arrival (RTA)

Swedish Maritime
Authority (SMA)

Time
(TCP)

charterparty

Utmost dispatch

Virtual Arrival (VA)

Key terms and abbreviations

The philosophy of vessels arriving JIT to the port, based on
the availability of the berth and other required services.

The time allowed for charterers for loading and/or
discharging. The laytime starts when the NOR is tendered

Agreed range of days between vessel owners and charterers
when the vessel must be at port.

Portal for reporting information regarding vessels calling
Swedish ports.

Specialized committee under IMO’s remit to address
environmental issues.

Data sheet prepared by the vessel’s chief engineer daily. The
sheet contains vessel’s speed, main engine rpm, sea
condition, wind and wave conditions etc.

A statement that indicates the vessel has arrived at the port
and is physically and legally ready to begin cargo-
operations. The purpose of the NOR is to inform the
charterers that the vessel is at their disposal, and start
clocking the laytime.

Information system designed to share information among
public and private actors in ports.

Berth allocation policy in which shipping companies,
charterers, and port authorities agree to reserve the berth
for a specific vessel during a specified time interval.

The time which port authorities/terminals instruct the
vessel crew to arrive to the port at. RTA allows the vessel
crew to adjust the speed of the vessel based on the
availability of the services at the port of destination.

Swedish government agency providing services to the
transport sector to keep sea lanes open and safe. The SMA
provides services such as pilotage and ice-breaking.

Contract between vessel owner and charterer to hire the
vessel under specified time period. TCP typically allows for
the charterer to decide the voyages and speed of the vessel
under charter.

Charterers in time charter party instructing the vessel to
proceed to the berth without delays.

Contractual agreement between shipping companies and
charterers to reduce the speed of the vessel to avoid known
delays in the port of destination.
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Key terms and abbreviations

Voyage  charterparty | Contractual agreement between vessel owner and charterer
(vep) for the carriage of cargo from one port to another on a per-
ton or lump-sum basis.
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Introduction

1. INTRODUCTION

The background, purpose, scope, and outline of the thesis are presented
here.

1.1 Background

Maritime transportation accounts for 3% of the global greenhouse gas
(GHG) emissions (IMO, 2020). In 2018, the International Maritime
Organization (IMO) adopted an initial strategy to reduce emissions from
maritime transportation (IMO, 2020). One target of the IMO’s strategy is
to reduce the emissions of international shipping per transport work by
40% by 2030, compared to the levels of 2008. Similar initiatives are
adopted on a European level, e.g., the Fit for 55 package and the inclusion
of shipping in the European Union Emission Trading System (EUETS)
(Regeringskansliet, 2023).

To reduce emissions from maritime transportation, a variety of different
measures can be used. These measures can be categorized as technical,
market-based, and operational measures (Bouman et al., 2017; Psaraftis et
al., 2021; Jimenez et al., 2022; Shi, 2016). For technical measures, the aim
is to incorporate new technologies helping to reduce emissions from vessels
(Xing et al., 2020). Rudders, high efficiency propellers, and alternative
fuels are examples of the technical measures (Alamoush et al., 2022; Xing
et al., 2020; Zhang et al., 2019). For market-based measures, the aim is to
change the behavior of maritime actors to reduce emissions by the adoption
of operational and technical measures (Psaraftis et al., 2021). Examples of
the market-based measures are bunker levy, port state levy, and Emission
Trading Systems (ETS) (Psaraftis et al., 2022; Chen et al., 2023). For
operational measures, the aim is to reduce emissions during operations of
vessels or fleets by operational efforts and changes (Bouman et al., 2017;
Corbett et al., 2009; Xing et al., 2020). Speed and voyage management,
capacity utilization management, trim optimization, and logistics and
supply chain planning are examples of the operational measures (Bouman
et al., 2017; Stevens et al., 2015; Rehmatulla and Smith, 2015; Xing et al.,
2020; Winnes et al., 2015).

In this thesis, the focus is on operational measures, particularly within the
category of speed and voyage management. In earlier research, a variety of
alternative speed measures are presented, evaluated, and discussed. One
example is slow steaming, i.e., reducing the sailing speed of the vessel to
reduce fuel consumption and emissions (Psaraftis, 2019; Psaraftis and
Kontovas, 2013). Another example is speed optimization, i.e., the selection
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of an appropriate speed profile for the vessel to optimize a specific objective
(Psaraftis, 2019). Speed limit is yet another example, that is imposed on
vessels passing specific sea-areas (Cariou and Cheaitou, 2012). Lastly,
reducing the sailing speed of vessels during the voyage to avoid known
delays at the port of destination is also an alternative (Winnes et al., 2015).
This last measure is referred to as Just-in-Time (JIT) arrival (Jia et al.,
2017; Johnson and Styhre, 2015; IMO, 2020).

The IMO defines JIT arrival as maintaining an optimal ship sailing speed
to arrive at the pilot boarding place when the availability of berth,
fairway, and all other port call services are ensured (IMO, 2020, p.3).
Adjusting the sailing speed of vessels during the voyage based on the
availability of berth and other port call services to avoid delays is relevant
because of the lengthy duration of delays experienced in port calls. For
instance, IMO (2020) reported that vessels (tankers and dry-bulkers)
annually spend on average 9% of their time delayed at anchorage.
Andersson and Ivehammar (2017) identified vessels that anchored in the
Baltic Ports. Their estimates for those anchored vessels show that 54% of
the anchored vessels spend between 1-23 h at anchorage, and 46% spend
24 h or more. These delays are caused by capacity constraints in the port
call process, e.g., occupied berth upon arrival of vessels, or due to shortage
in pilots and captains to provide towage during port calls (Nikghadam et
al., 2023; Poulsen and Sampson, 2020).

Avoiding delays by slower sailing speed benefits the fuel efficiency during
the voyage and port stay, leading to fuel and emission savings. The
estimated potential for fuel and emission savings by the implementation of
JIT arrival ranges between 2-20% (Jia et al., 2017; portXchange, 2022;
Jonhson and Styhre, 2015; Fuentes and Adland, 2023). This potential is
relevant to port authorities, vessel owners, and charterers. Port authorities
benefit from decreased delays at the ports as this enables decreased
emissions from vessels in the port area. Moreover, the safety within the
port area can potentially increase thanks to reduced congestion of vessels.
For vessel owners and charterers, the benefits relate to avoiding delays and
saving fuel costs and emission (Jia et al., 2017). Besides the potential of fuel
and emissions savings, JIT arrival does not impact the capacity of maritime
transportation negatively as opposed to other speed reductions measures
like slow steaming. With JIT arrival, delays are avoided by extending the
voyage time, without impacting the total transportation time from port to
port (Poulsen and Sampson, 2019). This entails that the transport capacity
is not affected negatively either (compared to the case for slow steaming for
instance), and that transportation services (in particular total
transportation time) from the perspective of charterers remain
indistinguishable. Also, unlike some technical measures, JIT arrival does
not require any engineering breakthroughs (Alamoush et al., 2022).
Instead, efficient information sharing, planning, and coordination among
port call actors are necessary for its implementation (Gibbs et al., 2014; Jia
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et al., 2017). Compared to other measures (e.g., turbocharger cut-out), JIT
arrival has low implementation costs related to software solutions, which
is another advantage associated with this measure (Eide et al., 2011;
Schorer et al., 2022; Gundersen et al., 2016).

Given the fuel costs and emissions savings potential of JIT arrival in
maritime transportation, its implementation is relevant for public
authorities and commercial actors alike. In practice, however, the
implementation of JIT arrival in port calls remains limited. Survey results
based on European shipping companies revealed that only a small share of
companies have implemented JIT arrival in their operations (Rehmatulla
and Smith, 2015; Sung et al., 2022). The limited implementation of JIT
arrival can be explained by several barriers in maritime transportation.
These barriers are related to the uncertainty of the actual fuel and
emissions savings that can be realized by JIT arrival, the present berth
allocation policy First-Come-First-Served (FCFS) used in ports, the
charterparties used in shipping, and the insufficient coordination, planning
and quality of information sharing among actors in maritime
transportation. These barriers are further described below.

In earlier studies, the estimates of JIT arrival indicate a promising potential
for the fuel and emissions savings. However, in two recent studies,
researchers have emphasized that the potential of JIT arrival is uncertain,
and that earlier studies may have overestimated its potential (Adland et al.,
2020; Berthelsen and Nielsen, 2021). This uncertainty in the validity of the
fuel and emissions savings might cause actors to pause regarding the
implementation of JIT arrival, which would constitute a barrier for its
implementation (Poulsen and Sampson, 2019).

The FCFS combined with the charterparties used in shipping is another
barrier limiting the implementation of JIT arrival (Rehmatulla and Smith,
2015; Fuentes and Adland, 2023). The allocation of vessels to berths in the
port call process is predominantly coordinated by the FCFS arrival policy
(Cho et al., 2022). This means that the access to the berth, and the different
services required to proceed to the berth (e.g., pilotage) is determined by
the sequence of the arriving vessels to the port (Alvarez et al., 2011).
Although, perceived as fair and robust, the FCFS coordination mechanism
is considered as environmentally unsustainable (Senss et al., 2023; Roseg,
2010, Schwartz et al., 2020).

Due to FCFS, shipping companies are incentivized to “rush-to-wait” to
tender the Notice of Readiness (NOR) (Schwartz et al., 2020). The NOR is
a document issued by captains of vessels to showcase the readiness of
vessels to start loading and/or discharging. Tendered NOR and the rush-
to-wait would reduce the risk of contract cancellation and potentially
increase the profit from demurrage in market conditions where freight
rates are unprofitable (Poulsen and Sampson, 2019; Fuentes and Adland,
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2023; Adland and Jia, 2018). From the perspective of charterers (buyers of
shipping services), they may instruct the speed of the vessel to proceed to
the port without delays, i.e., use the utmost dispatch clause, when the vessel
is operating on a time charterparty (Adland and Fuentes, 2023). This is
because charterers prioritize the certainty of delivery of cargo more than
fuel and emissions savings associated with JIT arrival (Poulsen and
Sampson, 2019). These charterparty properties limit the implementation
of JIT arrival. Even if the vessel owners and the charterers agree to reduce
the sailing speed to arrive JIT, the risk of the berth being occupied by other
vessel during their arrival hinders such agreements. This risk is relevant to
consider by vessel owners and charterers as long as ports coordinate
vessels’ arrival on the basis of FCFS.

Another barrier limiting the implementation of JIT arrival is the
insufficient quality of information shared among actors in the port call
process (Johnson and Styhre, 2015; Aroca et al., 2020). The port call
process is characterized by the involvement of many actors providing
interdependent services to the arriving vessels. The interdependent nature
of these services requires coordination (Fransen and Davydenko, 2021).
Successful implementation of JIT arrival relies on efficient coordination of
the actors and their services. Though, in practice, evidence about the
insufficient quality of shared information exists, limiting the possibility for
efficient coordination among actors (Johnson and Styhre, 2015). For
example, vessels’ Estimated Time of Arrival (ETA) shared by agents are
rarely updated and are unreliable (Aroca et al.,, 2020; Veenstra and
Harmelink, 2022). The reliance on manual modalities to share information
in port calls also affects the information quality (Gumuskaya et al., 2020,
Wide, 2021). The limited quality in information sharing among port call
actors negatively affects the possibility to manage the speed of vessels
during the voyage and implement JIT arrival (Scheyn and Brathen, 2015).
Insufficient quality of information sharing also affects the resource
planning and utilization associated with the port call services at shore
(Elbert and Walter, 2014; Nikghadam et al., 2023). Unreliable ETA from
vessels, and insufficient coordination among the arriving vessels to the port
affect the planning of terminals and cause “clashes” in the port call process
(Neagoe et al., 2021). Improved information sharing can be facilitated by
information sharing platforms like Port Community Systems (PCS) to
enable better coordination among port call actors (Gibbs et al., 2014; Jia et
al., 2017; Elbert et al., 2017). Though, presently only few implementations
of PCS exist for the port call process, and particularly JIT arrival.

To enable the implementation of JIT arrival, and reach the expected
potential, alternative coordination mechanisms for coordinating the arrival
of vessels with the required services in the port call process are necessary.
Pre-booking policy (PBP) allowing the berth to be booked in advance would
facilitate JIT arrival implementation (Gibbs et al., 2014; Kontovas and
Psaraftis, 2011). However, to pre-book berths and possibly implement JIT
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arrival, the level of planning and information sharing needed to coordinate
actors is higher compared to the case where FCFS is used. Therefore, the
focus in this thesis is on exploring how coordination mechanisms can be
used to enable the implementation of JIT arrival. In earlier studies, the
need for better coordination among port call actors to implement JIT
arrival is underlined (IMO, 2020). However, little is known about the
required coordination mechanisms, the interaction between these
mechanisms, and what, when and how plans and information should be
shared among port call actors to coordinate vessel arrivals and port call
services on JIT basis. Furthermore, while the potential of JIT arrival in
earlier studies is perceived as promising, recent studies emphasized that
the fuel efficiency potential of implementing JIT is uncertain, and may be
overestimated (Adland et al., 2020). The uncertainty of potential fuel and
emissions savings limits the implementation of JIT arrival (Poulsen and
Sampson, 2019). Thus, further research about the fuel and emissions
savings potential of JIT is necessary to understand its actual potential,
which is an additional focus in this thesis.

1.2 Purpose

The purpose of this thesis is to explore how to implement Just-in-Time
arrival by studying coordination during the port call process.

1.3 Scope

The starting point in this thesis is in maritime logistics and transportation,
with a focus on the port call process. The start-boundary of the port call
process is the late stage during the voyage execution, when the vessel
approaches the port of destination. In this context, the “late stage” is not a
pre-defined moment in time but can be approximated to 24-72 h before the
arrival of the vessel to the port'. The end-boundary of the port call process
is when the cargo-operations and other services are completed, and the
vessel departs from the port area to sail to the next port. Within the port
call process, there are several subprocesses, e.g., activities and services that
are included in the scope. The included activities are the voyage execution
process, pilotage, towage, mooring, inspection and cargo operations, agent
assistance and activities conducted by the port authority and Vessel Traffic
Service (VTS).

Within the boundaries of the port call process, the following actors are
included in this scope of the thesis: tanker shipping companies, oil and gas
companies (charterers), port authority and VTS, terminal operators of
different oil and gas companies, surveyors and load/discharge masters,
agents, pilots, tugboat operators, and mooring operators. The focus is on

!'In practice, this depends on how far the port of origin is from the port of destination.
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the transportation of bulk cargo, for which tankers and dry bulkers are
suitable vessel types. The transportation of bulk cargo represented 56% of
the total cargo transported during 2021 (UNCTAD, 2022).

The focus in the studied system is on the following coordination
mechanisms: the PBP, the information sharing (facilitated by PCS) among
port call actors, and the planning of services and activities. These are
considered as important coordination mechanisms to enable efficient
coordination to realize the potential of JIT arrival in port calls. More
specifically, the focus is on the interaction between these mechanisms and
how they contribute to the implementation of JIT arrival in port calls. For
example, the availability of relevant information is necessary for individual
actors’ planning processes. In turn, the PBP intends to coordinate the
different individual plans of actors into one plan to potentially facilitates
the implementation of JIT arrival.

The port call process is illustrated in Figure 1, including the services and
activities, the actors, and the different coordination mechanisms required
to implement JIT arrival.

f Just-in-Time arrival in the port call process \

Voyage execution Port call services and actors

s
Just-in-Time arrival
I i
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Figure 1. The studied system in the thesis.
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1.4 Outline

In chapter 2, the frame of reference and the research questions (RQs) are
presented. In chapter 3, the methodology, including research approach and
process, data collection methods and research quality, is discussed. The
summary and the contribution of each appended paper to the thesis is
presented in chapter 4. The findings of the thesis are presented in chapter
5. The discussion, conclusion and contribution are presented in chapter 6









Frame of reference

2. FRAME OF REFERENCE

In this chapter, the frame of reference and its structure are presented. In
the first section, maritime transportation and logistics, and the port call
process are introduced. Moreover, the concept of JIT arrival in port calls,
its potential and the barriers that limit its implementation are also
presented. In the second section, the concepts of coordination,
information sharing, and information quality are first presented,
followed by a review of the maritime transportation literature where
these concepts are used and discussed. In the third and last section, the
reviewed literature is synthesized to formulate the research questions
(RQs) of the thests.

2.1 Maritime transportation and logistics

Maritime transportation refers to transportation services supplied to
passengers and cargo owners over water masses using different types of
vessels (Rodrigue, 2020). Different types of vessels are suitable for
different types of cargo. The different vessel types such container carriers,
tankers, and dry bulkers can be used to carry containers, coal, oil and other
types of commodities (UNCTAD, 2022; Rodrigue, 2020; Christiansen et
al., 2007).

There are two common types of transportation services offered in the
maritime transportation market: liner services and tramp services. Liner
services refer to regular and scheduled maritime transportation services,
often calling several ports, and are like the “bus services” of maritime
transportation (Rodrigue and Notteboom, 2020; Poulson and Sampson,
2019; IMO, 2020). Tramp services refer to renting a vessel (or space in a
vessel) for specific transportation between specified ports of origin and
destination (Rodrigue and Notteboom, 2020). Tramp services are like the
“taxi services” of maritime transportation (Poulson and Sampson, 2019;
IMO, 2020).

Maritime logistics refers to the management of physical maritime
transportation flows, information flows, and the interfaces between
relevant actors involved in the transportation such as vessel owners,
charterers, terminals, and transport intermediaries like freight forwarders
and agents (Panayides and Song, 2013). The aim of maritime logistics is to
improve the efficiency and the service quality of transportation, and to
reduce the environmental impact of transportation (Panayides and Song,
2013).
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Within maritime logistics and transportation, there are three relevant
processes to manage: voyage planning, voyage execution, and port calls
(Poulsen et al., 2022; Poulsen and Sampson, 2020). For tankers and dry
bulkers (operating in tramp shipping), voyage planning entails the
decision-making and the agreements between shipping companies (vessel
owners) and charterers about the transportation (Poulsen et al., 2022). The
voyages are normally contracted through charterparties where agreements
between shipping companies and charterers are handled. In these
charterparties, a variety of different aspects such as preliminary route,
ports of origin and destination, amount of cargo, vessel’s speed, laytime,
demurrage and despatch, and other vessel specifications and performance
are negotiated (Poulsen et al., 2022; Cai et al., 2021, Branch, 2007; Bonello,
2021). There are three common types of charterparties used in shipping:
Voyage Charterparty (VCP), Time Charterparty (TCP), and bareboat
charter (Stopford, 2009; IMO, 2020). The differences between the three
are the structure of the cost allocation between the shipping companies and
the charterers, and the pricing mechanism (received revenue) used by the
shipping company to offer their services. For instance, in a VCP, the
shipping company bares the costs of cargo-handling, voyage and operating
expenses, capital costs, and receives payment per freight ton basis.
Whereas in a TCP, the charterer is responsible for costs associated with
cargo handling and voyage expenses, while paying the shipping companies
per day (Bonello, 2021). In Table 1, the cost allocation between vessel
owners and charterers under the TCP and the VCP is presented.

Table 1. Cost allocation between vessel owners and charterers under different
charter parties (Stopford, 2009; Bonello, 2021).

Cost element Time Charterparty Voyage
(TCP) Charterparty (VCP)
Cargo handling Charterer Vessel owner
Voyage expenses Charterer Vessel owner
Operating expenses | Vessel owner Vessel owner
Capital cost Vessel owner Vessel owner

In addition, there are also different types of clauses that can be
incorporated into the charterparties to modify the standard terms of
agreement in the charterparties. For example, if the original agreement
instructs the vessel crew to sail at “utmost dispatch” during the voyage,
some clauses can be incorporated to reduce the speed given a known delay
at the port of destination. Relevant shipping clauses to this thesis are
Virtual Arrival (VA), JIT arrival, and Sea Traffic Management (STM), all of
which are described in Appendix 1 in the thesis.

10



Frame of reference

2.1.1 The port call process

The port call process is a key process in managing maritime transportation.
It includes all the activities performed by different actors to serve the vessel
during her arrival, stay, and departure from the port. The starting point of
the process is the first submitted ETA by the vessel crew — or agents — to
the port of destination (Veenstra and Harmelink, 2021). Before arriving to
the port area, the agent is responsible to coordinate and book the required
services to serve the vessel upon arrival. Upon arrival, the captain tenders
the NOR, which starts the laytime. The laytime refers to the agreed period
between charterers and shipping companies within which the cargo-
operation is to be completed (Sun et al., 2021; Stopford, 2009). The NOR
can be tendered only when the vessel is ready for cargo-operations (Sun et
al., 2021). If the agreed laytime that is specified in the charterparty is not
met, demurrage or despatch may be claimed. The demurrage is paid by the
charterer to the shipping company when the actual laytime exceeds the one
that is agreed on. Whereas the despatch is paid by the shipping company
to the charterer if the actual laytime is shorter than the agreed laytime. Both
the demurrage and the despatch occur normally under VCP.

