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Abstract

TheHong Kong maritime industry is facing severe competition fpamris in thePearl
River Delta (PRD)and throughouAsia. In recent years, its throughput has declined steadily.
The maritime industry, a significant contributorthe Hong Kong economy, must find ways
to remainsustainablén a changingnvironmentThe industry has evolvewith mega vessels,
more cargo alliaces, and a suegin transshipment containers. All tiiis hasresuled in a
complex operating environment for the Hong Kong BekP), which consists of fivdifferent
terminal operators. The new business environment, coupleddiffidghent andindependen
operatorshas led to aritical increase ithe number oftnterTerminal Transfes (ITT), the
movement of a container between tindependenterminals.More ITT mears extra handling
time, increasedurdenonroads and resources, as well as significant charges to shipping lines,

whichin turndirectly jeopardses the competitiveness dKP.

In this paper, we propose a colbsation model to address these challenges. The
optimisation-simulation model assumes thiarminal operators can collaborate and share their
facilities. Using anonthof reattime datafrom theKwai TsingContainerTerminals KTCTS),
we examine the impacf facility sharing on operational efficiency when terminals deal with
transshipmenoperations The results show that the proposed collaboration is promising: (1)
ITT was reducedy 49%, (2) better customerservice could be provided through reduced
waiting timesand cost, (3) potential port chargeould be reduced@dnd (4Xhenegativampact
onthe environmenhear HKP could be reducede conclude by providingegcommendations

for the successful implementation of terminal collaboration.
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1. Introduction

With intense competitiofaced by theglobal maritime industry, we have witnessed
many collaboratiosand alliancein the last two decadégo survive and to compet Asia,
one example is thetatedirectedmerger between Ningbo Port and Zhoushart 8 improve
overall valuewhich wascompleted in Sedpmber2015. The operations of Ningbo, Zhoushan,
Jiaxing, Taizhou and Wenzhou came under a common platform to bring synergies to the ports
in Zhejiang.The Port of NingbéZhoushans nowthe fourth busiest port in the worlBour
international ports in JapafiKobe, Osaka, AmagasakiishinomiyaAshiya combined and
SakatSemboku in OsakaBag ec | ar ed t hemsel ve dated, theemthehi n P o |
major Japanese poiitsTokyo, Yokohama and Kawasakientered into a Basic Agreement of
Collaboration (Hoshina2010).

Therehavealsobeenseveral collaboratigin North America Since thdate 1990sa
series of intergovernmental agreement&ere madebetweerthe Port of Portland (in Oregon)
and the Port of Vancouver (in Washington) to align operatio@snilarly, the Seattle and
Tacoma port commissions umgfl the management of tinamarine cargo terminals and related
functions under a single Seaport Alliance in 2044.an alliance, the two port commissions
manage marine cargo terminal investments @perationsand doplanning and marketing
together, while individudy}, theyretain their existing governance structures and ownership of
assets (Portoftacoma014) In December 2016Mi ami 6 s Sout h Fl ori da Cc¢
and Port of Miami Terminal Opating Company formedn alliance to jointly negotiate, set,
and approve terminal rates, charges, rusesl regulations, as well dke rates of return
between the terminal$lutchins, 2016)In 2015, the two busiest and largest portthmUsS,
the Portof Los Angeles and Long Beacdhegancollaborationtalks. This collaborationvas
approved by the Federal Maritime Commission to prevent congestion and cargo delays
(Gcaptain.com, 2015).

Similarly, E u r o lprgeét porof Rotterdam collaborated withe Port ofAmsterdam
by merging independent port data systems in order to offer customers a broader range of
services. Thgformed one single port community information system serving both operational
and administrative purposes (CNA Staff, 2008). HamIpang also collaborates closely with
ports including Cuxhaven, Brunsbiitel, Glickstadt, as well as with the Baltic Sea pbrts
Libeck and Kiel. These ports act together and market themselvasNasthern European

metropolitan area (Mclaughlin & FearorQ13).