When the vessel arrives to the port area, the port authority, and Vessel
Traffic Service (VTS), ensure that the vessel meet the mandatory
requirement of the port (e.g., draught). Based on the availability of the
berth, the VTS also instructs the vessel to proceed to the berth or to wait at
the anchorage area if the requested berth is occupied. Before proceeding to
the berth, the nautical services including in-going pilotage and towage are
provided to the vessel (Fransen and Davydenko, 2021). Pilotage refers to
the navigational support provided to the vessel crew, whereas towage refers
to the dragging of one vessel with the aid of other vessels to the berth. Once
the vessel is berthed, mooring operators arrive to moor and stabilize the
vessel at berth. Cargo-operation can then commence to load or discharge
the cargo. During some circumstances, especially for tankers, the cargo
must be inspected by surveyors to certify the quality of cargo before cargo-
operation can commence (Cho et al., 2022). After cargo-operations, vessels
can proceed to the next berth, or leave the port (Cankaya et al., 2019). When
the vessel departs from the port, unmooring and out-going pilotage are
provided.

It is also important to address that some of the activities that are provided
to the vessels during the port call process are interdependent. For example,
cargo-operation cannot commence before inspection is finished, and
pilotage must first be provided to allow the vessel to proceed to the
port/berth, as it is compulsory to enhance navigational safety in most ports
(Wu et al., 2022).

In Figure 2, the illustration of the services (both nautical and berth
services) provided to the vessels during the port call process is presented.

11
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The nautical service phase )
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Figure 2. Services during the port call process (Paper-I1I).

The coordination mechanism that is used to allocate the arriving vessels to
the berths in port calls is FCFS (Cho et al., 2022; Li et al., 2022; Imai et al.,
2001). The allocation of berths in FCFS is determined by the sequence of
the arrival of vessels to the port (Cho et al., 2022; Alvarez et al., 2011).
While FCFS is perceived as fair by actors (Rgsag, 2011), findings from the
literature have pointed out several inefficiencies in the port call process
associated with FCFS. Examples of these inefficiencies are delays (and the
economic consequences on vessels’ efficiency caused by these delays), poor
resource utilization, and increased emissions (Cankaya et al., 2019;
Strandenes, 2004; Adland and Jia, 2018). It is discussed that FCFS drives
speed competition among shipping companies and the “rush-to-wait”
phenomenon that is inefficient vis-a-vis fuel consumption and emissions
(Kontovas and Psaraftis, 2011; Adland and Jia, 2018). In FCFS,
information sharing among port call actors is also limited and at some
instances is discouraged (Cho et al., 2022; Nikghadam et al., 2023). Citing
Cho et al. (2022, p. 104): “According to the current FCFS rule, the broker
does not share information with other brokers, and seeks favorable
scheduling for the tanker in charge only.”.

2.1.2 Just-in-time arrival in maritime transportation

JIT arrival in maritime transportation refers to maintaining an optimal
ship sailing speed to arrive at the pilot boarding place when the
availability of berth, fairway, and all other port call services are ensured
(IMO, 2020, p.3). The aim with JIT arrival is to detect and avoid delays at
the port of destination by adjusting the sailing speed of the vessel during
the voyage (IMO, 2020; Jia et al., 2017). This is also referred to as speed
reduction to enable port efficiency (Johnson and Styhre, 2015).

The potential benefits of JIT arrival and adjusting the sailing speed are to
reduce delays at ports and obtain fuel and emissions savings by slower

12
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sailing speed (Aroca et al., 2020; Jia et al., 2017; IMO, 2020). Also, the total
port-to-port time remains unaffected, as JIT arrival extends the duration
of the voyage only based on the duration of delays at the port of destination.
This is relevant because it entails that the transport service remains
indistinguishable from the charterer’s perspective. This also means that no
further transport capacity is required as the slower sailing speed aims to
avoid delays only.

Detailed estimates about the savings in fuel and emissions associated with
the implementation of JIT arrival are found in the literature. Combining
quantitative operational data from Voyage Reports and Statement of Facts
with interviews, Johnsen and Styhre (2015) concluded that bulk shipping
companies can reduce the average waiting time between one to four hours
using JIT arrival. Moreover, their analysis shows that the savings of JIT for
two bulk vessels in the Baltic Region ranges from 2% to 8% in fuel
consumption reduction (Johnson and Styhre, 2015). Based on Automatic
Identification System (AIS) data, the potential of JIT arrival for Very Large
Crude Carriers (VLCC) in global trade is estimated to range between 7%-
19% in emissions savings, and up to 138 tonnes of fuel saving per voyage
(Jia et al., 2017). Sung et al. (2022) found that on average, 9% fuel savings
per voyage, can be reached through the implementation of JIT arrival.
Fuentes and Adland (2023) estimated the potential of JIT arrival for
voyages sailing through the Panama Canal and found that 0.3-5% in
emissions savings per year can be reached depending on the JIT arrival
strategy that is used. In a white paper written by PortXchange (2020), the
potential of JIT arrival was estimated to 16% in emission reduction on
average.

Despite the promising potential of JIT arrival, its implementation remains
limited in practice (EPA, 2020; Bloomberg, 2023). This limitation is
explained by a variety of barriers found in the literature and presented next.

The barriers of Just-in-Time arrival in maritime
transportation

Avariety of barriers related to the implementation of JIT arrival were found
in the literature. These barriers include:

e Uncertainty about the potential of fuel and emissions savings
associated with the implementation of JIT (Poulsen and Sampson,
2019; Adland et al., 2020).

e The charterparties and contractual agreements used in shipping
(Fuentes and Adland, 2023; Rehmatulla and Smith, 2015).

e The berth allocation policies used in ports, in particular FCFS
(Kontovas and Psaraftis, 2011; Gibbs et al., 2014).

e Coordination and information sharing barriers (Aroca et al., 2020;
Veenstra and Harmelink, 2022; Johnson and Styhre, 2015).

13
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The uncertainty in the validation of fuel savings obtained from JIT arrival
is one barrier limiting the implementation of this measure (Poulsen and
Sampson, 2019). While in some publications the estimates of the potential
of JIT arrival are promising (up to 20% in savings), in others there is
uncertainty about how much fuel can be saved (Poulsen and Sampson,
2019; Berthelsen and Nielsen, 2021). Vessel owners and charterers still rely
on Noon Reports to assess the performance of vessel (e.g., fuel efficiency
potential due to speed reduction). As the frequency of updating these
reports is not high, the quality of the data is low, making the estimation of
the potential difficult (Bonello, 2021). This can potentially explain the
reason for the uncertainty in the validation faced by maritime actors,
mentioned by Poulsen and Sampson (2019). Moreover, recent publications
have warned about that researchers in previous studies estimating the
potential of JIT arrival may have overestimated the potential of JIT arrival
(Adland et al., 2020).

Regarding contractual barriers, the split incentive arising from the
principal-agent relationship in VCP limits the implementation of JIT
arrival (Rahmetulla and Smith, 2015). Vessel owners bear the fuel costs in
the VCP and have sometimes incentives to increase the fuel efficiency of the
vessels during the voyage. However, the charterers in VCP have no other
concern apart from arriving on time to the port of destination (Fuentes and
Adland, 2023). Thus, in VCP, during some circumstances, where the
utmost dispatch clause is used, the possibility to implement JIT arrival are
more limited as the clause limits the flexibility of speed adjustment during
the voyage. In other circumstance, where fuel efficiency is not rewarded,
vessel owners are incentivized to “rush-to-wait” (Adland et al., 2017). This
means that it is in the interest of vessel owners to sail fast to tender the
NOR. This is because “rush-to-wait” has potential to allow vessel owners to
earn demurrage revenue, which in poor market conditions can be higher
than revenue from freight rates (Adland and Jia, 2018). The FCFS
mechanism is pointed out as one of the drivers for the “rush-to-wait”
phenomenon in the literature (Schwartz et al., 2020, Adland and Jia,
2018).

In TCP, the charterers can adjust the speed of the vessel during the voyage
within an allowed range of speeds. This freedom in speed-adjustment is
important to maximize the charterer’s profits (Beullens et al., 2023).
However, the utmost dispatch clause is also sometimes used in TCP as
charterers prefer the certainty of delivery of cargo over earnings from speed
reduction (Poulsen and Sampson, 2019). It is important to address that the
spilt incentives problem in TCP is less evident compared to VCP. This is
because charterers benefit of the speed reduction as they bear the fuel costs
directly.

Even if vessel owners and charterers agree to adjust the sailing speed to
arrive JIT, regardless of the type of charterparty, there are risks associated
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with FCFS that limit such considerations. As the allocation of berths is
determined by the sequence of arrival in FCFS, charterers and vessel
owners risk losing the berth to another vessel arriving before them. To
mitigate this risk, earlier publications highlight the need to replace the
commonly used FCFS with “time-slot policy”, or “pre-booking policy”
allowing the berth to be booked in advanced before arrival (Kontovas and
Psaraftis, 2011; Gibbs et al., 2014; Lind et al., 2021). This would protect
charterers and vessel owners from the risk that the berth will be occupied
by another vessel upon their arrival.

Coordinating the arrival based on pre-booked berths to facilitate the
implementation of JIT arrival requires efficient planning that relays on
real-time information sharing (Jia et al., 2017; Gibbs et al., 2014). Though,
in practice, evidence about the insufficient quality of shared information
that negatively affects the planning and coordination among actors exists.
Actors in maritime transportation are still behind in utilizing digital tools
such as PCS, as reported in the literature (Helig and VoB, 2017). There is
also a reliance on manual information sharing modalities, that limits the
quality of information (Veenstra and Harmelink, 2022; Aroca et al., 2020;
Lind et al., 2021; Gibbs et al., 2014). For example, deviations in the shared
ETA negatively impact the entire planning of port calls (Yu and Vo8, 2023).
Agents not sharing information with their vessels about disruptions also
negatively impact the planning and execution of the voyages (Schgyn and
Brathen, 2015). The information deficiency in maritime transportation is
considered as a barrier for JIT arrival. This is because the implementation
of JIT requires increased quality in the operational information sharing
among port call actors. These information deficiencies are further
elaborated in Section 2.2.2.

Earlier studies of alternative berth allocation policies to
coordinate port calls

Earlier studies have compared FCFS with alternative berth allocation
policies and analyzed their potential benefits and drawbacks. To improve
port efficiency, Imai et al. (1997) concluded that optimal berth allocation
polices must be found and operated instead of FCFS. Though, the authors
also elaborated on the sensitivity of these policies as they fail to satisfy
shipping companies’ perception regarding the order of service (Imai et al.,
1997). For example, an optimal policy may prioritize smaller vessels to
serve before larger ones. This may lead to longer waiting times for the large
vessels, but shorter waiting times in total. Several studies on berth
allocation policies are presented and evaluated in the literature. These
studies are presented below.

Eisen et al. (2021) use a simulation-optimization approach to examine the

potential of berth allocation policy with four alternative priority rules for
tankers in the port of Amsterdam. These priority rules are: 1) FCFS with
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fixed arrival times, 2) No FCFS with fixed arrival times, 3) Pre-booking
policy with 48 h restriction to book in advance, 4) Pre-booking policy with
no restriction, i.e., berth booking can occur whenever. Compared to a FCFS
baseline scenario, their results show that scenarios in which berths can be
booked in advance with no restriction provide the most improvement in
terms of berth utilization.

Yildirim et al. (2020) use simulation-optimization approach to evaluate
FCFS with other hybrid berth allocation policies in which they consider
different operational characteristics such as vessel sizes in the port of
Izimir, Turkey. The outcome of their proposed policies reduces the average
vessel waiting time and increase berth utilization compared to the FCFS
policy.

Alveraz et al. (2011) use a simulation-optimization approach to compare
FCFS with two alternative berthing policies: a Standardized Estimated
Arrival Times (SETA) and Global Optimization of Speed, Berth, and
Equipment Allocation (GOSBEA). Their results — of the sampled vessels
based on market conditions of 2008 and 2009 — indicate that the GOSBEA
leads to a reduction in total fuel consumption by 6% compared to the other
two policies. Moreover, the average waiting time in ports is reduced by
more than an hour, and half an hour, compared with FCFS and SETA,
respectively.

Abou Kasm et al. (2022) distinguish between minimizing the total delay
policy and minimizing the maximum delay policy. They argue that the
latter is fairer, as the difference between waiting times are reduced
compared to the first. They use a mixed integer programming approach to
evaluate the minimizing maximum delay berthing policy while considering
several constraints. Their proposed berthing policy is simulated for the port
of Abu Dhabi, showing improvement compared to the existing FCFS policy
used in the port. Maximum delay was reduced from 6 h to 4.5 h, total delay
was reduced from 42 h to 18 h, and utilization rates for tugboats, pilots and
pilot boats increased from 75.56%, 21.9%, 24.4% to 82.93%, 24.1%, 26.8%.
They also found that the outcome of their proposed policy increases when
the congestion ratio at the port increase.

Zhang et al. (2016) propose a mathematical model for channel-berth
coordination in a Chinese port. They later compared their model with FCFS
and a simple genetic algorithm approach. Their proposed model leads to
reduction in total waiting time, total scheduled time, and maximum
waiting time for visiting vessels.

Nikghadam et al. (2023) propose a coordination-based policy involving
information sharing and vessel differentiation in the Port of Rotterdam.
Vessel service providers (tug- and pilot organizations) share information
about arriving vessels between each other, and pilots can prioritize vessels
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with smaller towage requirement. The simulation of their proposed policy
shows 30% reduction in waiting times can be achieved, while service
providers improve their services. Their coordination-based policy and the
prioritization of vessels with smaller towage requirement was motivated as
the Port of Rotterdam suffers of limited towage capacity, i.e., the bottleneck
in the port call process.

2.2 Coordination and Information sharing

Coordination is a managerial function used to manage interdependencies
between activities and the joint effort towards a common goal (Malone and
Crowston, 1994). This definition entails that coordination arise only when
there are interdependencies (Soroor et al., 2009). Examples of different
interdependencies are: Sequential interdependency, reciprocal
interdependency, and pooled interdependency (Thompson, 1967; Bankvall
et al., 2010).

According to Thompson (1967), sequential interdependencies occur when
there is a unidirectional pattern of interdependency that can be specified.
It describes the interdependence between activities/workers, where “the
previous one must act properly before the next; and unless the previous one
acts, the next one cannot solve its output problem”. Reciprocal
interdependencies occur when the outputs of each activity become inputs
for other activities. A typical reciprocal interdependency is when two
related activities must change at the same time in order to work. Pooled
interdependencies occur when each part renders a discrete contribution to
the whole and each is supported by the whole. Pooled interdependency
between two activities implies that they are related to a third activity or
share common resource (Thompson, 1967).

Coordination mechanisms are specific tools designed to address specific
coordination problems (Fugate et al., 2006). Different types of
mechanisms are suitable for different problems. A variety of different
classifications of coordination mechanisms are described in the literature.
Examples of these classifications include inter-organizational mechanisms,
intra-organizational mechanisms, impersonal mechanisms, and personal
mechanisms. Specific examples of coordination mechanisms include
information sharing and technology, joint decision-making, mutual
adjustment, direct supervision, standardization of work, standardization of
output, standardization of skills and knowledge, standardization of norms,
and planning and information management (Mintzberg, 1989; Kanda and
Deshmukh, 2008; Tuomikangas and Kaipia, 2014).

In this thesis, the focus is on planning and information sharing as

coordination mechanisms to coordinate JIT arrival in port calls. The
relationship between these two mechanisms is presented by Tuomikangas
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and Kaipia (2014). Sharing information among individual actors may
enable them to make decisions with a positive impact on the transportation
chain (Tuomikangas and Kaipia, 2014; Lehoux et al., 2013). For instance,
sharing container information can potentially improve the planning of
terminal-operators, which in turn improves the transportation chain.
Moreover, the focus is on the coordination of inter-organizational actors in
the port call process. Kembro and Naslund (2014) defined information
sharing as sharing inter-organizational data, information, and knowledge
in supply chains (Kembro and Nislund, 2014). In this thesis, the focus is
on inter-organizational information sharing, however, the focus is on the
transportation chain level instead of supply chain level.

There are four aspects of information sharing: Information content,
information frequency, information modality, and information direction
(Mohr and Nevin ,1990). Information content refers to what information
to share. Information frequency refers to the number of communications
between actors. Information modality refers to the method that is used to
share information. Information direction refers to how information is
shared, i.e., bidirectional (in two directions) or unidirectionally (in one
direction).

Another important factor that is related to information sharing, planning,
and coordination is information quality. Information quality is defined as
the ability to satisfy implied and stated needs of information receivers
(Myrelid and Jonsson, 2019). Several dimensions can be used to measure
information quality, e.g., relevance, accessibility, reliability, consistency,
security, credibility (Gustavsson and Wanstrom, 2009; Stvilia et al., 2007;
Viet et al., 2018).

The relation between information sharing, coordination, and uncertainty
is highlighted in the Organizational Information Processing Theory (OIPT)
(Galbraith, 1977). In OIPT, the fit between the processed and the required
information when uncertainty increases is considered. Uncertainty is
considered as “the difference between the amount of information required
to perform the task and the amount of information already possessed by
the organization” (Galbraith, 1973). The information processing
approaches used in OIPT to manage increased uncertainty are: 1) to reduce
the information processing needs, or 2) to increase the information
processing capacity. If no choice is made between these approaches,
performance is likely to be negatively influenced by creation of slack
resources. In the increased information processing capacity approach, the
investments in information systems and the creation of lateral relations to
share information are important. Whereas in the approach of reduced
information processing need, this leads to the creation of slack resources,
self-contained task and environmental management. The OIPT is used to
analyze information and coordination in supply chain and transportation
chain contexts (Wide et al., 2021; Srinivasan and Swink, 2015). In Figure
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3, an overview of the information processing approaches of OIPT is
provided. These include both those that can be used to reduce the
information processing needs and increase the capacity for information
processing. Both approaches are marked under the red frame.
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Figure 3. Approaches to manage coordination and uncertainty in the OIPT
(adopted from Wide et al., 2021; Galbraith, 1997).

2.2.1 Coordination in maritime transportation

The maritime transportation literature with coordination perspective
focuses primarily on three aspects of coordination. The first aspect relates
to identifying coordination problems in different processes, e.g., vessel
arrival, truck arrival, and port operations. The second aspect relates to
explaining the causes and the consequences of these identified problems.
The third aspect is related to relevant coordination mechanisms to manage
the identified problems. Below, a review of the studies addressing these
aspects of coordination is presented.

Several coordination problems were identified by van der Horst and De
langen (2008) in the context of inland container transport chains in the
Port of Rotterdam. These problems include insufficient container
operations planning caused by insufficient information of container data.
In turn, the insufficient planning cause delays in different areas of the
transportation chain, e.g., rail terminals. Delays due to congestion also
occur in the Port of Rotterdam caused by peak load in road transports.
Other studies, in the same port found bottlenecks in towage services, which
in turn cause delays in the nautical service chains provided to arriving and
departing vessels (Nikghadam et al., 2021; Nikghadam et al., 2023;
Gymuskaya et al., 2020).

In Australian maritime transportation chains, the limited coordination
among the arriving vessels calling the ports causes clashes in landside
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operations (Neagoe et al., 2021). Delays due to congestion can also occur
due to limited information sharing among organizations operating in
different transport chains, but using the same facilities (Neagoe et al.,
2021). Wide et al. (2021) found that the coordination to manage
disruptions in the Swedish intermodal freight transportation is limited.

The coordination mechanisms that are discussed in the maritime
transportation literature are classified as strategic and/or operational
(Wide, 2021; Gumuskaya et al., 2020). van der Horst and De langen (2008)
proposed four mechanisms to manage the coordination problems they
identified. These are 1) the introduction of incentives (e.g., tariff
differentiation and penalties),2) creation of an interfirm alliance
(subcontracting, project specific contract), 3) Changing scope (e.g., vertical
integration, and 4) creation of collective actions, e.g., ICT system for a
sector of industry. These coordination mechanisms are viewed as strategic.
Similar mechanisms such as contracts with risk-bearing commitment and
subsidiaries were considered by Franc and van der Horst (2010) to
integrate services between terminals and shipping lines.

From an operational coordination perspective, information is considered
as an important mechanism to manage coordination problems in
transportation (Wide, 2021; Sternberg et al., 2012). In this thesis, the use
of information to facilitate improved planning and coordination among
actors in the context of JIT arrival in the port call process is considered.

2.2.2 Information sharing and quality in maritime
transportation

The importance of sharing information with high quality to plan,
coordinate, and execute transport operations is well documented in the
maritime transportation literature. Early and frequent sharing of ETA can
increase the utilization of resources in ports (Elbert and Walter, 2014; Yu
et al., 2018). Nikghadam et al. (2021) provided a framework in which they
address the direction and the content of information sharing among actors
in the port call process to mitigate delays. For example, they proposed that
sharing ETA, together with Estimated Time of Departure (ETD), shared
resources (e.g., pilots and required number of tugboats) can be utilized to
potentially mitigate delays in port calls (Nikghadam et a., 2021). Yu et al.
(2022) provides a framework for information sharing addressing the
content, direction, and frequency of information to optimize the speed of
vessels with regards to berth allocation. Simulation of sharing cargo-
specific information and real-time traffic information that allow for
dynamic stowage planning have shown potential to mitigate delays in port
calls (Conca et al., 2018; Zudiwijk and Veenstra, 2015). In addition, the
progress of cargo-operation, i.e., real-time information and the Estimated
Time of Completion (ETC) has been highlighted as important content to
enable efficient planning by a variety of actors involved in the port call
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process (Weigsmans et al., 2018). Information about disruptions (Wide
2021), like delays of incoming vessels during their voyage, or delays at the
port, are important for different port call actors’ plans (Weigsmans et al.,
2018; Reis, 2019; Gibbs et al., 2014). Vessel-specific order-information
such as towage requirement is important to allow actors providing port call
services to plan their resources efficiently and to mitigate delays
(Nikghadam et al., 2023).

In several studies, the quality of information sharing in maritime
transportation is examined. Some of these studies focus on the reliability
of ETA. Based on time stamps from AIS data, Veenstra and Harmelink
(2021) found significant inaccuracy of the ETA provided by arriving vessels
in the Port of Antwerp. The authors concluded that the unreliability of ETA
negatively influences the implementation of JIT arrival (Veenstra and
Harmelink, 2022). Other studies address the timely dimension of
information quality. For instance, Schgyn and Brathen (2015) found how
feeder operators at ports receive late information about arrival time of
ocean-vessel in the Baltic region. The late information affects feeder
operators planning of the resources to serve the vessels. The authors also
presented evidence about how current information sharing practices are
insufficient to support voyage planning for economical sailing speed
related to JIT implementation (Schgyn and Brathen, 2015).

Information about the availability of tugboats and pilots are not accessible
to the direct users of these services, i.e., the shipping companies (Wang and
Vogt, 2019). However, the agent representing the shipping company must
access this information via phone from relevant actors. The use of manual
modalities like telephone and e-mails for information sharing is common
in maritime transports, affecting the accessibility of information
negatively, and creating uncertainty (Reis, 2019; Gumuskaya et al., 2020).
Information systems as a modality to share information is also common,
however, the connectivity of different actors’ information systems is still
not matured enough. Subsequently, the information either don’t reach, or
get delayed, impacting the planning processes of actors negatively
(Gumuskaya et al., 2020). The insufficient information systems were
evident in detecting and recovering from disruptions in intermodal freight
transportation (Wide et al., 2021). Lastly, evidence related to incomplete
cargo-information that is needed by actors for planning purposes is also
available in the literature (van Der Horst and De Langen, 2008; OECD,
2018; Reis, 2019).

2.2.3 Port Community Systems

Information sharing and information quality are positively influenced by
the development of information systems and information and
communication technology (ICT) (Elbert et al., 2017; Nikghadam et al.,
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2022). One example of these technologies is the Port Community System
(PCS), which is studied in this thesis.

A PCS is defined as a dedicated maritime ICT application developed to
enhance the coordination between port actors within a specific maritime
transportation process (Carlan et al., 2016). Examples of application areas
are logistics, customs, navigation, hazardous goods, or specific business
process such as port calls (Helig and VoB, 2017; Tasamboulas et al., 2012;
Carlan et al., 2016; Di Vaio and Varriale, 2020). The core aim of PCS is to
facilitate paperless procedures and information sharing between public
and private actors, involved in port processes (Simoni et al., 2022; Helig
and VoB, 2017). OECD (2018) highlights the importance of providing these
types of applications that include public and private actors to enhance the
efficiency of port processes.

A variety of different benefits associated with the use of PCS are listed in
the literature: accessibility of information to relevant actors, reduced
transportation and administrative costs, higher operational efficiency of
transportation operations, and improved customer service (Tasmoulas et
al., 2012; Carlan et al., 2016). Some studies deploy a quantitative approach
to estimate the value of PCS. Irannezhad et al. (2017) simulate a baseline
scenario with no PCS, compared with an information-rich scenario
facilitated by the PCS. The simulation revealed that coordinated decisions
for shipment bundling facilitated by the PCS reduce the total costs for
shipping lines in Australia. Aydogdy and Aksoy (2015) conducted a
simulation study to quantify the value of PCS on the administrative
processes in Turkish ports during arrival, berthing, and departure of
vessels. Their simulation revealed that the average document procedure
per vessel can be reduced by 2.75 h using the PCS. Complementary to the
simulation studies, case-studies also show reduction in delays,
improvement of inter-organizational relationships, and an overall
improved port performance by the utilization of PCS in port calls (Di Vaio
and Varriale, 2020). PCS-enabled information sharing streamlines the
transition and compliance towards new constraining policies like the
Verified Gross Mass to enhance port safety (Fedi et al., 2019).

Another stream of literature focuses on the facilitating conditions of the
successful implementation and use of PCS. Internal and external
integration of different actors’ information system is considered as an
important prerequisite to achieve the value of PCS (Jiang et al., 2021).
Commitment and interaction among involved actors are also considered as
an important facilitator for successful implementation and use. However,
one challenge is that as the scale of benefits of PCS to different actors varies,
it may be difficult to make all actors commit, especially those who don’t
gain much benefit from utilizing the PCS (Gustafsson, 2007; Srour et al.,
2007). Socio-technical factors, like training actors to utilize the PCS,
willingness to change, leadership, quality of information and analytical
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methods to support decision making were also found important for
implementation and utilization of PCS (Vairetti et al., 2019).

2.3 Research Questions

The implementation of JIT arrival is motivated by its potential to increase
fuel efficiency in maritime transportation. Accurate estimates of the fuel
efficiency potential of JIT arrival are necessary to better understand the
contribution of JIT arrival to achieve the environmental targets initiated by
policy makers and regulatory organizations (IMO, 2020; EPA, 2021). In the
existing literature, the estimated potential of JIT arrival is promising,
ranging between 2-20% in fuel and emissions savings (Jia et al., 2017;
Johnson and Styhre, 2015). However, recent empirical evidence has
revealed a risk about overestimations in the potential of JIT arrival
regarding fuel efficiency due to optimistic assumptions in these estimates
(Adland et al. 2020; Berthelsen and Nielsen, 2021).

The used assumptions to estimate the fuel efficiency potential of JIT arrival
are related to the technical and the operational characteristics of voyages.
In this thesis, the technical characteristics refer to the speed-power curves
used to estimate the potential of JIT arrival, e.g., cubic, quadratic, or speed-
dependent (Jia et al., 2017; Andersson and Ivehammar, 2017; Adland et al.,
2020). In some of the earlier studies, the cubic law is used to estimate the
potential of JIT arrival (Corbett et al., 2009; Jing et al., 2021; Jafarzadeh
and Schelberg, 2018; Jia et al. 2017; IMO, 2020). The cubic law is known
to hold true at speed intervals close to the design speed of vessels (Norstad
et al., 2011). However, many factors such as the actual sailing speed of
vessels and weather conditions affects the validity of using this law, i.e.,
whether it holds true in practical settings or not (Yan et al., 2021; Psaraftis
and Kontovas, 2013). Therefore, studies in which the cubic law is used
without consideration of the actual sailing speed of the sampled voyages
risk systematically overestimating the effect of JIT arrival on fuel efficiency
(Adland et al., 2020; Taskar and Andersen, 2020). The reason for this is
that the cubic does not hold true if the sailing speed of sampled vessels
deviates from the design speed, leading to significant error in the estimated
effect of JIT arrival (Berthelsen and Nielsen, 2021).

The operational characteristics in this thesis refer to the time at which
speed reduction can commence during the voyage. In some studies, the
speed reduction is assumed to be viable during the whole voyage (Jia et al.,
2017). In practice, this assumption is unrealistic, leading to the effect of JIT
arrival to be overestimated (Fuentes and Adland, 2023). Realistic
scenarios, about the time at which the speed reduction associated with JIT
arrival can commence is important to obtain more accurate and realistic
estimates of the potential.
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Therefore, it is necessary to combine the technical and the operational
characteristics of voyages when estimating the potential of JIT arrival. The
simultaneous consideration of these characteristics can potentially
overcome some of the optimistic assumptions in the literature that cause
the potential to be overestimated. Overcoming these assumptions leads to
more accurate estimates of the potential of JIT arrival. In turn, the
improved accuracy of the potential is crucial for shipping companies,
charterers, and policy makers who consider the implementation of JIT
arrival to reduce emissions (IMO, 2020; Berthelsen and Nielsen, 2021).

Moreover, most of the current literature associated with the potential of
JIT arrival focuses only on the fuel efficiency aspects of JIT arrival. Hence,
there is a need to broaden the scope and address whether the
implementation of JIT arrival can contribute to additional types of benefits
apart from fuel efficiency. For example, exploring the potential of JIT
arrival regarding the actors at the land-side is necessary for its
implementation. Research question one (RQ-1) is therefore:

¢ RQ-1: What is the potential of Just-in-Time arrival in the
port call process?

Besides exploring the question of “what” is expected from JIT arrival in
terms of potential, the “how” behind coordinating the port call actors and
their planning processes to enable them to realize the potential of JIT
arrival is also explored. The implementation of JIT arrival requires the
transition from FCFS to PBP (Kontovas and Psaraftis, 2011; Gibbs et al.,
2014). Most of the existing literature about FCFS and alternative berth
allocation policies is modelling-oriented. Several studies model a baseline
scenario in which FCFS is used, which is later compared to alternative berth
allocation policies proposed in these studies. The potential of these policy
is related to reduction of delays in ports, improved resource utilization, and
improved fuel efficiency during the voyages. However, studies about real-
world implementation and tests of these policies remains scarce in the
literature. The need of the PBP as a coordination mechanism to enable JIT
arrival is underlined in the literature. This is because the PBP allows the
arriving vessel to reserve the berth in advance and adjust the sailing speed
accordingly. This also entails that the risk of the berth taken by another
vessel is minimized. As a result, understanding the different activities and
decisions in the implementation process undertaken by port authorities to
implement the PBP is crucial for the implementation of JIT arrival. To the
best of the author’s knowledge, FCFS remains the predominant policy, and
the literature regarding the implementation of alternative berth allocation
policies is scarce. Especially regarding those policies that are associated
with JIT arrival such as the PBP.

Beside the implementation process of the PBP, the coordination among
port call actors to implement JIT arrival requires further research. More
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specifically, the interaction between the PBP as a coordination mechanism,
with other coordination mechanisms such as PCS and planning is
important to address how actors can be coordinated to realize the
potentials of implementing JIT arrival. The interaction between the
coordination mechanisms, in which specific rules for information sharing
and planning must be explored to enable the implementation of JIT arrival.
Thus, the aim in this research question is exploring how coordination
mechanisms can be used to coordinate port call actors in the
implementation of JIT arrival. Research question two (RQ-2) is therefore:

¢ RQ-2: How can port authorities facilitate the

implementation of Just-in-Time arrival in the port call
process?
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3. RESEARCH METHODOLOGY

In this chapter, the methodological choices are presented and justified to allow
the reader to assess the quality of the research. The research approach is first
presented, followed by an overview of the research process for the studies and
their related papers appended to the thesis. The data collection methods used
in the two studies are also presented here. Finally, the quality of the research
is discussed.

3.1 Research approach

Schwarz and Stensaker (2014) distinguish between Theory Driven Research
(TDR) and Phenomena Driven Research (PDR). They emphasize that
knowledge creation in the TDR approach contributes to specific theory. Whereas
the PDR approach is driven by real-world organizational problems. In the PDR
approach, the aim is to identify, capture, document and conceptualize a
phenomenon of interest to create knowledge within a specific field (Schwarz and
Stensaker, 2014).

The research in this thesis follows the PDR approach, and the phenomenon that
is studied is the PBP, information sharing and the planning that is required to
enable an efficient coordination to obtain the potential of implementing JIT
arrival in port calls in the Swedish context.

The focus on this phenomenon is driven by its relevance to the maritime
industry (IMO, 2020; EPA, 2021; SMA, 2019). The importance of relevance in
logistics and transportation research is underlined by Lambert (2019) and
Svanberg (2020). The relevance motivating the choice of the studied
phenomenon is derived from a variety of national and international bodies
highlighting the potential of JIT arrival in maritime transportation. The Marine
Environment Protection Committee (MEPC. 78, 2022) considers JIT arrival as
an important measure for emissions reduction. The IMO (2020) published a
specific report highlighting the potential of JIT arrival, and addressing some
barriers related to its implementation. The United States Environmental
Protection Agency (EPA, 2021) published a report highlighting the promising
potential of JIT arrival. Moreover, The Baltic and International Maritime
Council (BIMCO) developed contractual clauses such as JIT-clause, Virtual
Arrival, and Sea Traffic Management. These clauses assist practitioners in the
implementation of JIT arrival, as practitioners can incorporate them in their
charterparties.
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The examples mentioned above acknowledge the interest from public
authorities to implement JIT arrival in practice to reduce emissions. In turn, the
interest from these authorities and the potential of JIT to reduce emissions
motivates the reason to conduct research about JIT arrival. Despite the interest
of public authorities, the implementation of JIT arrival in practice remains
limited (EPA, 2021). According to a recent Bloomberg news article, one shipping
company managed to implement JIT arrival in seven voyages out of hundreds
completed (Bloomberg, 2023). The gap between the interest of public
authorities, the promising potential of JIT arrival reported in the literature, and
the limited implementation motivates the need for more research about JIT
arrival in port calls. More specifically, research about the potential of JIT
arrival, and the coordination mechanisms associated with the implementation
of JIT arrival need to be explored. Exploring the potential and the coordination
mechanisms associated with JIT arrival can potentially contribute to
organizations involved in port calls to implement JIT arrival. Or at least to better
understand the reasoning behind why the implementation rate of JIT arrival
remains limited despite the promising potential.

There are different methodological approaches, which are common in logistics
research, among the most common and used are the analytical approach, the
actors’ approach, and the system approach (Gammelgaard, 2004).

The analytical approach is related to the positivist research tradition in which
patterns and causal relations are investigated during the research. In this
approach, the researchers stay outside the research object and refrain from
interacting with it to avoid having an influence on the studied object. In the
actors’ approach, the importance of contextual considerations on how logistics
is perceived in organizations are addressed (Gammelgaard, 2004). In the system
approach, the aim is to understand the world as a system with parts, links, goals,
and feedback mechanisms. The systems approach assists researchers in
providing objective and illustrative descriptions of their studied systems
(Nilsson and Gammelgaard, 2012). Gammelgaard (2023) discussed the
importance of elaborating on the boundaries and the actors included in the
studied systems.

The methodological approach that the work in this thesis is based on is the
system approach. The system approach is suitable as it allows for studying the
interaction between different mechanisms and actors that are necessary to
enable efficient coordination to realize the potential of JIT arrival. The studied
system was presented earlier in Figure 1.

Research can also be based on inductive, deductive, or abductive approaches
(Bryman et al., 2019). The inductive approach begins by observing a
phenomenon to inform theory. The deductive approach begins with theoretical
hypothesis to be confirmed or rejected by empirical data. The abductive
approach refers to combining the inductive and deductive approaches in an
iterative process to better explore the studied phenomenon (Kovacs and Spens,
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2005). This entails that the researcher goes back and forth between theory and
empirical data to enhance the understanding of the phenomenon (Dubois and
Gadde, 2002). This research is based on the abductive approach.

3.2 Research process

The research in this thesis started as a part of the research project
“Coordination and Information Sharing to Improve the Energy
Efficiency of Maritime Transports” (MODIG). The aim in MODIG is two-
folded: 1) Digitalized information sharing in maritime transportation and its
potential on energy efficient transportation, and 2) How business models and
policies can contribute to increased energy efficiency in transportation. MODIG
is funded by Fossil Free Freight (Triple F), i.e., research program dedicated for
research and solutions for fossil free freight transport sector, initiated by the
Swedish Transport Administration.

The research process of the work presented in this thesis started in October
2020, when the author enrolled as a PhD student. The research process
contained two studies — a quantitative study and a qualitative study.

The time-period for the quantitative study started in October 2020 and was
ended in January 2022 with a published paper (Paper I) in Maritime Transport
Research. The focus in the study corresponds to RQ-1, i.e., to estimate the
potential of JIT arrival regarding fuel and emissions savings. The study was
presented at the Swedish conference Transportforum (2021) and in a seminar
held by the Swedish Maritime Authority (SMA) in 2023.

The time-period for the qualitative study started in January 2021 and was ended
in May 2023. The focus in the study corresponds to both RQ-1 and RQ-2 and
resulted in the writing of Paper II and Paper III. In Paper II, the focus was on
utilizing the PCS to coordinate port calls, and how the utilization is influenced
by different factors. Moreover, the potential of improved planning and resource
utilization associated with the utilization of information in the PCS was studied.
In Paper III, the focus was on the implementation process of the PBP that is
necessary to implement JIT arrival. Paper-II was presented at Swedish National
Transport Conference (2021) and NOFOMA (2022). Paper III was presented at
the Swedish National Transport Conference (2022) and in NOFOMA (2023).

The time-period for writing the Kappa of the thesis started in January 2023 and
submitted for examination by June 2023.

In Figure 4, the research process and the relationships between RQs, studies,
and papers are presented.
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3.3 Research design

The research design of this thesis is structured in three sections. In the first
section, the literature review process is presented. The purpose, type of the
literature review, and the used keywords and databases to conduct the review
are presented. In the second section, the methodology and the data related to
the first study is presented. In the third and last section, the methodology for
the second study is presented. Case selection strategies and data collection
methods are presented and explained.

3.3.1. Literature review process

An exploratory literature review was conducted (Arksey and O’Malley, 2005).
The reason for choosing an exploratory review process is that as the researcher
becomes more familiar with the literature, the more adjustments to the search
terms are needed. As a result, the conducted review process is not linear, but
instead is iterative, requiring the researcher to adjust the search terms
frequently. This adjustment and flexibility in search are restricted in systematic
review as it relies on defined search strategy.

The purpose of the literature review is important to specify (Seuring and Miiller,
2008). In this thesis, the purpose of the review is to synthesize the current state
of knowledge related to barriers and coordination mechanisms associated with
JIT arrival in maritime transportation. Some of the review process aimed at
creating conceptual models that are used to analyze the empirical data. The key
topics that were reviewed were related to the RQs of the thesis, and include the
following:

e Studies on the fuel and emissions savings potential of JIT arrival
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e Studies within the “berth allocation problem” domain that are related to
JIT. One example is studies that integrates the berth allocation problem
with speed optimization problems.

¢ Coordination and information sharing studies. Both, within the maritime
transportation field and the logistics field in general.

¢ Studies related to the implementation of JIT arrival in real-world settings.

To cover these topics, the exploratory search process was conducted using
mainly Google Scholar. Some of the searched keywords were: “port call process”,
“Just-in-Time arrival”, “port call optimization” “information sharing in
maritime transportation”, “information sharing” “freight transportation” “port
call coordination”, “port community systems”, “first-come-first-served”, “virtual
arrival”, “berth allocation policy”. The search strategy also considered potential
synonyms for the searched keywords. For instance, searching for “vessel arrival
process” instead of “port call process”, “cargo” instead of “freight”, or
“transport” instead of “transportation”. The snowballing technique was also
used to find relevant literature (Wohlin, 2014).

During the iterative search process, the author identified specific journals where
research related to JIT arrival in maritime transportation is published. These
journals were Maritime Economics and Logistics, Maritime Transport Research,
and Transportation Research (mainly Part E and Part D) journals. These
journals were frequently revisited for new publications associated with JIT
arrival. The author also identified specific researchers and research groups who
published within the area of JIT arrival in maritime transportation. The profiles
of those authors in Google Scholar were frequently visited to check for new
publications.

The review process was not limited to scientific, peer-reviewed articles. White
(2014) emphasized on the importance of including and synthesizing the
technical press and grey literature. By doing so, the wider experience of a
particular transport sector is considered (White, 2014). In this thesis, the grey
literature associated with the JIT arrival phenomenon in maritime
transportation is reviewed to consider the perspective of other actors than
academics, e.g., practitioners, and public authorities. Svanberg (2020)
expressed similar argument while elaborating on the relevance in logistics
research. The inclusion of grey literature contributes to identifying timely and
relevant problems by complementing the scientific literature (Svanberg, 2020).
Therefore, the grey literature related to JIT arrival in maritime transportation is
purposefully included in the review process.

3.3.2 Study-1: Quantitative modelling

The intended outcome of this study is related to RQ-1, i.e., related to the
potential JIT arrival in port calls:
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e What is the potential of Just-in-Time arrival in the port call
process?