. Policy Research Institute of
REHZRR
SCHOOL OF DECISION SCIENCES

8% 38 8 SUPPLY CHAIN

HANG SENG MANAGEMENT COLLEGE

1.1 Benefits of Collaboration

In the past, adjacent pontasni ndependent | vy, competing for
Horizontal collaboration diico-opetitiond relationshig did not exisuntil thelate 1990s,when
such aco-operative concept was proposed (UNCTAD, 1996; Juhel (2B00)s were expected
to adapt themselves to a flexible traffic distribution pattern through several port outlets.
Strategic alliances between adjacent container potésias a countestratege option against
their counterparts in shipping lings, orderto survive the increasig competitive business
environment (Avery2000).Port ceopetition can result in stronger bargaining power against
government policies, investment barriers, megmiers and shipping alliances (Song, 2010).
Co-opetition was proposed by Noorda (1993jneaning a mixture of competition and-co
operationi who argued thathose engaged in the same or similar markets should consider a
win-win strategy, rather thanwin-lose one. Song2003 further expandedhe concept by
identifying five motivations (strategic, financial, economic, operational and markdting)
such a stratgg To attain benefitsadjacent port operators showddtablish partnerships at
various leels, including commercial branding and marketing, coordinating rates, operations,
value sharingand joint governancd&.heyshouldmake decisiosby consensusiccording to
Song(2003)and Hoshind2010) port collaborations haveesulted insignificant baefits to

the port operators, such as:

1. Formation of a largscale port with expanded capability to capture more business. This
is welcomed by alliances with many mega vessels. For example, about a year after
integration, NingbeZ h o u s h an p o ranspastati@anonrtanreagennereasetl by
more than 30% and attracted eight new rou
2016).

2. Reduce cost and increase efficieratythe collaborated port. Shippers and shipping
companies compare the cost and efficiency of operation betweeametgltbourports
and select a port of call. Collaboraticgduce the chance o damagingratecutting
war among terminal operators to attraasiness from the powerful carrier alliances.

3. Improve the ability to deploy efficient and critical infrastructurhis is important to
attract largescalecontainerships.

4. Share port facilities to increase flexibility and wlion. They also jointly deslop and

deploy container handling equipment and technologies.
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5. Invest at a regional level to better meet customer needs and demands. This enhances
customer service.

6. Revise the work process to eliminate n@lue-added activitiesthereby reducingort
and harbourcosts.

7. Reduce port andarbourcharges and provide better customer service to attract carriers.
They share information with customers through a single portalesitlgpen a single
window to deal with documentation.

8. Market as one paradministered by a marketing committee.

9. Unify and simplify procedures necessary for the use of any port in the alliance.

10.Consolidate and increasige bargaining powenf different ports through the creation
of large, single entitieexpand business scogiebally andmprovegovernmenrules
and regulations to facilitate sustainable business development.

ThePRDin South China, which comprisésethree majoports of Guangzhou, Hong
Kong and Shenzhemnvas suggestedor co-opetitionby Song @003. The premise of port
complementarity and competitiamasinvestigated by Lam & Yap (2011)heyargued that
the decision by liner services to call at particular pedsld be influenced by the joint
competitive offering of a group of portstine PRD, ingead of one individual entity. Wang et
al. (2012)further proposeda game theory moddbr the regional port cluster concept wih
division of responsibilitieor cargo flows between Hong Kong and other PRD partshort
port authorities, port operatand other stakeholders should explore opportunities that could

be capitalised via complementary relationships between ports.

However, none of these studies calculated the actual benefitoncrete wayin fact,
these benefitsambe measured in terms of cost, efficiency, sdtion, flexibility, process flow
et c. To increase port operatorsd confidence
explicitly. In this report, we propose a facility sharing system, which comprisgstiamsation
model and a simulation mode to measure the benefits of port facility shawe.conduct
explicit experiments, based on rdié¢ data to conduct scenario anassin this study, we
model the integration derminalsat Kwai Chung and Ts@qYi, which is currently operated
by five different operators. In the future, suehmodel could be extended to model the
integration of adjacent ports in the region. In the next section, an overvi¢diRat presented.

The major challenges are discussedbection3. It is followed by the design of the facility



. Policy Research Institute of
REHBRR
SCHOOL OF DECISION SCIENCES

BEEEEER

HANG SENG MANAGEMENT COLLEGE SUPPLY CHAIN

sharing system, as well as the simulation results. Finally, managerial insights are identified,

andaconclusion is presented.

2.Overview of HKP

Hong Kong has a long maritime history, with thévantages of a natural harbour, a
free economy and a strategic locatidrhese strengths have contributed to Hong Kong
becomingone of the major shipping hubs and a thriving container port in the Asia Pacific
region.In the1990s, ports in mainland Chih@gan to take offPorts inthe PRD have rapidly
developed over the past decade, posing significant challeng&™orhe throughput growth
of nearby ports demonstrateapid development which has outstrippgbdt of Hong Kong.
Once the world's busiest port, Hong Kong lost its top position in 2005 to Singapore. It has
subsequently slipped further behind the-fsiwing ports of Shanghai and Shenzbgarthe
past decaddn 2017,Hong Kongwasrankedthew o r [filihdbsisiest por{Figure 1) with
Guangzhou close behindong Kong wasonthe one handup against rivals frothe PRDas
they all shared a similar cargo hinterland, and on the ,otloenpeting with Singapore for
transshipmentargo.AlthoughtheHong Kong and Singapoperts are botlocated inamulti-
port regionwith well-developed economiesnd that theyprocessed similar throughput

volumesin the 2000s therespectivegrowth of these portsave takerifferentdirectiors.

‘000 TEUs Container Ports Throughput (20042017)
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Figure 1. Container Ports Throughput (2ZB17)
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Recently, there have been suggesithat Hong Kong should close the maritime port,
give up the maritime industry and focus on developing démtigrowing industriesThese
views underestimate the economic contributioth@maritime industryln 2015, hemaritime
and port industrgontributel 1.3% (HK$2bi | | i on) of Hong Kongbs Gr
(GDP) anddirectly employed8,000employees (2.3%f total employment(Transport and
Housing Bureau, 2017)n comparison, the maritime industry in Singapore employed more
than 170,000 people and contributésbd f t he ¢ o ywob,r2§18)sThe @GduRl
economic impactontributedby the maritime industryshould go beyond these figuresas
economic value shouldsa include indirect and induced employnsemtdirect employment
includes ship repairs, insuranad shippingrelated financial and legal servicdaduced
impact refersd the employment and income generated by the spending of income by the direct
and indirect employees on local goods and services. Althoughatesme concrete figure
from the Hong KongGovernmentwe canreference studies e Hong Kongnternational
Airport andthe EuropeanUnion (EU). According tothe Hong Kong International Airport
Master Plan 2030 (2011), each dirpttat the airport generated around 2 indirect and induced
jobsin 2008 Within the EU, every direct jodrom the shipping industry ieatel 2.8 jobs in
indirectandinduced sectordn terms of GDPg v er y U df GBR ffointheoshipping
industrycreatela n ot h e r  Uoflindiect and induced GD® the economyGoodwin,
2016) Using ths estimag, the total economic impact fahe maritime and port industrin
Hong Kongcan be as large as@000 employeesiith 1 direct jobs creatg 2.4 indirect jobs),
and HK$75 billion, whichs equal to7.8% o f t h emptoyment énd 3% of its GDP.
These valuebave not yet taken into account upstream and downstream parties involved in the
sea freight logistics, such as cross border trucking, warehgasidgradingetc. The trading
and logistics industry ranks first among the four key economiarpithf Hong Kongwhich
accounedf or 20% of Hong Ko itsgolakem@oyrenta20kb.In3Hort, 4 % o f
closing down the maritimgort will affect the income of over 300,000 families, addng
K o n gsDPsmay drop significantly in the firstfewgesa f t er t he.lgHongKag c | os

prepared fosuch amajor transformation?