More specifically, in this study, the focus is on estimating the fuel and emissions
savings associated with the implementation of JIT arrival. Quantitative
modelling approaches, AIS data, and the specific modelling approach to
estimate the fuel and emission savings JIT arrival are presented in this section.

In research based on the quantitative modelling approach, the aim is to create
rational knowledge (Meredith et al., 1998). Quantitative modelling can be
classified into axiomatic and empirical modelling (Bertrand and Fransoo,
2002). In axiomatic research, the aim is to obtain solutions for a defined model
and assure that these solutions are related to the structure of the problem as
defined in the model. Additional aim in this approach is to create knowledge
about the behavior of a specific variable in the model, based on assumptions
about the behavior of other variables. The axiomatic research can be normative
or descriptive (Bertrand and Fransoo, 2002).

In empirical modelling research, the aim is to ensure model fit between
observations and actions, and the model made of that reality. Like the axiomatic
research, empirical modelling can be descriptive or normative. In descriptive
empirical modelling, the researchers aim to create a model that adequately
describes the casual relationships that may exists. By doing so, better
understanding of the modelled process is obtained. Whereas in normative
empirical modelling research, the aim of the researchers is to develop policies,
strategies, and actions to improve the current situations (Bertrand and Fransoo,
2002).

Based on the approaches mentioned above, study-1 is positioned within the
descriptive empirical modelling approach. The relationship that is modelled is
how the sailing speed of vessels affects fuel consumption, which in turn affects
the fuel and emissions savings resulting from JIT arrival.

Automatic Identification System (AILS)

The AIS was originally designed to avoid vessel collisions by sharing vessel
information to the surrounding vessels (Yan et al., 2020). The AIS includes the
following types of data: dynamic (type 1-3 messages) and static and semi-static
(type 5 messages). The different data types, and the description of the data are
summarized in Table 2 (Svanberg et al. 2019; Yang et al., 2019).

Table 2. Description of the AIS data (Svanberg et al., 2019; Yang et al., 2019).

AIS message Field name Description
type
Type 1-3 MMSI Identification number
Navigation status Indicate if the ship is at anchor, moored,
or underway
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Rate of Turn How fast the ship is turning

Speed over Ground Speed of ships over ground in knots

Position Accuracy Accuracy of position

Longitude Longitude in decimal degrees

Latitude Latitude in decimal degrees

Course over Ground Course over ground in degrees

True heading Heading of ship in degree

Timestamp Seconds of UTC minutes

Maneuver indicator Special maneuver (yes, no, unavailable)
Type 5 MMSI Identification number

IMO number Identification number of ship

Call sign Ship radio call sign

Vessel name Name of vessel

Vessel type Container, tanker

Dimension to bow Distance from antenna position to bow

Dimension to Stern Same as above but to stern

Dimension to Port Same as above but to port

Dimension to Starboard | Same as above but to starboard

Position fix type Positioning system being used

ETA Estimated time of arrival at destination

Draught Current draught of the ship

Destination Name of destination

The use of AIS is applied to different research areas. Svanberg et al. (2019) listed
collisions, emissions, monitoring, noise, fishing and logistics and transport
economy as research areas where AIS is used. Yang et al. (2019) discussed
navigational safety, environmental analyses, and vessel and port performance
as AIS application areas for research. In this thesis, the AIS data is mainly used
to estimate fuel and emissions savings from vessels during port calls. This is a
common use of AIS data, as the data enables the movement of vessels to be
analyzed. For example, instances of vessels delay at anchorage can be identified
through the AIS. This would also lead to the possibility to estimate the potential
of fuel efficiency if these delays were eliminated by adjusting the speed during
the voyage (Yan et al., 2020; Jia et al., 2017).

Identifying instances of anchorage is essential to estimate the fuel and emission
savings associated with the implementation of JIT arrival. To do so, vessel-
specific position data derived from the AIS was used to determine the vessels
that were delayed at anchorage, and the duration of these delays. The AIS data
used in study-1 covered all vessels calling Swedish ports during 2019, and is
filtered for tankers, dry bulkers, and general cargo. The filtration is due to JIT
arrival being more relevant to the tramp segment compared to the liner segment
which sails normally on pre-defined schedules. The AIS data was combined with
port call statistics provided by the SMA. Combining the two data sets provide
more validity in that the sampled vessel did not only wait at anchorage, but also
proceeded to the port. This reduces the possibility of including anchorage
instances referred to as “in transfer” in the analysis, i.e., vessels that are at
anchorage, but do not call the port.
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By identifying the vessels that were delayed during 2019, a “pseudo speed” can
be calculated in which the vessels reduce their sailing speed to avoid or reduce
delays at anchorage. Reducing the sailing speed results in fuel and emissions
savings. The methodology from the IMO’s fourth GHG study, fuel consumption
functions, and vessel-specific data are used to determine the fuel savings
obtained by the “pseudo speed” of JIT arrival. The fuel savings were converted
using emission factors (EF) specified by the IMO to estimate the CO--emissions
savings.

3.3.3 Study-2: Qualitative case study

The intended outcome of this study is related to both RQ-1 and RQ-2, where the
aim is to explore how actors can be coordinated to implement JIT arrival in port
calls. The potential of JIT arrival, focusing on aspects related to actors’ resource
planning and utilization was also explored in this study.

¢ RQ-2: How can port authorities facilitate the
implementation of Just-in-Time arrival in the port call
process?

A case-study approach was used in the second study. Several justifications
behind the choice of using case studies as a research approach are listed in the
literature. For example, the case-study approach is justified for gaps in existing
literature, theory building, and explanatory research (Barratt et al., 2011;
Meredith, 1998; Benbasat et al., 1987). The case approach is also suitable to
investigate phenomena that are poorly understood (Eisenhardt, 1989).
Moreover, case studies are suitable to explore and understand emerging
phenomena in their real-world settings (Barratt et al., 2011). The empirical
literature about the required coordination mechanisms to enable the
implementation of JIT arrival in the context of port calls is limited. As little is
known about the phenomenon, the choice of the case approach is justified.
Moreover, case studies have the capability of explaining complex connections
between phenomena and their context (Dubios and Gadde, 2002). For this
thesis, the case approach is suitable to understand the interaction between the
studied coordination mechanisms, and how these mechanisms interact for the
implementation of JIT arrival in the context of port calls.

Case selection and description

Purposeful case selection entails that cases can be selected from the perspective
of the research purpose (Dubois and Araujo, 2007). Purposeful case sampling is
used in this research. As part of the purpose is related to the implementation of
JIT arrival, case-selection was constrained to ports that are working with the JIT
arrival phenomenon. In the Swedish context, the Port of Gavle (PoG) is one of
the first Swedish public ports that implemented a PBP and a PCS to coordinate
actors in port calls. PoG is located on the Swedish east coast, about 200
kilometers north of Stockholm. The annual number of port calls is approximated
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to 1 000, from the container and the bulk sector. For container transportation,
PoG is considered as the largest container port on the Swedish east coast. For
bulk transportation, various bulk products for the wood, steel, and aviation
industries are handled in the port. For example, large quantities of the liquid
products such as jet fuel that are supplied to aviation companies in Stockholm’s
airport Arlanda is distributed from PoG.

The PBP and the PCS are both relevant mechanisms to coordinate the
implementation of JIT arrival in port calls. For this reason, the PoG was selected
due to its relevance to the purpose and RQs of the thesis. These mechanisms also
motivated the choice of a single case approach. Most ports still coordinate port
calls based on FCFS berth allocation policy (Cho et al., 2022). Hence, an
implemented PBP represents an unusual and extreme case. Here, it is important
to mention that the PBP is implemented for vessels that are specifically calling
the energy-product berth only, and not all PoG’s berths. As the literature review
revealed, PCS designed specifically to coordinate actors in port calls is under-
explored. The PCS studies in the literature focus on potential benefits that can
be realized by utilizing PCS. However, seldom is the focus of PCS utilization to
realize its potential benefits while focusing on a specific business process like
port calls. Empirical studies connecting PCS benefits with specific processes are
limited. This makes the single case approach reasonable to choose, as it allows
the researcher to capture detailed insights about how the PCS is connected to
the benefits of the implementation of JIT (Barratt et al., 2011; Voss et al., 2002).

Data collection methods

A key feature of case studies is offering the opportunity to adopt and match
different data collection methods, allowing for better understanding of the
studied phenomena. The multiple data collection methods are important in the
field of management, e.g., specific managerial process that are difficult to
investigates, which is the case in this thesis as port calls are managerial process
(Runfola et al., 2017). Examples of these methods are interviews, observations,
written reports, published sources, artefacts, and visual methods (Barratt et al.,
2011). The data collection methods and analysis for the two papers included in
this study are presented separately below.

The empirical data for this study was collected through interviews, observations,
and document reviews. In total, 24 semi-structured interviews were conducted
during the study period. These interviews were conducted with the following
actors: managers representing the port authority, tug-boat operators and VTS,
managers from shipping and chartering companies, pilots, agents, and terminal
operators. The interview questions are provided in Appendix 2.

13 observations (participatory and non-participatory) were conducted. Three of
these were in workshops initiated by PoG. Two were related to risk identification
and mitigation workshops, while the third is when PoG presented the PBP to the
port call actors. The actors that participated in these workshops were agents,
shipping and chartering companies, pilots, port authority staff, and terminal
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operators. Eight follow-up meetings between the port authority, and the
shipping and chartering company related to the implementation of the PBP were
also observed. All these observations were participatory. For the non-
participatory, two presentations about the PCS and the PBP held by the
managers of PoG to other actors were observed.

10 documents were reviewed to collect data from. These documents included an
implementation plan of the PBP. Two reports about risk identification and
mitigation associated with the PBP. An instruction document to guide users
about how they can book the berths and conduct other formalities associated
with port calls. A document which summarized the feedback and the perception
of different actors that participated in a large workshop in which the PBP was
presented to them. This document included for example different actors’
preferences about when at the latest they should be able to book berth. One
report in which the potential of implementing JIT in PoG is modelled based on
historical data. Three presentations related to the policy, including its aim and
purpose. Lastly, one document describing the PCS and the information that is
shared through it is also included.

In Table 3 below, a summary of the collected data between 2020-2022 is
provided.

Table 3. Overview of the collected data for study-2.

Data collection Comments
method
Interviews 24 semi-structured interviews were conducted with

actors representing the port, shipping companies,
chartering companies, terminal operators, agents,
and pilots.

Observations 13 participatory and non-participatory observations
were conducted. The observations were conducted
during large workshops, internal meetings, and
presentations conducted by the PoG.

Document reviews 10 documents related to the pre-booking policy and
the PCS were reviewed.

3.4 Research quality

The trustworthiness of this thesis is discussed here. For the qualitative study,
the concepts of credibility, transferability, dependability, and confirmability
were used to facilitate trustworthiness (Halldorsson and Aastrup, 2003). These
concepts were recommended to use for qualitative methods in logistics research,
which is the case for study-2 in the thesis.
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Credibility refers to viewing the reality as a subjective construct and is about the
fit between the respondents’ perception of reality, and how the researcher
perceives this reality (Halldérsson and Aastrup, 2003). The transcripts and
notes from the interviews contributed to the credibility of the research
conducted in this thesis. They allowed the researcher to identify instances where
the interview data is not fully understood to allow the researcher to build a
perception of the respondents’ reality. These instances were later clarified
through phone calls or during participatory observations, which allowed the
researcher to ask follow-up questions to the respondents to clarify their answers.
The use of multiple data collection methods also contributed to the credibility.
Triangulation refers to using multiple data sources to confirm the data or find
rival explanations in the data. The case study data was triangulated by using data
from interviews, observations, and documents (Barratt et al., 2011). Confirmed
data contribute to matching the researcher’s perception of reality of the
respondents, whereas rival explanations allow the researcher to ask follow-up
questions to the respondents to clarify their answers.

Transferability describes the applicability of findings beyond the specific context
examined in the thesis. In this thesis, the aim is to reach contextual
generalizability, which is ensured through rich descriptions and rich data about
the case study context. This allows the reader to understand to what extent the
case was representative with regards to similar organizations (Halldérsson and
Aasturp, 2003; Gibbert and Ruigrok, 2010). The characteristics of the PoG,
together with the actor constellation, and the coordination mechanisms used in
the port call process are described. Rationales behind the case selection are also
important for the transferability (Gibbert and Ruigrok, 2010). The PoG was
selected due to two reasons that are aligned with the purpose of this thesis.
These reasons are the development of PCS for information sharing within port
calls, and the implementation of pre-booking berth allocation policy that allow
for the possibility to implement JIT arrival in port calls. Providing this
information can potentially improve the transferability of the findings to other
ports and maritime actors. During the research, meetings with the Port of
Gothenburg were held. The meetings revealed that the Port of Gothenburg had
a similar view regarding the importance of PCS to implement berth allocation
policies that allow for JIT arrival. This is important for the relevance of the
study, as the Port of Gothenburg is the largest port in Sweden. The analytical
framework about information deficiency and information utilization, which is
constructed by theories, provide a conceptual argument to shape the readers
thinking (Siggelkow, 2007). This framework is transferable and can be used by
actors in maritime transportation.

Dependability refers to the possibility of replicating the results and its findings.
One mean to ensure dependability is through the traceability of methodological
decisions. The traceability in this thesis is ensured by documenting the research
process and the data collection methods. The interview guide is attached in
Appendix 2, and the selected actors for interviews are described. The content of
the reviewed documents, and the type of observations conducted are also
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described. The reader is also informed about the data analysis approaches used
to analyze the case study data. A case study database was created to retain the
notes, transcripts, and all the reviewed documents. These aspects are important
to ensure research dependability.

Confirmability refers to how the data is interpreted by the researcher to
maintain objectivity. This was ensured by comparing the data and the findings
with the literature. Paper I was presented to the SMA, paper II was presented in
two conferences, whereas paper I1I was frequently discussed with representative
from the PoG and the Port of Gothenburg. These discussions help to reduce the
biases of the author and maintain the objectivity of the research.

Regarding the quantitative study, the use of AIS data to analyze vessel
movements and to estimate fuel consumption and emissions is well established
in the literature. The combination of using the AIS data with port call statistics
adds to the quality of the study. This is because doing so removes vessels that
have anchored but not procced to Swedish ports from the analysis, which is
important to obtain accurate estimates. Experts from the SMA were consulted
to address reasonable operational assumptions about the timing when speed
reduction can commence. This is relevant to ensure that the used assumption
do not overestimate the potential. The vessel-specific data is obtained from IHS
Markit which is considered as a reliable data source.
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4. SUMMARY OF APPENDED
PAPERS

In this chapter, a summary for each appended paper and its contribution to
the thesis is provided.

Paper I: Port call optimization and CO,-emissions savings
— Estimating feasible potential in tramp shipping

Speed reduction measures hold a promising potential to reduce emissions from
maritime transportation. Virtual Arrival (VA)?, which is an agreement to reduce
the sailing speed of vessels given a known delay at the destination port, is
considered a win-win for shipping companies, charterers, and operators in the
port. However, in recent studies, the potential of VA for fuel and €0, emissions
savings is questioned and discussed as overestimated. This overestimation is
due to technical and operational assumptions used in the previous studies
modelling the potential of speed reduction measures like VA. The cubic law is
commonly used in the modelling of the effect of speed reduction measures in the
previous studies. However, it is only valid for vessels sailing close to the design
speed. Several studies rely on the cubic law to estimate the potential of speed
reduction, assuming that the cubic law holds true regardless of the operational
sailing speed of sampled vessels. As a result, these studies risk to systematically
overestimate the effect of speed reduction measures like VA. In addition, the
detection of delays associated with VA is in some studies assumed to be captured
during an early stage of the voyage, making speed reduction viable for almost
the entire voyage. Though, in practice, this is highly unlikely. Thus, it is
important to consider more practical and realistic scenarios when the speed
reduction commence during the voyage. This would enable more accurate
estimates of speed reduction potential in terms of fuel and €0, emission savings.

The purpose of this paper is to estimate the potential of VA for fuel efficiency
and €O, emissions savings while considering technical and operational voyage
characteristics simultaneously. Two modelling approaches were used to
estimate the potential of VA for the tramp segment calling Swedish ports during
2019. In the first approach, the fuel and emissions savings potential of VA are
estimated based on the cubic law. Whereas in the second approach, the potential
is estimated based on speed-dependent elasticities. The speed-dependent
elasticities mean that the speed-power relationship varies based on the actual
sailing speed of the vessels. In both approaches, three sets of data are used. The
AIS data is used to identify instances of delays at anchorage, and the length of
these delays. Port call statistics are used to verify that the anchorage instances

2 Virtual Arrival in this paper was used as a synonym for Just-in-Time arrival.
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in the sampled voyages proceeded to call Swedish ports. IHS Markit data about
vessel-specifications, e.g., vessel’s design speed and fuel type, is used to calculate
fuel consumption.

The findings of the study revealed that among the 19 000 vessels that called
Swedish ports in 2019, 3023 vessels experienced delays at anchorage. The
median delay at anchorage for each vessel is around 13 h. The average sailing
speed of the sampled vessels 12 h before arriving to the port is 10.33 knot, which
is lower compared to the average design speed of sampled vessels, i.e., 13 knot.
The estimated potential of fuel and €O, emissions savings differs significantly
based on which modelling approach is used. As the actual sailing speeds of the
sampled vessels are lower compared to the design speed, the speed-dependent
elasticity approach yielded significantly lower potential effect regarding fuel and
emissions savings compared to the cubic law. The time at which speed reduction
can commence also affects the fuel and €O, emissions savings potential.

The findings of the study revealed that for the 15% (the 3023 vessels) of the
sampled vessels with delays at anchorage, only 60% would benefit of VA if the
speed-dependent approach is used. In Table 4, the findings are summarized.
The fuel and €O, emissions savings are presented in tonnes for the vessels that
would benefit of JIT arrival, and the share of fuel savings in relation to fuel
consumption during the entire voyage is also presented. The findings are
presented for varying technical and operational assumptions. The technical
assumptions mean if the cubic law or speed-dependent elasticities are used.
Whereas the operational assumptions refer to the time at which speed reduction
commence.

Table 4. Total fuel, Co,, and share of fuel savings for entire voyage under different
technical and operational measures.

Operational 12h 8 hspeed | 4 hspeed
speed reduction | reduction
Technical® reduction
Fuel savings Cubic law 6940 4 564 2363
in tonnes Speed 1962 1312 666
dependent
elasticity
CO0, savings Cubic law 21 505 14 143 7 324
in tonnes Speed 6 076 4 061 2 052
dependent
elasticity
Cubic law 15.31% 9.89% 5.12%

3 Note that the technical assumptions here are the cubic law and the speed-dependent elasticities. The raws where
“savings” are mentioned is not related to the technical assumptions but underline the type of savings.
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Share of fuel Speed 4.68% 3.27% 1.65%
savings for dependent
entire elasticity
voyage

Contribution to thesis:

The contribution of the study is modelling more accurate estimates of the fuel
and €O, emissions savings obtained by the implementation of JIT arrival. The
study underlines that in those market circumstances when low sailing speed of
vessels are deployed compared to their design speed, the fuel and C0O, emissions
savings of JIT arrival is significantly lower compared to what is reported
previously. The findings have an important policy implication regarding the
potential of JIT arrival as a measure to reduce CO, emissions and achieve
environmental targets.

Paper |l: Facilitating conditions for PCS-enabled
information sharing to coordinate port calls: individual,
technological, and organizational factors

The port call process entails the planning, coordination, and execution of all the
services required by vessels to enter the port, access the berth, and depart from
the port. Due to the involvement of several actors providing interdependent
services, efficient planning and coordination among the actors is necessary to
enable a more efficient port call process. However, empirical evidence on
coordination problems e.g., delays, due to pilotage, towage, or insufficient
coordination of arriving vessels, urges the need for mechanisms to better
coordinate the process. Port Community Systems (PCS) hold a promising
potential as a coordination mechanism to coordinate the port call process.
However, the utilization of PCS to coordinate port calls is influenced by a variety
of individual, technological, and organizational (ITO) factors. Understanding
the influence of these factors is important to utilize PCS to coordinate the port
call process efficiently and prevent failed PCS projects as the case was in the
smartPORT project in Hamburg.

The purpose of this paper was to explore how the ITO factors influence the
utilization of PCS to coordinate the port call process. A single case study
approach based on 21 interviews, document review, observations, and a
literature review was conducted. The Port of Gavle (PoG) was chosen as a case
because of the implementation of a PCS to coordinate port calls by information
sharing. The focus of the study was the tanker segment, and the studied actor
constellation involved the port authority, shipping companies, oil and gas
companies, pilots, terminal operators, and load and discharge masters. The
analysis aimed at first describing the information that is shared through the
PCS. This was followed by addressing the information needs from the

43



Summary of appended papers

perspective of different port call actors to address whether the PCS satisfy their
needs to coordinate port calls or not. In those circumstances where the actors’
needs and demands on information are not met by the PCS, information
deficiencies occur. These deficiencies limit the actors’ utilization of the PCS to
coordinate port calls. The root cause of these deficiencies is discussed from the
perspective of ITO factors.