In view ofthe importance off o n g  Kraritigné industry in the yeate comeit is
clear thatthe HKP must stay competitiveln the following pageswe identify the recent

challenges faced by the industry.
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3. Recent Challenges faced biKP
3.1 Transshipment isthe dominating business

Today, HKP is an international transshipment hubith international transshipment
accounting foi71.2% of total throughpuin 2017, upfrom 41.6% in the early 200@&igure 2)
According to theStudy on the Strategic Development Plan for Hong Kong Port g8
Asia Pacific, 2014)the upward trend is expected to continiansshipment is expected to
reach24 million TEUs (i.e.75% of total throughpytby 2030 However,Hong Kong faces
challenges in terms of hardware and software facilitiesaasshipment requires container
terminals to handle a large number of ocgamg vessel calls whalefficiently transferring
containers betweeterminals. Yet, the port and terminals at HKP were built in the 1970s to

mainly handle direct shipments.

HK Throughput of Laden Containers by Discharged and Loaded
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Figure 2. HK Throughput of Laden Containers by Discharged and LoadedZ2Q@)D
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3.2Challenges from Carrier Alliances

In the past fewyears, carriers have struggled witie slower than expected global
growth in internationashipping, overcapacity, and low freight ra(@iNCTAD, 2017) To
counter huge financial losses, carriers haveed tdargerallianceso help their bottom lines,
namely byworking together, sharing shipsaximsing efficiency and minimsing costsWith
effect from April 2017, three new major shipping allianseseformed:2M Alliance: Maersk,
MSC, HMM; THE Alliance: Yang Ming, Hapagd-loyd (with UASC), and ONE & new joint
venture betweeNYK, MOL and K Line inApril 2018); andOcean Alliance CMA CGM,
Evergreen, OOCL, COSCO Shipping

The three alliances represent 77.2% of global container capacitysampresing96%
of all EastWest tradeThe alliance reshuffle hdgad animpact on portsThe allianceave
reducel operating costgesuling in fewer but larger vessels, and the vessel calls are occurring
at fewer terminalsThe Port of Singapore iset to benefit the magstvhile Hong Kong will
suffer the mostiContainers.com, 2017pf the 29 AsiaEurope services prowd by the three
groupings, the &t of Singapore will attractkevenmoreweekly calls to 34 weekly callsin
contrast Hong Kong wil losefive calls, with only seven weekly calls of northern European
loops and three weekly calls of Mediterranean lodpsyn fromtenand five callgreviously
(Baker, 2017)

Carrier alliances have put extra strain on ports. Multiple carriers combining their cargo
loads on single ships meati&at ports have to deal with much higher quantities of shipping
containers at onc&Vhile ocean carriers are consolidating into largaamdes, it also means
the overall customer volumes are getting larger with more sophisticated operational
requirementsThis also means moteansshipmenservices are needed at each hub terminal.
To fully utilise the vessel, alliances preferdonsolidate shipments with similar destinaon

in one single vesserhis has creatkcongestiorat the portgVineyard, 2016)

Moreover,containevessels have grown considerably in size over the past two decades.
In 1995, the largest container shipdha capacity of about 5,000 TEUToday,manyhave
grown to18,000TEUs, and vessels with a capacity of more than 20,000 sTéduneinto
operation in 201 {Alphaliner, 2017) The deployment of mega vessels, however, presents
physical and operational challenges ports. A vessel has to be fully loaded to gain the

maximum benefits of economies of scale and thus, whichever pasestit would expect
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speedy container handginFor example, prt draught, berthing on arrival, sufficient berthing
space, outreach of quay cranas, well asyard productivity and efficiency to support the

loading and unloadingf containersare important factors f@nalliancewhen choosing pot.

The average container dwell timd-#H#{P ranges fron8 to5 days.However, the shortest
transshipmensgervice time discharging from origin vessel to loadingto destination vessel)
can beaup to12 hoursThe increase in transshipment cargo and concentration of vedd&IB at
have thereforew@ f ur t her pressure on the terminal so
aggravating port congestiofhe utilisation rate oHKP rosefrom 75.5% in 2005 to 89.2% in
2014(THB, 2019. On the other hand, the short service time requiremengiesshipmentas
imposed pressure on the terminal operators. The process isnewecomplicated whera

container is required to lhensferrecacross different terminals.

3.3Intensified Competition among Portsin Asia

a. Terminal Handling Charge

Price is a differentiating factor for carriers when choosing a port for transshipment.
When a carrier berths at Hong Kong, a charge known as the Container Handling Charge (CHC)
will be levied by the terminals onto the carrier for the service of loadingptfiiner from the
ship onto the ground and vice versa. Although CHC will be passed from carriers onto shippers
as part of a lump sum of handling fees called Terminal Handling Charges (THC), CHC rates
remain competitive as there are multiple terminal afoes at the HKP.

Naturally, carriers and shippers prefer |
currently at the rate of HK$2,140, igp to 50% more than its nearby major competitors (i.e.
Shenzhen and Singapore), according to the study by the Regeffice of the Legislative
Council Secretariat in 2017.

Operations at HKP incurred additional ITT charges as containers need to be moved
between different terminals operated by various terminal operators. The increase of ITT is also
a result of collaborato n bet ween carrier alliances. T

competitiveness will be detailed in section 3.4.

10
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b. Port Service Calls

Another key factothatdefines anaritime hub is connectivitydKP serves330 weekly
carriersto some 470 destinations worldwide. However, such figures have decreased by 30%
compared tdhe year 2000Singapore, on the other handsladout 200servicesailings with
links to more than 600 portShenzherhad only 35 weekly liner services back id0P but
today provides226 weekly service to major ports worldwide. Similarlythe Port of
Guangzhou has attracted 74 new services over 3 gadrby the end d2017, ha 197 liner
servicesas well asover 160 domestic barge servic&gese figures showhat whiledemand

for Asian port servicedias been on the ris¢he same cannot be said foKP services.
c. Capacity Constraints

To facilitatetransshipmentcontainer terminals neetifficient berth and yard areto
quickly discharge and load containeas well as temporary storaggacs to avoidextensive
drayageHo we v er , H KTICTs hadesmatjadaseas dedicated for such usenpared

with what is available asther South Asian terminals.

In total, KTCTs have 24 berths and a total yard are€2@® haShenzheras41 berths
anda total of792 hawhich span®ver5 areas Guangzhou has 16 berths &#8h a . HKPOs
majortransshipmentompetitor the Port of Singapore, h&¥ berthandover 700 hgardarea
which spansover four areas.Singaporeis planning toconsolidate all the ports to Tuas

Megaport by 2040aimingto handle up to 65 million TEU every year.

Insufficientyard areaaffectthe productivity and efficiency of terminal operatiohke
land shortage in Hong Kong has resulie@ongestiorof the yard stacking areas even when
only 60% of the quay is occupied, and tbsueoften hits critical levels during peak periods
when 85% of the quay is occupi@dKCTOA, 2014. This limitation also severely impacts
KTCTsbability to mairtain acceptable vessel, barge and truck turnaround tioméng peak
periods.The impact of limited space on productivity is evident wtierthroughput of HKP is
compared tahat ofthe Port of Singapore (Figure .3)

11
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HKP Throughput vs Port of Singapore Throughput (20122017)
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Figure 3. Singapore and Hong Ko@gntainerThroughput (20122017).

3.4Current Proceduresin Handling Inter-Terminal Transshipment

In Hong Kongthere ara@nincreasing number ohega vessels caing containers from
multiple liners, each with separate contracts with different terminal oper&®o&Ts are
operated byive different terminal operators: ACTHT, DPW, HIT & MTL (Figure 4). As
the HKP is operated by multiple terminal operattnere has been an increase in the number
of inter-terminal trucking duringoperationsat the HKP. For example, if a container is
discharged aterminal4 (T4), and later loaded onto another vesdésbat T4, the operation
and planning will be controlled within the same zone and it is relatively sirhjgdeever, if a
container is discharged at T4, dater loaded onto another vessel berthingeaminall (T1),
which is operated by another terminal operator, extra operatitirge required with charges

incurred for thecarriers (Figuré).