The findings reveal that despite the availability of the PCS among the studied
actor constellation, those actors still relied on using a combination of modalities
to access and share information. Especially manual modalities such as e-mails
and telephones were used. This was because many actors still suffered of
information deficiencies. The influence of the ITO factors to cause information
deficiency, and thereby limit the utilization of the PCS was evident in the study.
For example, pilots and mooring operators elaborated on their needs of the
Estimated Time of Completion (ETC) of cargo operations, but oil and gas
company prefer to keep this information in-house, instead of making it publicly
available in the PCS. Another example is that mooring operators lack the access
to information about the agents representing the arriving vessels. Even though
the PCS is connected to the Maritime Single Window (MSW) where agent-
information is available, agent-information remains unavailable in the PCS.

The identified deficiencies notwithstanding, the PCS has a potential to improve
information sharing among the actors. Improved information sharing is
important for the individual actors’ planning process. Thus, by identifying and
overcoming the deficiencies, the planning process of individual actors’ services
can be improved. Moreover, the PCS and the improved planning processes of
actors enable the transition from FCFS to PBP. In turn, the PBP is considered as
an important coordination mechanism to coordinate actors to implement JIT
arrival in ports.

Contribution to thesis:

The contribution of this paper is identifying information deficiencies from
different actors’ perspective in the port call process. Moreover, the root causes
of these information deficiencies were discussed from an ITO factor perspective.
These deficiencies negatively impact the utilization of the PCS, and drive actors
to rely on manual modalities to share or access information. As the
implementation of PBP depends on efficient utilizations of PCS, it is necessary
to overcome the identified information deficiencies for successful
implementation of JIT arrival.
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Paper lll: The Implementation of berth allocation policies
that align with IMO’s JIT strategy: Lessons from the Port

of Gavle

FCFS remains the predominant berth allocation policy used to coordinate the
arrival of vessels in ports. Although, fair and robust, FCFS has received criticism
lately. It is discussed that FCFS drives speed competition among arriving
vessels, which is inefficient in relation to fuel consumption and vessel-to-air
emissions. Evidence from the literature revealed that replacing FCFS with
alternative berth allocation policies such as pre-booking berth policy, or vessel
prioritization policy can improve overall efficiency of the port call process. For
example, the PBP would enable the implementation of JIT arrival, which is
considered as a promising measure for emissions reduction. However, most of
the literature takes a modelling perspective regarding the potential of these
policies, and there is little that is documented about the implementation process
of berth allocation policies in real-world settings. In this paper, the focus is on
the PBP of berths. Understanding the implementation process of this policy is
crucial to realize the potential of JIT arrival in ports calls.

The purpose of this paper is to explore the implementation process of the PBP
from the perspective of the port authority. A longitudinal single case study
approach was used at the PoG. The data was collected during 2020-2022 using
documents review, participatory observations, and interviews.

The findings revealed that the implementation process led by PoG included six
main activities: 1) Documentation and evaluation of current procedures in the
port call process, 2) Risk identification and mitigation, 3) Development of PCS
to coordinate the planning processes of different actors, which is important for
the implementation of JIT arrival, 4) Modifications of the byelaws and the
operating rules of the port, and 5) training programs and instructions for users
(shipping companies and agents) about the rules of the policy and how the PCS
can be used to book berths. 6) identification and measurement of performance
indicators related to the PBP. Each activity is described below.

The documentation and evaluation of current activities in the port call process
was an important first step. The intention of PoG was to become more
familiarized with the actors that are involved in port calls, and the different
activities for which these actors are responsible. A process map of the physical
structure of the port call process was created. Beside the map for the physical
structure, information sharing was also mapped, including the different
information systems used in the port call process. Analysis based on historical
data was conducted to quantify delays in the port as part of this activity. This
analysis allowed PoG to model the potential of fuel and emissions savings of JIT
arrival. This is important as the intention of the PBP was to enable the
implementation of JIT arrival in port calls at the PoG.
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Two risk identification and mitigation workshops were held during the
implementation process. The purpose of these workshops is to identify risks
associated with the implementation of the PBP. Mitigation strategies for the
identified risks were also discussed and documented in two reports. The actors
that participated in these workshops represented the PoG, shipping companies,
oil and gas companies, terminal-operators and managers, agents, and surveyors
as well as load/discharge masters. In total, four categories of risks emerged from
the workshops. These risks were: information risks, technical risks, operational
risks, and commercial risks.

Prior to the implementation of the PBP, the PoG developed a PCS to streamline
the information sharing among the actors in the port call process. However, to
implement the policy, the PCS was upgraded with an additional function. The
purpose of this function was to coordinate the specific information and planning
process of the actors that are relevant for the implementation of JIT arrival.

The PoG had to conduct regulatory modifications to enable the transition from
FCFS to the PBP. The first modification was in the port byelaw, where the
request to book berth before arrival became mandatory for all vessels calling the
port. Beside the byelaw adjustment, the operating rules of the port was modified.
An instruction document, describing the “hows” of requesting time-windows for
the berths was attached to the operating rules on the port’s webpage.

The PoG provided training programs to users (e.g., agents, shipping companies)
calling the port. The training programs aimed at clarifying the responsibilities
and commitment required by actors to share information and coordinate the
different planning processes to enable the implementation of JIT arrival. During
these programs, the usability of the PCS to request berths and share information
was also discussed.

The final activity included the identification of relevant performance indicators
that are related to the PBP. Identifying these indicators is important to measure
the potential benefits that are obtained by replacing FCFS with the PBP. The
data sources that are relevant to measure these indicators were also identified
and discussed. The discussion was mostly related to if one indicator can be
measured by different data sources, and which source has the data with higher
quality.

Contribution to thesis:

The previous literature has addressed the importance of PBP to enable the
implementation of JIT arrival. However, little is known about how the
implementation process of the PBP is conducted in an empirical setting. The
contribution of the study lies in describing and analyzing the activities and
challenges associated with the implementation process of PBP. Understanding
these aspects is crucial to port authorities aiming to replace FCFS with berth
allocation policies to support the implementation of JIT arrival for calling
vessels.
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5. FINDINGS

In this chapter, the research questions of this thesis are answered based on the
findings from the appended papers.

RQ-1: What is the potential of Just-in-Time arrival in the
port call process?

The identified potentials associated with the implementation of JIT arrival were:
Improved fuel efficiency for vessels, improved resource planning and utilization,
and increased port competitiveness. The different potentials are elaborated
below.

The improved fuel efficiency potential associated with JIT arrival is achieved as
vessels reduce the sailing speed during the voyage to avoid known delays at the
called port. This potential was estimated in Paper I for all types of tramp vessels
(tankers, dry-bulkers, and general-cargo) that called Swedish ports during 2019.

The findings from Paper I indicate that among the sampled vessels
(approximately 19 000 tramp vessels called Swedish ports in 2019), 15%
(approximately 3 000 vessels) had instances of delays at anchorage where JIT
arrival could possibly be implemented. The median delay for those vessels at
anchorage was around 13 h. Out of the sampled vessels, with delayed port calls,
60% would benefit from the fuel efficiency potential of JIT arrival. For those
vessels, the potential of JIT arrival ranges from 1-5% in fuel savings per voyage.
The range between 1-5% depends on whether the speed reduction to avoid the
delays commences four or 12 h before arrival to the port. The study in Paper I
which estimated the fuel efficiency potential shows that the number of vessels
that would benefit from JIT arrival is smaller compared to what is reported in
the literature. The findings also reveal that the fuel efficiency potential of JIT
arrival is smaller compared to potential estimates found in the literature (Jia et
al., 2017; PortXchange, 2020, Sung et al., 2022). The smaller fuel efficiency
potential of JIT arrival is in line with recent studies addressing the risks of
overestimating the potential of JIT arrival to reduce emissions (Adland et al.,
2020).

The small fuel efficiency potential of JIT arrival is explained by the slow sailing
speed that was observed in the sampled vessels in Paper I. The average observed
sailing speed of the sampled vessels was approximately 10 knots. Whereas the
average design speed of those vessels was approximately 13 knots. This indicates
that the operational sailing speed of the sampled vessels was significantly lower
than their design speed during 2019. The validity of the commonly used cubic
law to estimate the fuel efficiency potential of JIT arrival only holds true when
the vessels are sailing close to their design speed (Adland et al., 2020; Norstad
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et al., 2011). However, this is not the case for the sampled vessels. As a result,
the fuel and emissions savings potential were estimated based on speed-
dependent approach. In this approach, the influence of operational sailing
speed of the sampled vessels regarding the speed-power relation is considered.
The deviation from the design speed in the sampled voyages motivates the use
of the speed-dependent approach. When the speed-dependent approach is used,
the fuel and emission savings potential of JIT arrival is significantly smaller than
estimates based on the cubic law (See Table 4 in chapter 4). Using the speed-
dependent approach is more appropriate, since the shipping segments sails at
slower speeds than the design speed of the vessels. The use of the speed-
dependent approach leads potentially to more reliable estimates of the fuel
efficiency potential and reduces the risks of overestimating the potential of JIT
arrival in terms of fuel and emissions savings (Adland et al., 2020; Berthelsen
and Nielsen, 2021).

While the findings from Paper I reveal that the fuel efficiency potential of JIT
arrival is smaller compared to earlier studies, the same potential was the main
motive for all actors behind the implementation of the PBP to enable JIT arrival
in port calls studied in Paper IT and III. For PoG, the incentive to implement the
PBP that enables JIT arrival contributes to their emission abatement strategy.
This contribution of emission reduction is achieved within the port area, as
vessels are more likely to avoid delays at anchorage due to JIT arrival. Moreover,
the emissions that are saved due to speed reduction during voyage were also
important, even if they are not directly emitted within the port area. Similarly,
the manager of a shipping company emphasized that his company would make
significant savings in fuel and emissions by the speed reduction enabled by JIT
arrival. This was the key driver for the shipping company to participate closely
in the implementation process of the PBP which would enable JIT arrival. Here,
it is important to distinguish between the “system-level”, i.e., the findings from
Paper I, and “actor-level”. The small fuel efficiency potential found in Paper I
does not necessarily mean that individual actors like shipping companies and
charterers would not be able to obtain large savings by implementing JIT arrival.

Improved resource planning and utilization in the port call process was another
potential benefit associated with the implementation of JIT arrival as evident
from the results of Paper II and Paper III. Several actors, both at the sea-side
and the land-side (e.g., terminal operators, agents, pilots, and load/discharge
masters), underlined that their resource planning and utilization to manage the
port call process can be improved by the implementation of JIT arrival. From
the sea-side perspective, the shipping company and the charterer underlined
that voyage planning and execution can potentially improve due to JIT arrival
(and the PBP as berths can be booked). One of the key enablers of JIT arrival is
the possibility to reserve time-windows for specified berths. Managers from the
shipping company and the chartering company emphasized that berth
reservation can potentially improve decision-making for voyage planning and
execution. Paper III shows that information sharing about berth reservation
provide the flexibility in adjusting the speed during voyage execution. These
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adjustments are based on the reserved time-windows of the berth. This
flexibility allows for improved speed decisions that are efficient for the voyage
execution, enabling to realize the fuel efficiency potential of JIT arrival.

In Paper II can be seen that the actors on the land-side, terminal managers,
agents, and other actors on land provided similar statements on how the
resource planning and utilization can improve with the help of JIT arrival. The
implementation of JIT arrival relies on early information sharing about vessel
arrival, including the ETA and the ETD of the berth reservation and vessel-
specific information. Early information sharing increases the planning-horizon
for actors on land, which will help them to better plan their resources. For
example, as mooring-operators will potentially receive earlier information about
vessels ETA and ETD, they can plan for the mooring and unmooring with less
uncertainty. Early information sharing allows them to allocate the required
number of resources needed within a limited future time frame, which
potentially improve the resource utilization.

Another valuable potential related to resource planning and utilization enabled
by JIT arrival was the planning reliability. In this context, the planning
reliability, from the perspective of sea-side actors, refers to reducing the risk of
the desired berth being occupied by another vessel upon arrival. It also means
that actors at the land-side can plan based on known vessel service
requirements. This is not always the case as in FCFS, actors do not always know
which vessel will arrive first if several vessels are calling the port at the same
time. As a result, actors may create slack resources in FCFS to manage the
uncertainty of not knowing which vessels will arrive first. Terminal managers of
oil and gas companies valued the improved planning reliability associated with
berth reservation in JIT arrival. According to the managers, the planning
reliability associated with the PBP would improve the working environment,
reduce conflicts in operations planning at land-side, and reduce unnecessary
delays caused by occupied berth upon arrival. The importance of planning
reliability is derived from the fact that in the PoG, there are eight oil and gas
terminals which “compete” for the same energy-product berth. Although, PoG
is not a heavily trafficked port, one terminal manager mentioned how “their
vessel” arrived four minutes before another vessel to the berth, prior to the
implementation of the PBP. This underlines the importance of berth-reservation
for planning reliability and to avoid risks of delays and other inefficiencies. One
terminal manager elaborated on how he “bragged” internally within his
company to other managers operating in different ports about the PBP in PoG.

In Paper II1, managers from the PoG frequently elaborated on how the PBP is
considered as a measure to improve the port’s competitiveness. PoG managers
anticipated the improved competitiveness in terms of potential to attract more
traffic to the port. This can be connected to the literature on port
competitiveness and indicators, e.g., port costs and operational efficiency
(Parola et al., 2017). The availability of the PBP can potentially reduce port costs
for some actors. In this context, the shipping companies and charterers bear the
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costs caused by congestion or lengthy port stays during port calls. These costs
can potentially be reduced by the PBP. This is because the aim in JIT arrival is
to avoid delays. As the PBP improves resource planning and utilization, this can
improve the operational efficiency of actors’ different processes. These aspects,
which can potentially improve the service quality of the port call process can
lead shipping companies and charterers to ship via the PoG.

Another relevant aspect related to port competitiveness is the relationship
between the PBP enabling JIT arrival, and the Carbon Intensity Indicator (CII).
The CII is a mandatory emissions reduction measure adopted recently by the
IMO (IMO, 2021). The CII measures the carbon emission per unit transport
work for each vessel over 5 000 Gross Tonnage (GT) (IMO, 2021). Comparing
the CII value of each vessel to a reference CII value determined by the IMO leads
to a ClII-rating for each vessel. The CII-rating ranges from A-to-D, where A, B,
and C entails compliance, whereas D and E require corrective actions by
shipping companies (Wang et al., 2021). The operations manager from the oil
and gas company underlined and credited the PoG and their PBP as important
to comply with the mandatory demands of the CII. The compliance is obtained
because the PBP facilitates the implementation of JIT arrival. In connection to
the literature, JIT arrival has been discussed as a measure to comply with the
CII for vessels rated between E-D (Schroer et al., 2022). Thus, ports can improve
their competitiveness by providing arrival policies like the PBP to facilitate the
implementation of JIT arrival. The relationship between the PBP, JIT arrival,
and the CII should not be underestimated with regards to port competitiveness.
Especially as the requirement on the CII will be difficult to comply with as time
goes, i.e., the rate is planned to be reduced 2% annually by the IMO (Wang et
al., 2021).

The potential of JIT arrival can be summarized as:

e Save fuel and emissions during the voyage execution and within the
port area.

¢ Decrease the total turnaround time of port call by avoiding delays.

e Improve the resource planning and utilization of actors both at the sea-
side and the land-side.

¢ Increase the competitiveness of ports where the implementation of JIT
arrival is possible.

RQ-2 How can port authorities facilitate the
implementation of Just-in-Time arrival in the port call
process?

Coordination is necessary among actors to enable them to realize the potential
of implementing JIT arrival. Furthermore, one step to implement JIT arrival is
the transition from FCFS to PBP. Arrival policies are normally “controlled” by
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port authorities. Thus, the used arrival policies impact the coordination among
actors. In the first part of the answer, the interaction between the PBP, PCS, and
planning as coordination mechanisms to enable actors to realize the potential of
JIT arrival is presented. In the second part of the answer, the implementation
process of the PBP is presented.

Coordination of actors in the port call process

The coordination process, including the interaction between the different
mechanisms to coordinate JIT arrival is discussed here. Three coordination
mechanisms were needed to enable the implementation of JIT arrival and
possibly realizing its potential benefits. These were the PBP, information
sharing (PCS), and the planning processes of actors at sea-side and land-side.
The interactions between these mechanisms are as follows. First, the PCS was
considered as a prerequisite to implement the PBP and coordinate actors within
the same information sharing modality. Later, when the PBP was implemented,
rules specified by the PoG to improve information sharing and utilization of the
PCS among actors in the port call process were established. In turn, these rules
on information sharing can potentially coordinate the planning between the sea-
side (voyage execution), and the land-side (port call services). Coordinated plans
between the sea-side and the land-side enables actors in realizing the potential
of JIT arrival.

In Paper IIT it was seen that the PBP specified new rules about information
sharing in the PCS that is important to coordinate actors. These rules include
the content, frequency, modality, and direction of information to enable the
coordination of actors. The coordination among actors starts when vessel
representatives requesting berth-reservation for a specific time-window. This
request must include the following information content: Contact information of
representatives (e-mails), the IMO-number of the vessel that will use the berth,
the ETA to the outer port area, the time-window of the berth reservation, and
the laytime of the vessel (time at berth for cargo-operation). This request is
shared by vessel representatives with the PoG through the PCS. When the berth-
reservation request is shared, the VTS replies with a Recommended Time of
Arrival (RTA). The VTS (And the PCS) either accept the requested time-window
desired by the vessel’s representative. Or, if the requested time-window is
already occupied, a new, valid RTA is suggested to the vessel’s representative.
The RTA (directly accept or new suggestion) is shared by e-mail with the vessel
representatives. When vessel representatives receive the RTA information via e-
mail, they must confirm the time, which is done through a link that is available
in the e-mail. At the earliest, the confirmation of berth reservation can be made
36 h before the arrival as set by the new port rules. When this information is
confirmed by vessel representatives, the requested time-window is formally
allocated to the vessel. The times for berth-reservations are available in the berth
planning tool in the PCS, the function that was developed in the PCS to enable
the coordination of actors in the PBP. Once the vessel arrives to the berth, and
cargo-operation commences, the load/discharge master, together with the
agents and the vessel crew, are responsible to update the ETD. This update is
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conducted manually in the PCS and is necessary to make the RTA for the next
arriving vessel more accurate and based on the actual departure from the
current vessel occupying the berth. In Figure 5, an illustration of the information
sharing procedure is presented.
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Figure 5. Procedure for information sharing to coordinate actors in the port call process

(Paper I1I)

The information sharing procedure facilitated by the rules of the PBP and the
utilization PCS improves the quality of information sharing among actors. In
turn, improved quality of information streamlines the utilization of information
to plan efficiently for port call services. The streamlined utilization of
information allows the planning of land-side and sea-side actors to be
coordinated to implement JIT arrival. It potentially ensures that the speed-
decisions can be made based on the availability of the berth, and the actors at
the land-side plan their resource based on the specific requirements of the vessel
that has reserved the berth. The coordinated plans between the sea-side and
land-side also leads to the improved resource planning and utilization potential
mentioned in RQ-1.

Evidence to strengthen the argument about information quality, information
utilization, and their effect on resource planning and utilization can be derived
by combining the findings from Paper IT and Paper III. Several information
deficiencies experienced by actors were revealed in Paper II. For example, actors
relied on an ad-hoc and inconsistent approach based on several information
modalities to access (and share) the information they needed. Some actors also
suffered from incompleteness of information, i.e., the necessary information
content for coordination purposes was lacking. The information deficiencies
found in Paper II also explained the “seek it by myself” phenomenon. The “seek
it by myself” meant that the majority of actors had an information seeking
approach based mainly on manual modalities as this enable them to assess the
trustworthiness of information.
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Some information deficiencies experienced by actors in Paper II are solved due
to the development of new information sharing procedure. For example, many
actors are more certain about information related to berth availability as berths
can be reserved now. Unreliable updates of information were common
information deficiency in Paper II. The training programs provided for actors
increase their awareness about the importance of timely updates of information,
which reduce the risk for information deficiencies to occur. These programs also
clarified the required commitment from actors to efficiently utilize the PCS to
coordinate the planning processes and realize the potential benefits of JIT
arrival. The information sharing procedure promotes early information sharing
about vessel arrival, including information about the ETA and ETD, RTA, berth
availability, and laytime. Early information sharing increases the planning-
horizon of actors to plan the service orders, such as pilotage and sludge-orders,
more efficiently. This can also be seen in the fuel efficiency potential in Paper I,
the longer the planning-horizon is for the port call, the more fuel and emissions
can be saved.

The implementation of the pre-booking policy

Port authorities can support the implementation of JIT arrival by replacing the
berth allocation policy in ports from FCFS to PBP. As berth can be reserved
based on time-windows specified by shipping companies and charterers, these
companies can adjust the sailing speed of vessels based on the availability of
berths. The importance of the PBP to enable the implementation of JIT arrival
is emphasized in literature (Gibbs et al., 2014; Kontovas and Psaraftis, 2011).

In Paper III the implementation process was initiated by a shipping company
and a chartering company who requested the move towards the PBP. These
companies have frequent vessels calling the PoG and underlined the value of
implementing JIT arrival to the port call process. They emphasized on the
benefits of JIT arrival, and how they already use JIT arrival when calling the
private terminals/refinery to load products owned by the charterer. The PoG
considered the request and identified their own incentives to implement the
policy.

The implementation process of the PBP was divided into three phases: planning
phase, execution phase, and performance measurement phase. The planning
phase included three activities. First, a project consortium to implement the
policy was established. The consortium consists of the PoG, the shipping
company and the oil and gas company who proposed the initiative, and the
Swedish National Road and Transport Research Institute. Second, an
implementation-plan, which included the necessary activities to implement and
the policy and allow the actors to be coordinated to implement JIT arrival was
created. This plan also included a timeline over when and who is responsible to
conduct these activities. Third, before proceeding to the execution phase, legal
expertise was consulted. The PoG consulted lawyers to assess whether they are
legally allowed to implement the PBP. The main task of the lawyers was to assess
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the contracts that the PoG has with other actors. More specifically, the lawyers
assessed how the current contracts that the PoG has with other actors may
prohibit, or cause problems during the implementation of the policy. The main
purpose of the legal consultant was to ensure that the transition to the new
policy would reduce “contractual risks” that the PoG can be sued for due to the
PBP.

The execution phase of the PBP included several activities activities. The first
activity within this phase is an “as-is” analysis and documentation of the port
call process at the PoG. During this activity, process map for the physical
structure of the port call process, along with addressing the different actors
providing these services in the port was created. The information sharing and
quality between actors, and the different information systems that are utilized
in the port call process were also mapped. The purpose of the “as is” activity was
to familiarize the PoG with how the port call process is currently coordinated.
Moreover, the PoG conducted analysis to estimate the fuel efficiency potential
of implementing JIT arrival in their port calls. This was considered as an
important step to acknowledge the expected benefit of implementing the policy
as it’s an enabler of JIT arrival. Based on AIS and port call data at the PoG, and
a set of assumptions, the potential savings for fuel and emissions associated with
JIT arrival were estimated.

The second activity within the execution phase was risk identification and
mitigation. The PoG invited several actors to participate in workshops to discuss
the risks that are associated with the implementation of the policy. In total, two
workshops were conducted, and the following risk-categories emerged from
these workshops: operational risks, technical risks, information risks, and
commerecial risks, i.e., risks related to charterparties. Operational risks can for
instance be vessels that arrive late to their time-window, and how this would
affect the time-window of subsequent vessels. Another example is if vessels
cancel their berth-reservation and what implication this would have on other
vessels. Technical and information risks involve those risks that are related to
“bugs” in the PCS, or that actors visiting the PoG might be unaware of the
mandatory berth-reservation associated with the PBP. Commercial risks relate
to how charter parties can limit the possibility to adjust the speed of the vessels.
For example, if the RTA about the berth availability provided by the PoG
indicates to the arriving vessel and its crew to reduce the sailing speed, the
shipping companies cannot guarantee that the sailing speed will be adjusted
accordingly. This was because some charterparties make the charterer as the
decision-owner of speed-decisions during the voyage. In turn, charterers may
instruct the vessel to sail at “utmost dispatch” to the port. Thus, contractual
agreements can limit decision-making related to speed-adjustments. This risk,
which is related to the principal-agent problem, is well documented in the
literature (Fuentes and Adland, 2023; Rahmetulla and Smith, 2015).

The third activity within the execution phase involves the development of new
functions in the PCS. Prior to the implementation of the policy, the PoG
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developed a PCS to coordinate actors in the port call process. The PoG held a
continuous development-program with a software company to develop new
functions in the PCS that is aligned with the new policy. These functions were
discussed internally and with external actors to address how they can contribute
to coordinating the actors to implement JIT arrival. The main PCS function that
was specifically developed for the policy was the “berth planning tool”. The berth
planning tool is used to coordinate the actors through information sharing, e.g.,
viewing the availability of berths, booking time-windows for the desired berths,
and updating of information such as ETD while berthed.

The fourth activity in the execution phase involved modifications to the port’s
byelaws and operating rules. For instance, reserving a berth time-window before
arrival is mandatory for all visiting vessels to the energy-product berth. Other
rules are related to the allowed deviation in the Actual Time of Arrival (ATA)
compared to the time-window of the berth-reservation, and a deadline for berth-
reservation before arrival.

The fifth activity involved training programs provided to actors (mainly VTS
staff and agents). These programs aim to increase the understanding of actors
about the potential benefits and the reasons for why the policy is implemented.
The programs were also used to clarify the new rules, commitment, and
responsibilities of actors that come with the implementation of the policy. For
example, what and when certain information must be shared in the PCS/berth
planning tool. Beside the training programs, the PoG provided an instruction
document related to the policy. This document is accessible on the webpage, and
actors can use it as a guide for berth-reservations and other practicalities
associated with the policy.

The third phase aimed at identifying relevant indicators to establish a
performance measurement system. The performance measurement system is
intended to measure and monitor the benefits associated with the PBP. This
included for instance identifying how the sailing speed of visiting vessels have
changed due to the PBP. Several indicators, and the required data to measure
these indicators were identified to enable the measurement of the performance
of the PBP/JIT arrival. During the writing of this thesis, a fully established
performance measurement system for JIT arrival was not completed. However,
some of the frequently discussed indicators during this phase are presented in
Table 5:
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Table 5. Indicators for performance measurement system of JIT.

Indicator Description

Vessel speed The sailing speed of the arriving vessel 24 h before arrival to
PoG. Relevant to assess environmental impact related to JIT
arrival.

Maneuvering The maneuvering time and speed when the vessel is within the
port area approaching the berth. Relevant to assess the safety
and the environmental impact related to JIT arrival.

Vessel time  at | The time that vessel spend at the anchorage area of the PoG.

anchorage Relevant to assess environmental and operational impacts.

Vessel time at berth | The time that vessel spend at the berth for cargo-operations.

New suggestions for
the RTA

Refers to cases when the berth-reservation time-window
requested by the vessel is occupied, and the PoG suggests a
new RTA to the vessel. An indication for a “queue”.

Number of RTA to
vessel

The number of RTA that vessels receive during the port call
process from the PoG. A vessel can receive more than one
depending on the operations at the port.

ETD updates during
cargo-operations

The number of updates that are conducted to the ETD of the
vessel while berthed. The reason for updating the ETD must

also be documented.

Two important aspects emerged from studying the implementation process.
These are the close interaction that PoG had with relevant actors, and the
interconnection between different activities and phases during the
implementation process. Many of the different activities were conducted with
close interaction with other actors that are involved in the port call process at
the PoG. For example, in the risk identification and mitigation workshops, a
variety of actors, e.g., agents, charterers, shipping companies, and terminal
operators were present. Likewise, during the introductory workshop to the PBP,
and training programs that were provided, diverse types of actors were present.
This diversity is internal, e.g., VTS staff from the PoG, but also external,
including agents, pilots and load/discharge masters. The close interaction with
actors was valuable to the PoG and the implementation process of the PBP in
particular. This is because the participating actors provided insightful feedback
and suggestions that aided the implementation process. These suggestions can
at times be missed by the PoG, and the participating actors reminded the PoG
of their importance to the PBP.

The close interaction between the PoG and the port call actors, and the new
suggestions about the PBP also yielded some interconnection between the
different activities. The interconnection here refers to how the outcome of one
activity can serve an input for another. For instance, actors’ participation in the
risk workshops contributed to identifying new risks that the PoG had not
considered previously, e.g., how pilotage-availability can influence the
coordination during JIT arrival. Another example is how the information
deficiencies revealed from the as-is analysis was used to develop new functions
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in the PCS. The activity to estimate the fuel efficiency potential of JIT arrival was
used to inform actors about the potential benefits and the reason for the
transition to the PBP from FCFS. Thus, this pattern was observed on many
occasions and highlights the importance of including actors in the
implementation process where decisions about the PBP are made. In Figure 6,
an illustration of the implementation process of the PBP at the PoG is presented.
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Figure 6. The implementation process of the pre-booking policy.

To summarize the answer to RQ-2:

Port authorities can facilitate the implementation of JIT arrival by
making the use of the PCS and the PBP mandatory for port call actors.
To coordinate the port call actors and enable them to realize the
potential of JIT arrival, PCS, PBP and improved planning are critical
coordination mechanisms for the successful implementation of JIT
arrival. The PCS is a prerequisite to enable port authorities deploy
PBP. In turn, the PBP supports information sharing as it sets rules
specifying how information should be shared. Improved information
sharing procedure aligns the planning processes of individual actors to
realize the potential of JIT arrival.

The implementation process of the PBP includes planning phase,
implementation phase, and performance measurement phase. Each
phase has separate activities such as “as-is” analysis, risk identification
and mitigation, development of PCS, modified port byelaws and
operating rules, and training programs for companies calling the port
as well as internal staff. The Port authorities’ interaction with the port
call actors is important for streamlining the implementation process
of arrival policies in ports.
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6. DISCUSSION AND CONCLUSION

The findings are discussed in this chapter, followed by presenting the contribution and
conclusion of the research. Moreover, the directions for future research are also
presented.

6.1 Discussion on the potential of Just-in-Time arrival in

the port call process

Public authorities like the IMO and the EPA encourage the implementation of
JIT arrival due to its fuel and emissions savings potential. Complementary to
the encouragement of public authorities, some scientific and industrial
publications have estimated the fuel efficiency potential of JIT arrival. The
estimates in these publications highlight the promising energy efficiency
potential of JIT arrival, and also encourage its implementation as a measure to
reduce emissions (Jia et al., 2017; PortXchange, 2020; Sung et al.,2022).

Part of the findings from this thesis (Paper I) challenge the previous JIT
potential publications and reveal that the fuel and emissions savings potential
of JIT arrival may be smaller than expected. The analysis of the fuel efficiency
potential in this thesis is based on a speed-dependent approach where the fuel
consumption elasticity considers the operational sailing speed of the vessels.
Using this approach yields significantly lower fuel efficiency potential for JIT
arrival compared to previous estimates based on the cubic law. This is because
studies using the cubic law assume that it holds true regardless of the
operational sailing speed. In practice, however, the cubic law holds true only
when vessels are sailing close to their design speed (Fagerholt et al., 2010;
Adland et al., 2020; Berthelsen and Nielsen, 2021). While the findings from
Paper I reveal smaller fuel efficiency potential of JIT arrival (compared to
previous literature), actors in the studied case (Paper II and III) were driven by
the fuel efficiency potential of JIT arrival. The fuel and emission savings of JIT
arrival was the primarily driver to implement JIT arrival in the studied case.
Hence, the outcome of the two studies in this thesis are in conflict regarding the
fuel efficiency potential of JIT arrival. Though, here it is important to mention
that the comparison (and the conflicting results) of the two studies is
complicated because of the use of different methodologies. The first study is on
a system-level, whereas the second is on a case-level.

Beside the small fuel efficiency potential of JIT arrival, the findings reveal that
JIT arrival can in some circumstances lead to faster sailing speed of vessels, i.e.,
the “speed-up” phenomenon. The circumstances which allow this phenomenon
to occur is when, for example, one vessel cancels its berth-reservation. This
results in a new suggested RTA to the next vessel that is supposed to arrive after
the vessel that canceled its reservation. The new RTA may require faster sailing
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speed compared to the original RTA. On a voyage level, the faster sailing speed
entails more emissions per voyage. However, as this occurs on a voyage level, it
does not mean that the total emissions increase due to the speed-up
phenomenon. How the total emissions are affected depends on how often this
phenomenon occurs.

In the study behind of Paper II and Paper III discussions during workshops and
meetings with shipping managers revealed that the market conditions (e.g.,
price of fuel, next planned voyage, type of charterparty) affect the decisions to
sail faster or continue the voyage based on the original RTA. Shipping
companies and charterers preferred to have flexibility in the decision-making
when the circumstances resulting in “speed-up” phenomenon occur. The
companies expressed clear preferences about their own speed-decisions. The
flexibility in decision-making here refers to that if one vessel cancels its
reservation, the shipping company and charterers should not obey speed
instructions based on RTA from the port. Instead, they are the ones that want to
decide if they will speed-up or continue based on the original RTA. The
perception of shipping managers towards the “speed-up” phenomenon was that
it is considerable and not completely infeasible. What also explain actors’
neutral position towards the “speed-up” phenomenon is that fuel efficiency is
only rewarded in poor market conditions (Adland et al., 2017). The “speed-up”
phenomenon also shows how berth allocation policies deployed by port
authorities affect the speed-decisions of vessels, as discussed by Adland and Jia
(2018).

The “speed-up” phenomenon is interesting and has not been discussed in the
JIT arrival literature previously. What is interesting is how it differs from the
traditional outlook on JIT arrival, i.e., a speed reduction measure to reduce
emissions and fuel consumption (IMO, 2020; Schorer et al., 2022). While the
“speed-up” in the context of JIT arrival has not been discussed previously,
similar observations in the context of speed limits in maritime transportation
were found in the literature. Cariou and Cheaitou (2011) found that shipping
companies increase the speed of their vessels during the voyage to compensate
for the time-loss caused by speed limit imposed in some EU waters.

The discussion above is related to one of the barriers that limit the
implementation of JIT arrival, i.e., the validity of fuel and emissions savings of
JIT arrival. The key message to both academics and practitioners in maritime
transportation is the need for further research on the potential of JIT arrival to
reduce emissions. Further research about the validity of the fuel and emissions
savings potential of JIT arrival is important for policymakers to make informed
decision about how appropriate JIT arrival is to reduce emissions and achieve
environmental targets. For example, for the Swedish context, if the sailing speed
of vessels keep deviating from the design speed, then policymakers may consider
other measures than JIT arrival to reduce emissions. For other types of trade,
where vessels sail close to the design speed continuously, JIT arrival is perhaps
appropriate. While the findings emphasized on the influence of the sailing speed
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on the potential of JIT arrival, other factors should be identified. These factors
should also be considered in the estimates of the potential to ensure validity.

The planning and resource utilization potential facilitated by the
implementation of JIT arrival identified in Paper II and Paper III were seen as
valuable for all the port call actors. From the sea-side, shipping companies and
charterers can potentially make improved speed-decisions during the voyage
execution. Whereas for the actors at the land-side, the majority underlined that
the implementation of JIT arrival can potentially improve their resource
planning and utilization. This part of the findings confirms the findings from the
previous literature. Eisen et al., (2022) simulate how the PBP improves berth
utilization in the port of Amsterdam. While the berth utilization is not simulated
in this thesis, the findings are complementary to Eisen et al.’s (2022) as many
actors underlined how JIT arrival improves resource planning and utilization.
Elbert and Walter (2014) simulated how early provision of ETA improves the
utilization of resources at the land-side. This is aligned with the findings of
Paper III, as JIT arrival rely on early information sharing. This entails that the
planning-horizon for actors in the process becomes longer, which potentially
improves the resource planning and utilization. For example, ETA and berth-
reservations are made 36 h before arrival in JIT arrival.

6.2 Discussion on the importance of coordination for
implementing Just-in-Time arrival in the port call

process

Lack of information sharing, and coordination were among the identified
barriers that limit the implementation of JIT arrival. The findings from Paper II
and Paper III provided insights on how actors in the port call process can be
coordinated to allow for the implementation of JIT arrival. In particular, the
focus was on three coordination mechanisms: the PBP, the information sharing
procedure (PCS), and the alignment of plans between different actors. The
interaction between these coordination mechanisms enables the actors to
implement JIT arrival. However, a variety of challenges associated with
coordinating the actors emerged during the study. These challenges are
discussed in this section.

The first challenge is related to the dilemma of setting the operating rules of the
PBP in a way that satisfies all the actors and companies. This dilemma is called
“the dilemma of timing berth reservations” or the “ETA dilemma” and refers to
the timing in which berth reservation must be confirmed. In the context of the
PoG, the earliest that berth reservation can be made is 36 h before arrival. Some
companies, especially those with long voyages (e.g., have their port of origin in
South America) prefer earlier timing for the reservation of berth, e.g., 72 h
before arrival. Their argumentation was based on earlier possibility to reserve
the berth provide better opportunities to plan and execute the voyage. For
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example, the speed reduction can possibly commence earlier if the berth is
reserved earlier. However, other companies, with ports of origin close to Gavle
(e.g., Swedish west coast) preferred 36 h to confirm the reservation. This
dilemma complicates the decision making for the PoG, meaning that it is
difficult to satisfy all actors and companies with their respective operations. In
the PoG’s case, the 36 h was determined based on data showing that most of the
port calls in the PoG have a port of origin located on the Swedish west coast. The
36 h is “aligned” with the length of these voyages from the Swedish west coast.

The PoG (with the influence of shipping company and oil and gas company) was
the initiator behind implementing JIT arrival. However, there are some
activities that influence the coordination necessary to implement JIT arrival,
that are out of the control of the port authority. For example, as the activities in
the port call process are sequentially interdependent, many actors underlined
how shortage in pilots can affect their operations and JIT in general. However,
pilotage is regulated and planned by the SMA. This is relevant for the Swedish
context as pilotage shortage is discussed on parliament level (Riksdagen, 2019).
Ice-brakers, also regulated through the SMA must be coordinated within JIT
arrival. This underlines the importance of governmental bodies like the SMA for
the implementation of JIT arrival. This entails that the coordination efforts
cannot guarantee that the potential of JIT arrival are realized, as ports lack
control over some activities.

Another coordination challenge that limits the implementation of JIT arrival
that port authorities lack control over is related to contractual agreements
between the shipping companies and charterers. This has been extensively
discussed in the literature (Rehmatulla and Smith, 2015; Fuentes and Adland,
2023). The PBP supports the shipping companies and charterers in coordinating
their operations and to incorporate clauses like VA, JIT arrival and STM, but
doesn’t guarantee that these will be incorporated, or the speed will be adjusted
based on the RTA. Especially those vessels that operate on a VCP where the
principal-agent problem exists may negatively impact the possibility to
implement JIT arrival. Not only inter-organizational coordination (e.g.,
between vessel owners and charterers) is necessary to implement JIT, but also
intra-organizational coordination within individual organizations is also
important. This was found as in Viktorelius and Lundh (2019) where in some
circumstances the incentives for the vessel crew regarding fuel efficiency and
speed reduction may be in conflict. For example, vessel crews face uncertainty
about how efficient their energy efficiency practices are, and in some
circumstances have contradictory theories about the fuel consumption
(Viktorelius and Lundh, 2019). Other port authorities following a similar
direction as the PoG towards JIT arrival must therefore have a solid contextual
understanding about their port call processes. This contextual understanding
includes obtaining information about the characteristics of the voyage of calling
vessels, and aggregate information about the type of charterparties calling
vessels operate under. Moreover, identifying the bottlenecks within the port is
also important for choosing the right coordination mechanisms. In turn,
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identifying the coordination needs (and mechanisms to manage these needs)
based on the context can potentially contribute to improved coordination
between actors.

The PCS appeared of importance to coordinate the actors in the implementation
of JIT arrival. However, one challenge that is associated with the utilization of
PCSis related to the “scalability”. For example, different ports choosing different
software companies for their PCS may complicate the information sharing as it
is hard to integrate the systems. Agents and other actors may frequently need to
adapt to different PCS to coordinate port calls at different areas. In Finland, the
adoption of one PCS is more common, as reported, that 16 ports operate the
same PCS (Unikie, 2021). More centralized approach in the utilization of PCS
would likely streamline the implementation and coordination of JIT arrival.
What is also important to consider for the coordination is integrating the local
PCS with reporting systems such as MSW. Currently, agents must share
information in the PCS and in MSW. Integrating the different information
systems and allowing the booking of services such as pilotage to be available
through the different systems would simplify the coordination process among
actors.

All of the above discussed challenges underline the complexity associated with
accomplishing the coordination necessary to implement JIT arrival in port calls.
Part of the findings focused on the perspective of how port authorities can
contribute to the coordination of actors to enable them to realize the potential
of JIT arrival. However, the key message is that all actors must align their efforts
to enable the coordination associated with JIT arrival. One single actor cannot
ensure the implementation of JIT arrival, instead all actors must work together.

Regarding the OIPT (Galbraith, 1977) presented earlier, FCFS can be positioned
within the approach to reduce the need for information processing. Whereas for
the PBP and JIT arrival, it is clear that information processing capacity must
increase. OIPT highlights the importance of investment in vertical information
system. The PCS in the context of JIT arrival is related to vertical information
systems mentioned in OIPT. It was considered as a key mechanism to coordinate
planning processes of different actors in the context of JIT arrival. Moreover,
new rules and procedures for information sharing were established, which in
turn influenced the utilization of PCS positively. This is also part of the OIPT, as
the relation between rules and procedures and vertical information systems is
highlighted. Lateral relations were also observed as in how actors were
coordinated in the context of operational disruptions occurring in the PBP. If
one vessel cancels its berth reservation, information is shared with the next
coming vessel. The next arriving vessel would then have the option to speed-up
or to continue based on the original ETA. The training programs provided by the
PoG to different actors to clarify the required commitment from them to realize
the potential of JIT arrival is another example of lateral relations.
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6.3 Contributions

The practical, policy, and theoretical contributions are summarized in this

section.

6.3.1 Contributions to practice

The information needs of different actors in the port call process are
identified in Paper II. This is important for port authorities planning
to implement a PCS. Understanding the needs of actors is a
prerequisite for the efficient utilization of the PCS and reduces the risk
of a “failed PCS attempt” as the case was in the smartPORT project.

The description of the implementation process of the PBP in Paper I1I,
including the modification in port byelaws and operating rules,
development of PCS, and other aspects is relevant to port authorities
that are considering the transition from FCFS to other alternative
berth allocation policies. Close interaction with the port call actors
during the implementation process is valuable for port authorities as
these interactions provide insights on different actors’ perspectives
and needs that would otherwise be overlooked.

The implementation of JIT arrival is relevant for shipping companies
and charterers as it can be used to improve the CII ratings of vessels.
The findings addressed the relationship between how the PBP, PCS
and planning enable JIT arrival, which in turn can increase the CII
rating of vessels.

6.3.2 Contributions to policy

In the existing literature, JIT arrival is recognized as a promising
emission abatement measure. This recognition is challenged in this
thesis, and the findings underline how the operational sailing speed of
vessels significantly impact the obtained emissions savings by JIT
arrival. For policy makers, this implies that the potential of JIT arrival
to reduce emissions may be overestimated. The market conditions in
general, and the sailing speed of vessels in particular, must be
considered during decision-makings about JIT arrival. This
consideration is important as it affects the emissions savings of JIT
arrival.

Public authorities, like the SMA, must be engaged in the JIT arrival.
Centralized approach in PCS utilization, and integration of PCS with
reporting systems like MSW would streamline the coordination
process of JIT arrival. For example, if local, port-specific PCS are
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integrated with reporting systems, agents do not need to report the
same information in both systems.

6.3.3 Contribution to theory

e The theoretical contribution underlines how JIT arrival requires an
increased capacity in information processing. Factors related to
information sharing, information quality and PCS are key enablers of
JIT in the context of maritime logistics and transportation.

6.4 Conclusion

Summary of the findings for each RQ is presented below:

RQ-1: What is the potential of Just-in-Time arrival in the port call
process?

Three types of potential improvement areas were identified: fuel and emissions
savings, improved resource planning and utilization, and increased port
competitiveness. The share of the vessels that would benefit of JIT arrival was
smaller than expected. The estimated fuel and emissions savings potential of JIT
arrival ranged between 1-5% for those vessels, depending on when during the
voyage speed reduction can commence. The small fuel and emissions savings
were explained by the slow sailing speed observed in the sampled vessels. The
findings underline that the fuel and emissions savings potential of JIT arrival
reported in the existing literature may be overestimated. Most of the port call
actors underlined that the implementation of JIT arrival leads to improved
resource planning and utilization. This potential is derived from the fact that the
implementation of JIT arrival improves the planning-horizon and reliability of
different actors’ planning processes. JIT arrival can be used as a compliance
option and thereof potentially improve the CII ratings of vessels. Port
authorities increase their competitiveness by supporting the implementation of
JIT arrival as it enables charterers and shipping companies to comply with
mandatory obligations imposed by the IMO and could lead to a decrease in
delays for the shipping companies and charterers.

RQ-2: How can port authorities facilitate the implementation of
Just-in-Time arrival in the port call process?

Three coordination mechanisms were necessary to facilitate the implementation
of JIT arrival. These mechanisms include PBP, information sharing and PCS,
and planning. The PCS is a prerequisite for port authorities to implement pre-
booking policies. In turn, the PBP set up rules to create an information sharing
procedure including a specified content, modality, frequency, and direction of
information. The information sharing procedure supports the coordination of
different actors’ planning processes for JIT arrival. For example, vessel
representative share information about their arrival plan and berth reservation.
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This allows the actors on the land-side to plan accordingly based on the arrival
times and the required resources of vessels that are calling the port. The
coordination of these plans leads to the implementation of JIT arrival. In Figure
7, the answers to the RQs are illustrated in the context of the studied system.
The potential of JIT arrival with regards to the sea-side and the land-side are
presented. The interaction between the coordination mechanisms to coordinate
the implementation of JIT arrival are also presented.

Just-in-Time arrival in the port call process
Potential of JIT: Seaside Potential of JIT: land-side
- Improved voyage planning and execution -

N Improved resource planning and utilization
(speed decision)

- Emission savings within the port area
- Port competitnvess

- Fuel and emission savings during the voyage
- Decreased vessel delays

Voyage execution Port call services and actors

Tugboat Mooring  Surveyoresand  port authority Agnts
operators  operators load/discharge

Shipping Pilots

companies

! 1
I master 1
I o QR *A —— & 2 & X $ 2
1 Just-in-Ti | -
: Transportation 1 ust-in-lTime arriva : og :
\ J \

service Pilotage Towage Mooring Cargo operations  Vessel traffic  Assist vessels

service 7

Start: 24-72h before arrival End: Vessel leaves the port area

Information
sharing (PCS)

Pre-booking
policy

Figure 7. Findings in the context of the studied system.

6.5 Limitations and future research

The methodology that is used in this thesis limits the generalizability of the
findings. The estimates for the fuel and emissions savings potential of JIT arrival
are based on data for 2019 from the Swedish context. Estimating the potential
in other circumstances and contexts can lead to varying results. To further
validate the findings, the sample can be extended to include voyage for a longer
period than the year 2019. Future research estimating the fuel efficiency
potential could include a longer time-interval or try different countries with
different maritime traffic characteristics compared to Sweden. Regarding study-
2, the single case approach limits the generalizability of the findings. Multiple
case approach in other ports is important to gain additional insights regarding
the implementation of JIT arrival in an empirical setting. Survey studies to
validate the findings from the case is necessary for the generalizability of the
findings.

Different directions can be taken for future research. One direction is to widen
the scope of studied actors. In this thesis, some actors providing services such
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as bunkering and icebreaking were not included. One example for future
research is the inclusion of operators for icebreaking and bunkering in the
coordination process and understanding their coordination in relation to JIT
arrival. The focus in this thesis was on the fuel and emissions savings, and the
coordination and information sharing associated with JIT arrival. Addressing
the relationship between these two and the contractual agreements and
charterparties between shipping companies and charterers is important for the
implementation of JIT arrival. Predictive modelling to estimate more accurate
ETA, laytime, and/or RTA are also important for the coordination of JIT arrival.
This may potentially improve the information quality, which in turn is essential
for JIT arrival. Lastly, the focus in the thesis was on JIT arrival, the sea-leg and
the port/land-side. Extending the transport chain to include the transportation
from the port to warehouses or customers is another valid research direction
that can be undertaken.

69



70



References

REFERENCES

Abou Kasm, O., Diabat, A., & Bierlaire, M. (2021). Vessel scheduling with
pilotage and tugging considerations. Transportation Research Part E: Logistics
and Transportation Review, 148, 102231.

Adland, R. O., & Jia, H. (2018). Contractual barriers and energy efficiency in the
crude oil supply chain. In 2018 IEEE International Conference on Industrial
Engineering and Engineering Management (IEEM) (pp. 1-5). IEEE.

Adland, R., Alger, H., Banyte, J., & Jia, H. (2017). Does fuel efficiency pay?
Empirical evidence  from  the  drybulk timecharter  market
revisited. Transportation Research Part A: Policy and Practice, 95, 1-12.

Adland, R., & Jia, H. (2018). Dynamic speed choice in bulk shipping. Maritime
Economics & Logistics, 20, 253-266.

Adland, R., Cariou, P., & Wolff, F. C. (2020). Optimal ship speed and the cubic
law revisited: Empirical evidence from an oil tanker fleet. Transportation
Research Part E: Logistics and Transportation Review, 140, 101972.

Alamoush, A. S., Olcer, A. I, & Ballini, F. (2022). Ports” role in shipping
decarbonisation: A common port incentive scheme for shipping greenhouse gas
emissions reduction. Cleaner Logistics and Supply Chain, 3, 100021.

Alvarez, J. F., Longva, T., & Engebrethsen, E. S. (2010). A methodology to assess
vessel berthing and speed optimization policies. Maritime economics &
logistics, 12, 327-346.

Andersson, P., & Ivehammar, P. (2017). Green approaches at sea: The benefits
of adjusting speed instead of anchoring. Transportation Research Part D, 51,

240-249.

Arjona Aroca, J., Giménez Maldonado, J. A., Ferras Clari, G., Alonso i Garcia,
N., Calabria, L., & Lara, J. (2020). Enabling a green just-in-time navigation
through stakeholder collaboration. European Transport Research Review, 12,
1-11.

Arksey, H., & O'Malley, L. (2005). Scoping studies: towards a methodological
framework. International journal of social research methodology, 8(1), 19-32.

Aydogdu, Y.V., and Aksoy, S. 2015. A study on quantitative benefits of port
community systems. Maritime Policy & Management, 42(1), 1-10.

71



References

Bankvall, L., Bygballe, L. E., Dubois, A., & Jahre, M. (2010). Interdependence in
supply chains and projects in construction. Supply chain management: an
international journal, 15(5), 385-393.

Barratt, M., Choi, T.Y. & Li, M. (2011). Qualitative case studies in operations
management: Trends, research outcomes, and future research
implications. Journal of operations management, 29(4), pp.329-342.

Benbasat, 1., Goldstein, D.K. & Mead, M. (1987). The case research strategy in
studies of information systems. MIS quarterly, pp.369-386.

Berthelsen, F. H., & Nielsen, U. D. (2021). Prediction of ships’ speed-power
relationship at speed intervals below the design speed. Transportation
Research Part D: Transport and Environment, 99, 102996.

Bertrand, J. W. M., & Fransoo, J. C. (2002). Operations management research
methodologies using quantitative modeling. International journal of
operations & production management.

Beullens, P. Ge, F., & Hudson, D. (2023). The economic ship speed under time
charter contract — A cash flow approach. Transportation Research Part E, 170,
102996.

BIMCO. (2020). CII operations clause for time charter parties 2020. Baltic and
International Maritime Council.

BIMCO. Sea Traffic Management (STM) clause for voyage charter parties 2018.
https://www.bimco.org/contracts-and-clauses/bimco-clauses/current/sea-

traffic-management-clause-for-voyage-charter-parties [Accessed 2023-05-12]

BIMCO. Just in Time Arrival clause for voyage charter parties 2021.
https://www.bimco.org/contracts-and-clauses/bimco-clauses/current/just-in-
time-arrival-clause-for-voyage-charter-parties-2021 [Accessed 2023-05-12]

BIMCO. Virtual Arrival clause for voyage charter parties 2013.
https://www.bimco.org/contracts-and-clauses/bimco-
clauses/current/virtual_arrival_clause_for_voyage_charter_parties_ 2013
[Accessed 2023-05-12]

Bloomberg. Ralston, W. (2023). Why the global shipping industry can’t clean up
its act. BNN Bloomberg. https://www.bnnbloomberg.ca/why-the-global-
shipping-industry-can-t-clean-up-its-act-1.1895217 [Accessed 26-03-2023].

Bonello, J.M. (2021). Information barriers in shipping: Assessing effects on
stakeholder decision-making with respect to the energy efficiency of vessels in
the time charter market. Doctoral thesis, UCL (University College London).

72



References

Bouman, E. A,, Lindstad, E., Rialland, A. I., & Stremman, A. H. (2017). State-of-
the-art technologies, measures, and potential for reducing GHG emissions from
shipping—A review. Transportation Research Part D: Transport and
Environment, 52, 408-421.

Branch, A. (2007). Elements of Shipping. Routeledge.
Bryman, A. Bell, E., & Harley, B. (2019). Business research methods.

Cai, J., Chen, G., Liitzen, M., & Rytter, N. G. M. (2021). A practical AIS-based
route library for voyage planning at the pre-fixture stage. Ocean
Engineering, 236, 109478.

Cankaya, B., Wari, E., & Eren Tokgoz, B. (2019). Practical approaches to
chemical tanker scheduling in ports: A case study on the port of
houston. Maritime Economics & Logistics, 21, 559-575.

Cariou, P., & Cheaitou, A. (2012). The effectiveness of a European speed limit
versus an international bunker-levy to reduce CO2 emissions from container
shipping. Transportation Research Part D: Transport and
Environment, 17(2), 116-123.

Carlan, V., Sys, C., & Vanelslander, T. (2016). How port community systems can
contribute to port competitiveness: Developing a cost—benefit
framework. Research in transportation business & management, 19, 51-64.

Chen, S., Zheng, S., & Sys, C. (2023). Policies focusing on market-based
measures towards shipping decarbonization: Designs, impacts and avenues for
future research. Transport Policy.

Cho, J., Craig, B., Hur, M., & Lim, G. J. (2022). A novel port call optimization
framework: A case study of chemical tanker operations. Applied Mathematical
Modelling, 102, 101-114.

Christiansen, M., Fagerholt, K., Nygreen, B., & Ronen, D. (2007). Maritime
transportation. Handbooks in operations research and management
science, 14, 189-284.

Conca, A. Di Febbraro, A. Giglio, D. Rebora, F. (2018). Automation in freight
port call process: real time data sharing to improve the stowage planning.
Transportation Research Procedia, 30: 70-79.

Corbett, J. J., Wang, H., & Winebrake, J. J. (2009). The effectiveness and costs

of speed reductions on emissions from international shipping. Transportation
Research Part D: Transport and Environment, 14(8), 593-598.

73



References

Di Vaio, A., and Varriale, L., (2020). Digitalization in the sea-land supply chain:
Experiences from Italy in rethinking the port operations within inter-
organizational relationships. Production Planning & Control, 31(2—3), 220—
232,

Dubois, A., & Gadde, L.E., (2002). Systematic combining: an abductive
approach to case research. Journal of business research, 55(7), pp.553-560

Dubois, A., & Araujo, L. (2007). Case research in purchasing and supply
management: Opportunities and challenges. Journal of Purchasing and Supply
Management, 13(3), pp.170-181.

Eide, M. S., Longva, T., Hoffmann, P., Endresen, @., & Dalsgren, S. B. (2011).
Future cost scenarios for reduction of ship CO2 emissions. Maritime Policy &
Management, 38(1), 11-37.

Eisen, H. E., Van der Lei, J. E., Zuidema, J., Koch, T., & Dugundji, E. R. (2021).
An Evaluation of First-Come, First-Served Scheduling in a Geometrically-
Constrained Wet Bulk Terminal. Frontiers in Future Transportation, 2,
700822,

Eisenhardt, K.M., (1989). Building theories from case study research. Academy
of management review, 14(4), pp.532-550.

Elbert, R., Pontow, H., & Benlian, A. (2017). The role of inter-organizational
information systems in maritime transport chains. Electronic Markets, 27, 157-

173.

Elbert, R., & Walter, F. (2014). Information flow along the maritime transport
chain-a simulation based approach to determine impacts of estimated time of
arrival messages on the capacity utilization. In Proceedings of the Winter
Simulation Conference 2014 (pp. 1795-1806). IEEE.

Fagerholt, K. Laporte, G., & Norstad, I. (2010). Reducing fuel emissions by
optimizing speed on shipping routes. Journal of the operational research
society, 61, 523-529.

Fedi, L., Lavissiere, A., Russell, D., & Swanson, D. (2019). The facilitating role
of IT systems for legal compliance: The case of port community systems and
container Verified Gross Mass (VGM). InSupply Chain Forum: An
International Journal (Vol. 20, No. 1, pp. 29-42). Taylor & Francis.

Franc, P., & Van der Horst, M. (2010). Understanding hinterland service

integration by shipping lines and terminal operators: a theoretical and empirical
analysis. Journal of transport geography, 18(4), 557-566.

74



References

Fransen, R. W., & Davydenko, I. Y. (2021). Empirical agent-based model
simulation for the port nautical services: A case study for the Port of
Rotterdam. Maritime Transport Research, 2, 100040

Fuentes, G., & Adland, R. (2023). Greenhouse gas mitigation at maritime
chokepoints: The case of the Panama Canal. Transportation Research Part D:
Transport and Environment, 118, p.103694.

Fugate, B., Sahin, F., & Mentzer, J. T. (2006). Supply chain management
coordination mechanisms. Journal of business logistics, 27(2), 129-161.

Galbraith, J. (1973). Designing complex organizations. Reading,
Massachusetts.

Galbraith, J. (1977). Organizing modes: An information processing model.
Organization design. Reading, Massachusetts.

Gammelgaard, B. (2004). Schools in logistics research? A methodological
framework for analysis of the discipline. International Journal of Physical
Distribution & Logistics Management.

Gammelgaard, B. (2023). Systems approaches are still providing new avenues
for research as the foundation of logistics and supply chain management. The
International Journal of Logistics Management, 34(1), 1-4.

Gibbert, M. & Ruigrok, W. (2010). The “what”’and “how”of case study rigor:
Three strategies based on published work. Organizational research
methods, 13(4), pp.710-737.

Gibbs, D., Rigot-Muller, P., Mangan, J., & Lalwani, C. (2014). The role of sea
ports in end-to-end maritime transport chain emissions. Energy Policy, 64,

337-348.

Gumuskaya, V. van Jaarsveld, W. Dijkman, R. Gregen, P., & Veenstra, A. (2020).
A framework for modelling and analyzing coordination challenges in hinterland
transport system. Maritime Economics & Logistics, 22:124-145.

Gundersen, H. Kongva, T. Sverud, T. Eide, M. (2016). EE appraisal tool for IMO

- project report. https://greenvoyage2050.imo.org/wp-
content/uploads/2021/01/Final-EE-Appraisal-Tool-Report.pdf [Accessed
2023-05-18].

Gustafsson, I. (2007). Interaction between transport, infrastructure, and
institutional ~management: Case study of a port community
system. Transportation research record, 2033(1), 14-20.

75



References

Gustavsson, M., & Wainstrom, C. (2009). Assessing information quality in
manufacturing planning and control processes. International Journal of
Quality & Reliability Management, 26(4), 325-340.

Halldérsson, A., & Aastrup, J. (2003). Quality criteria for qualitative inquiries
in logistics. European journal of operational research, 144(2), pp.321-332.

Heilig, L., & Voss, S. (2017). Information systems in seaports: a categorization
and overview. Information Technology Management, 18:179-201.

Imai, A., Nagaiwa, K. 1., & Tat, C. W. (1997). Efficient planning of berth
allocation for container terminals in Asia.Journal of Advanced
transportation, 31(1), 75-94.

Imai, A., Nishimura, E., & Papadimitriou, S. (2001). The dynamic berth
allocation problem for a container port. Transportation Research Part B:
Methodological, 35(4), 401-417.

IMO, 2020. Just-In-Time Arrival Guide — Barriers and Potential Solutions.
International Maritime Organization (IMO), London, UK.

IMO, 2020. Fourth IMO GreeHouse Gas study. International Maritime
Organization (IMO), London, UK.

IMO, 2021. IMO Working Group Agrees Guidelines to Support New GHG
Measures.

https://www.imo.org/en/MediaCentre/PressBriefings/pages/ISWG-GHG-
8.aspx [Accessed 02-06-23].

Irannezhad, E., Hickman, M., and Prato, C.G. (2017). Modelling the efficiency
of Port Community Systems as an agent-based process. Procedia Computer
Science.

Jafarzadeh, S., & Schjelberg, I. (2018). Operational profiles of ships in
Norwegian waters: An activity-based approach to assess the benefits of hybrid
and electric propulsion. Transportation Research Part D: Transport and
Environment, 65, 500-523.

Jia, H., Adland, R., Prakash, V., & Smith, T. (2017). Energy efficiency with the
application of Virtual Arrival policy. Transportation Research Part D:
Transport and Environment, 54, 50-60.

Jiang, B., Haider, J., Li, J., Wang, Y., Yip, T.L. and Wang, Y. (2021). Exploring

the impact of port-centric information integration on port performance: The
case of Qingdao Port. Maritime Policy & Management, 1—26.

76



References

Jimenez, V. J., Kim, H., & Munim, Z. H. (2022). A review of ship energy
efficiency research and directions towards emission reduction in the maritime
industry. Journal of Cleaner Production, 132888.

Jing, D., Dai, L., Hu, H., Ding, W., Wang, Y., & Zhou, X. (2021). CO2 emission
projection for Arctic shipping: A system dynamics approach. Ocean & Coastal
Management, 205, 105531.

Johnson, H., & Styhre, L. (2015). Increased energy efficiency in short sea
shipping through decreased time in port. Transportation Research Part A, 71,
167-178.

Kanda, A., & Deshmukh, S. G. (2008). Supply chain coordination: perspectives,
empirical studies and research directions. International journal of production
Economics, 115(2), 316-335.

Kembro, J., Selviaridis, K., & Naslund, D. (2014). Theoretical perspectives on
information sharing in supply chains: a systematic literature review and
conceptual framework. Supply chain management: An international
journal, 19(5/6), 609-625.

Kontovas, C., & Psaraftis, H. N. (2011). Reduction of emissions along the
maritime intermodal container chain: operational models and
policies. Maritime Policy & Management, 38(4), 451-469.

Kovacs, G., & Spens, K. M. (2005). Abductive reasoning in logistics
research. International journal of physical distribution & logistics
management.

Lambert, D.M. (2019). Rediscovering relevance. The International Journal of
Logistics Management.

Lehoux, N., D’Amours, S., & Langevin, A. (2014). Inter-firm collaborations and
supply chain coordination: review of key elements and case study. Production
Planning & Control, 25(10), 858-872.

Li, R., Zhang, X., Jiang, L., Yang, Z., & Guo, W. (2022). An adaptive heuristic
algorithm based on reinforcement learning for ship scheduling optimization
problem. Ocean & Coastal Management, 230, 106375.

Lind, M. Lehmacher, W. Hoffman, J. Jensen, L. Notteboom, T. Rydbergh, T.
Sand, P. Haraldsson, S. White, R. Becha, H., & Berglund, P. (2021). Improving
a congested maritime supply chain with time slot management for port calls.

Malone, T. W., & Crowston, K. (1994). The interdisciplinary study of
coordination. ACM Computing Surveys (CSUR), 26(1), 87-119.

77



References

Meredith, J. (1998). Building operations management theory through case and
field research. Journal of operations management, 16(4), pp.441-454.

Mintzberg, H. (1989), Mintzberg on Management: Inside Our Strange World of
Organizations, The Free Press, New York, NY.

Mohr, J., & Nevin, J. R. (1990). Communication strategies in marketing
channels: A theoretical perspective. Journal of marketing, 54(4), 36-51.

Myrelid, P., & Jonsson, P. (2019). Determinants of information quality in dyadic
supply chain relationships. The International Journal of Logistics
Management, 30(1), 356-380.

Neagoe, M., Hvolby, H. H., & Turner, P. (2021). Why are we still queuing?
Exploring landside congestion factors in Australian bulk cargo port
terminals. Maritime Transport Research, 2,100036.

Nikghadam, S. Molkeboer, K.F. Tavasszy, L., & Rezaei, J. (2021). Information
sharing to mitigate delays in port: the case of the Port of Rotterdam. Maritime
Economics & Logistics.

Nikghadam, S., Vanga, R., Rezaei, J. & Tavasszy, L., 2023. Cooperation between
vessel service providers in ports: An impact analysis using simulation for the
Port of Rotterdam. Maritime Transport Research, 4, p.100083.

Nilsson, F., & Gammelgaard, B. (2012). Moving beyond the systems approach in
SCM and logistics research. International Journal of Physical Distribution &
Logistics Management, 42(8/9), 764-783.

Nordstad, I., Fagerholt, K., & Laporte, G. (2011). Tramp ship routing and
scheduling with speed optimization. Transportation Research Part C:
Emerging Technologies, 19(5), 853-865.

OECD. 2018. Information Sharing for Efficient Maritime Logistics.
International Transport Forum.

Panayides, P. M., & Song, D. W. (2013). Maritime logistics as an emerging
discipline. Maritime Policy & Management, 40(3), 295-308.

Parola, F., Risitano, M., Ferretti, M., & Panetti, E. (2017). The drivers of port
competitiveness: a critical review. Transport Reviews, 37(1), 116-138.

PortxChange. (2022). Decarbonizing global container shipping through just-in-
time arrivals: first study based on real-time operational data. White paper.

https://port-xchange.com/whitepaper/decarbonizing-global-container-

shipping-through-just-in-time-arrivals/ [accessed 27-03-23]

78



References

Poulsen, R. T., & Sampson, H. (2019). ‘Swinging on the anchor’: the difficulties
in achieving greenhouse gas abatement in shipping via virtual
arrival. Transportation Research Part D: Transport and Environment, 73,
230-244.

Poulsen, R.T., & Sampson, H. (2020). A swift turnaround? Abating shipping
greenhouse gas emissions via port call optimization. Transportation Research
Part D: Transport and Environment, 86, 102460.

Poulsen, R. T., Viktorelius, M., Varvne, H., Rasmussen, H. B., & von Knorring,
H. (2022). Energy efficiency in ship operations-Exploring voyage decisions and
decision-makers. Transportation Research Part D: Transport and
Environment, 102, 103120.

Psaraftis, H.N. (2019). Speed Optimization vs Speed Reduction: the choice
between Speed limits and a Bunker levy. Sustainability, 11, 8, 2249.

Psaraftis, H. N., & Kontovas, C. A. (2013). Speed models for energy-efficient
maritime transportation: A taxonomy and survey. Transportation Research
Part C: Emerging Technologies, 26, 331-351.

Psaraftis, H. N., & Zis, T. (2022). Shipping decarbonization and green
ports. Maritime Transport Research.

Psaraftis, H. N., Zis, T., & Lagouvardou, S. (2021). A comparative evaluation of
market based measures for shipping decarbonization. Maritime Transport
Research, 2,100019

Regeringskansliet. (2023). EU-6verenskommelse om minskad klimatpéverkan
fran  sjofart.  https://www.regeringen.se/pressmeddelanden/2023/03/eu-

overenskommelse-om-minskad-klimatpaverkan-fran-sjofarten/ [accessed 17-

05-2023]

Rehmatulla, N., & Smith, T. (2015). Barriers to energy efficiency in shipping: A
triangulated approach to investigate the principal agent problem. Energy

Policy, 84, 44-57.

Reis, V. (2019). A new theoretical framework for integration in freight transport
chains. Transport Reviews, 39(5), 589-610.

Riksdagen.se. (2019). Atgirder for att minska bristen pa lotsar.
https://www.riksdagen.se/sv/dokument-lagar/dokument/skriftlig-

fraga/atgarder-for-att-minska-bristen-pa-lotsar H611864 [Accessed: 2023-
02-15]

Rodrigue, J. P. (2020). The geography of transport systems. Routledge.

79



References

Runfola, A., Perna, A., Baraldi, E. & Gregori, G.L., (2017). The use of qualitative
case studies in top business and management journals: A quantitative analysis
of recent patterns. European Management Journal, 35(1), pp.116-127.

Rosag, E. (2010) A System for Queuing in Ports. Working paper.
https://papers.ssrn.com/sol3/papers.cfm?abstract id=1697404

Schroer, M., Panagakos, G., & Barfod, M. B. (2022). An evidence-based
assessment of IMO's short-term measures for decarbonizing container
shipping. Journal of Cleaner Production, 363, 132441.

Schwartz, H., Gustafsson, M., & Spohr, J. (2020). Emission abatement in
shipping—is it possible to reduce carbon dioxide emissions profitably?. Journal
of Cleaner Production, 254, 120069.

Schwarz, G. & Stensaker, I. (2014). Time to take off the theoretical straightjacket
and (re-) introduce phenomenon-driven research. The Journal of Applied
Behavioral Science, 50(4), pp.478-501.

Siggelkow, N. (2007). Persuasion with case studies. Academy of management
journal, 50(1), pp.20-24.

Schgyen, H., & Bréthen, S. (2015). Measuring and improving operational energy
efficiency in short sea container shipping. Research in transportation business
& management, 17, 26-35.

Senss, A., Canbulat, O., Uzun, D., Gunbeyaz, S. A., & Turan, O. (2023). Just in
time vessel arrival system for dry bulk carriers. Journal of Shipping and
Trade, 8(1), 12.

Seuring, S., & Miiller, M. (2008). From a literature review to a conceptual
framework for sustainable supply chain management. Journal of cleaner
production, 16(15), 1699-1710.

Shi, Y. (2016). Reducing greenhouse gas emissions from international shipping:
Is it time to consider market-based measures?. Marine Policy, 64, 123-134.

Soroor, J., Tarokh, M. J., & Shemshadi, A. (2009). Theoretical and practical
study of supply chain coordination. Journal of Business & Industrial
Marketing, 24(2), 131-142.

Srinivasan, R., & Swink, M. (2015). Leveraging supply chain integration through

planning comprehensiveness: An organizational information processing theory
perspective. Decision Sciences, 46(5), 823-861.

80



References

Srour, F.J., van Oosterhout, M., Van Baalen, P., and Zuidwijk, R. (2007). Port
Community System Implementation: Lessons Learned from an International
Scan

Sternberg, H. Nyquist, C., & Nilsson, F. (2012). Enhancing security through
efficiency focus — insight from a multiple stakeholder pilot implementation.
Journal of Business Logistics, 33 (1), 63-72.

Stevens, L., Sys, C., Vanelslander, T., & Van Hassel, E. (2015). Is new emission
legislation stimulating the implementation of sustainable and energy-efficient
maritime  technologies?. Research in  transportation  business &
management, 17, 14-25

Stopford, N. (2009). Maritime Economics, 3" edition, Routeledge, London.

Strandenes, S. P. (2004). Port pricing structures and ship efficiency. Review of
Network Economics, 3(2).

Stvilia, B., Gasser, L., Twidale, M. B., & Smith, L. C. (2007). A framework for
information quality assessment.Journal of the American society for
information science and technology, 58(12), 1720-1733.

Svanberg, M., Santén, V., Horteborn, A., Holm, H., & Finnsgard, C. (2019). AIS
in maritime research. Marine Policy, 106, 103520.

Svanberg, M., (2020). Guidelines for establishing practical relevance in logistics
and supply chain management research. International Journal of Physical
Distribution & Logistics Management, 50(2), pp.215-232.

Sun, Q., Meng, Q., & Chou, M. C. (2021). Optimizing voyage charterparty (VCP)
arrangement: Laytime negotiation and operations coordination. European
Journal of Operational Research, 291(1), 263-270

Sung, I., Zografakis, H., & Nielsen, P. (2022). Multi-lateral ocean voyage
optimization for cargo vessels as a decarbonization method. Transportation
Research Part D: Transport and Environment, 110, 103407.

Swedish Maritime Authority. (2019). Digitalt anlop — for en konkurrenskraftig
sjofart. https://www.sjofartsverket.se/sv/om-oss/nyheter-och-
press/nyheter/digitalt-anlop--for-en-konkurrenskraftig-sjofart/ [Accessed
2023-06-21].

Tsamboulas, D., Moraiti, P., and Lekka, M. (2012). Performance evaluation for

implementation of Port Community System. Transportation Research Record:
Journal of the Transportation Research Board.

81



References

Taskar, B., & Andersen, P. (2020). Benefit of speed reduction for ships in
different weather conditions. Transportation Research Part D: Transport and
Environment, 85, 102337.

Thompson, J. D. (1967). Organization in Action. Chicago: McGraw- Hill

Tuomikangas, N., & Kaipia, R. (2014). A coordination framework for sales and
operations planning (S&OP): Synthesis from the literature. International
journal of production economics, 154, 243-262.

UNCTAD. (2020). Digitalizing the port call process. Transport and Trade
facilitation, Series No. 13. United Nation, Geneva.

Unikie. (2021). Port Activity SAAS Sverige — Lansering — Virtual live event.
https://www.unikie.com/sv/event/port-activity-saas-sverige-lansering-
virtual-live-event/ [accessed: 2023-05-22].

United States Environmental Protection Agency. (2021). Port operational
strategies: Virtual Vessel Arrival. Office of transportation and air quality.
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P10119QX.pdf

Vairetti, C., Gonzalez-Ramirez, R. G., Maldonado, S., Alvarez, C., & Vop, S.
(2019). Facilitating conditions for successful adoption of inter-organizational
information systems in seaports. Transportation Research Part A: Policy and
Practice, 130, 333-350.

Van Der Horst, M.R., & De Langen, P.W. (2008). Coordination in Hinterland
Transport Chains: A Major Challenge for the Seaport Community. Maritime
Economics & Logistics, 10: 108-129.

Veenstra, A., & Harmelink, R. (2021). On the quality of ship arrival
predictions. Maritime Economics & Logistics, 1-19.

Veenstra, A. W., & Harmelink, R. L. (2022). Process mining ship arrivals in port:
the case of the Port of Antwerp. Maritime Economics & Logistics, 24(3), 584-
601.

Viet, N. Q., Behdani, B., & Bloemhof, J. (2018). The value of information in
supply chain decisions: A review of the literature and research
agenda. Computers & Industrial Engineering, 120, 68-82.

Viktorelius, M., & Lundh, M. (2019). Energy efficiency at sea: An activity

theoretical perspective on operational energy efficiency in maritime
transport. Energy Research & Social Science, 52, 1-9.

82



References

Voss, C., Tsikriktsis, N., & Frohlich, M., (2002). Case research in operations
management. International  journal of operations &  production
management, 22(2), pp.195-219.

Wang, P. Vogt, J. (2019). Untangling Process Complexity in Logistics Delivery
Services with Unpredictable Service Sequences: A Mixed-Method study of
Chemical Tanker port Calls. Maritime Policy & Management.

Wang, S., Psaraftis, H. N., & Qi, J. (2021). Paradox of international maritime
organization's carbon intensity indicator. Communications in Transportation
Research, 1, 100005.

Weigmans, B. Menger, 1. Behdani, B. van Arem, B. (2018). Communication
between deep sea container terminals and hinterland stakeholders: information
needs and the relevance of information exchange. Maritime Economics &
Logistics, 20: 531-548.

White, P., (2014). How do we relate academic research to current practice and
performance?. Transport reviews, 34(5), pp.559-561.

Wide, p. (2021). Real-time information for disruption management in
intermodal freight transport. PhD thesis, Chalmers

Wide, P. Andersson, D., & Roso, V. (2021). Operational Coordination In
Intermodal Hinterland transport as Support for Managing Operational
Disruptions — An Information processing Perspective. Operations and Supply
Chain Management, Vol.14, No. 4., pp. 507-519.

Winnes, H., Styhre, L., & Fridell, E. (2015). Reducing GHG emissions from ships
in port areas. Research in Transportation Business & Management, 17, 73-82.

Wohlin, C. (2014). Guidelines for snowballing in systematic literature studies
and a replication in software engineering. In Proceedings of the 18th
international conference on evaluation and assessment in software
engineering (pp. 1-10).

Wu, L., Adulyasak, Y., Cordeau, J. F., & Wang, S. (2022). Vessel service planning
in seaports. Operations Research, 70(4), 2032-2053.

Xing, H. Spence, S., & Chen, H. (2020). A comprehensive review on
countermeasures for Co2 emissions from ships. Renewable and Sustainable
Energy Reviews, 134, 110222.

Yan, Z., Xiao, Y., Cheng, L., Chen, S., Zhou, X., Ruan, X., & Ran, B. (2020).

Analysis of global marine oil trade based on automatic identification system
(AIS) data. Journal of Transport Geography, 83, 102637.

83



References

Yan, R., Wang, S., & Psaraftis, H. N. (2021). Data analytics for fuel consumption
management in maritime transportation: Status and
perspectives. Transportation Research Part E: Logistics and Transportation
Review, 155, 102489.

Yang, D., Wu, L., Wang, S., Jia, H., & Li, K. X. (2019). How big data enriches
maritime research—a critical review of Automatic Identification System (AIS)
data applications. Transport Reviews, 39(6), 755-773.

Yildirim, M. S., Aydin, M. M., & Gokkus, U. (2020). Simulation optimization of
the berth allocation in a container terminal with flexible vessel priority
management. Maritime Policy & Management, 47(6), 833-848.

Yu, J. Tang, G. Song, X. Yu, X. Qi, Y. Li, D., & Zhang, Y. (2018). Ship arrival
prediction and its value on daily container terminal operations. Ocean
Engineering, 157, 73-86.

Yu, J., Tang, G., & Song, X. (2022). Collaboration of vessel speed optimization
with berth allocation and quay crane assignment considering vessel service
differentiation. Transportation Research Part E: Logistics and Transportation
Review, 160, 102651.

Yu, J., & VoB, S. (2023). Towards Just-In-Time Arrival for Container Ships by
the Integration of Prediction Models.

Zhang, X., Lin, J., Guo, Z., & Liu, T. (2016). Vessel transportation scheduling
optimization based on channel-berth coordination. Ocean Engineering, 112,
145-152.

Zhang, Q. Wan, Z. Hemmings, B., & Abbasov, F. (2019). Reducing black carbon
emissions from Arctic shipping: Solutions and policy implications. Journal of
cleaner production, 241, 118261

Zudiwijk, R.A., & Veenstra, A.W. (2015). The Value of Information in Container
Transport. Transportation Science, 49(3): 675-685.

84



85






Papers

The papers associated with this thesis have been removed for
copyright reasons. For more details about these see:

https://doi.org/10.3384/97891807532013



https://doi.org/10.3384/9789180753203

APPENDIX 1 BIMCO’S CLAUSES

The Baltic and International Maritime Council (BIMCO) is the largest
international shipping associated with approximately 2 000 members in 130
countries. One of BIMCO’s core services is the standard contracts and clauses
for the maritime industry. Relevant to this thesis, and the implementation of
JIT, BIMCO developed three clauses described below:

Virtual arrival voyage charter clause: in this clause, charterers can request
the vessel owners to instruct the master of the vessel to adjust the speed to meet
a specified time of arrival at destination. The extra time used on the voyage
should be compensated by the charterer to the vessel owner.

Just-in-Time voyage charter clause: This clause is similar the VA clause
about speed adjustment. Though, it is clearly stated that charterers and vessel
owners should make efforts to obtain and share information regarding the vessel
arrival time. The main outcome of this clause is providing a contractual
framework to overcome the current obligation on vessel owners to proceed with
utmost dispatch and without deviations to the port of destination. Overcoming
the obstacle of utmost dispatch is necessary to avoid breaching the usual voyage
charterer obligations. The extra time used on the voyage should be compensated
by the charterer to the vessel owner.

Sea Traffic Management voyage charter clause: Like VA and JIT clauses,
is related to speed adjustment. Moreover, owners and charterers should make
efforts to obtain and share information regarding the arrival time. The
information efforts include, or required by a STM system#, e.g., the arrival time
can be advised by the STM system. The extra time used on the voyage should be
compensated by the charterer to the vessel owner.

4 The STM system is not defined. Though, the interpretation is that it is a PCS to share real-time information
sharing and is related to the MONALISA 1I (https://www.seatrafficmanagement.info/projects/monalisa-2/)
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APPENDIX 2 — INTERVIEW GUIDE

- Open question: Employment, tasks and responsibility during the port call
process.

Paper-2: Cluster-1 — first set of interviews questions:

- What are the reasons behind the implementation of the Port Community
System?
- What is the potential of implementing and utilizing the Port Community
System for the port call process?
- What information is made available in the Port Community System?
o Can you elaborate on the content of information available in the
Port Community System?
o To whom is this information accessible?
- How is this information made available?
o Which information systems are connected to the Port Community
System?
o What is the frequency of updating this information?
- Is there a relation between the Port Community System and better
coordinated arrival of vessels?
o Is the Port Community System related for the implementation of
JIT arrival?
» How isit related?
» Would it streamline the process of utilizing clauses like Just-
in-Time and Virtual Arrival?

Paper-2: Cluster-2 — second set of interview questions:

- When does the port call process start and finish for your operations?
o Can you explain your specific responsibilities you have in the
process?
- What is your information-needs to coordinate the port call process?
o How do you receive/find this information?
o Do you send/forward information to other actors?
=  With who do you share/receive information from?
o What information modalities do you use to send/receive
information?
»  What are your thought on the Port Community Systems?
e Does it satisfy your information needs?
e Have you observed any deficiencies in the Port
Community System?
- Are you satisfied with the current information sharing and quality
procedures at the port?
o If not, what information would you like to have?
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o Do you know why is this information not available?
o Any clear improvement potential that you see with regarding to
information sharing and quality?

Paper-3: Interview questions (based on the main workshop for the
pre-booking policy):

- Can you summarize your thoughts on the pre-booking policy deployed by
the Port of Givle?
o Pros and cons of the policy?

- What potential benefits do you expect to your organization from the pre-
booking policy?
o Discussion of benefits related to
* Fuel and emission reduction by slower speed
» Planning horizon of port call actors providing services
» Information sharing and quality among port call actors

- Canyou elaborate on the “ETA dilemma”?
o Isit possible to satisfy all the involved actors based on their voyage
characteristics?

- Can the quality of information negatively affect the pre-booking policy?
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