12
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Terminal operators will charge lineasITT handling feeHKP is the only port in Asia
that leviessucha chargeon shipping linesAll other major ports in Asia, such as Singapore,
Shenzhen and Shanghaige operated by one operator @oguch charge arenot applicable.

In recent years, among 17 million anndd@Us, which equalsabout 15%of containers

required ITT. There is also an increasingtreoddTTdue t o changessin carr

ITT charges are anextra burden for carrierspting for HKP asa transshipmenhub.
This further reduces the competitiveness of HKIB the carrier alliances perform many
transshipmenoperations. Beside$[ T creates a lot of undartilisation and extra operations
in thealreadycongested terminals. Due to the independent planning and operatiofeardif
terminal operators, they face uneven usage of facilities and land. When several mega vessels
arriveduring the sameeriod, thevesselaiting and turnaround timmust be extended. This
affectsHKPO6s ef f i ci éatkeoparrival rate vegseli waigng timeand yard
productivity. In addition, high ITT means a lot of drayage at the yatd,many trips required
to move containers between terminals. Many trucks are required to condeocbaé
marshalling which worsesthe highly congesteldwai Chung and Tsing Yioad networknot
to mention carbon and pollutants emitted during these Aip=ording to the data we collected
from operatorspn average, there arelB0 ITT trips on the road netwodvery dayCan ITT
be avoided or reducedPhe answer is yes, provided that the operators at the HKP can

collaborate, plan and share the berth and yard together.

4. TheProposed Wllaboration Model
4.1 Literature Review

Container terminals are under presdoreptimise efficiencyespeciallyathubs where
largetransshipmenorders needb be handled imshort periodf time (Jin et al. 2015; Fan et
al. 2012; Paul and Maloni 2013)jo stay competitive, terminal operatdrave been looking
for decades foeffective approaches to maintain higperatioml efficiency (Vis and Koster
2003).Comprehensive reviewsn relevant studiesan be referred to Steenken et al. (2004),
Stahlbock and Voss (2008), and Bierwirth and Meisel (2010).

In this study, the focus lies otransshipment hubperationsand specifically, on the
concept of the berth and yard templates in determining container flow in transshipment hubs

whichwas introduced by Moorthy and Teo (2006). They designed a sequence pair approach to

14
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pack the vessels in berths with a fixed handtinge and proposed an annealing heuristic to
minimise the total expected delays and connectivity cost between the berthing podigens.

et al. (2012proposech multiterminal systenand pointedut the complexity of handling the
resources and operations. They also explained the uniqueness and differences between
traditional single terminal and mulirminals managementhe most important operational
issuewas ITT as itinduces a large operatiahcost. They developed awo-level heuristic
algorithm to minimse the total inteterminal and intraerminal handlingchargesnduced by
transshipment flowOther elevantwork was done by Zhen et al. (2011). They undertook a
comprehensive study, whiadovered both the berth and yard template to decide where and
when the vessel should be moored, how mgugy crans and which sublocks should be
assigned to each vessel at a tactical level. To solve this highly related and complicated berth
and yard inegrated template planning, they formulated a Mixed Integer Linear Programming
(MILP) for Berth Assignment Problem (BAP) and Quay Crane Assignment (QCA), and
another model for the Yard Storage Assignment (YSA). Later, Jin et al. (2015) proposed a
columngereratiorbasedapproacho solve the problenThey extended thgroblemscope and
simultaneously ddia with three interrelated decisions, including i) assigning preferred
berthing positions, ii) determining service time for cyclically visiting vesselsijiaatlocating

storage yard space to the transshipment flow. Tdimedto minimise the total container

movement distance.

Recently, Ma et al. (2017) extended the works of Zhen et al. (2011) by further
considering practical constraints, whialere the discontinuif issues in berth layoufhey
successfully pointed out that disregarding this issue maytteadriously low berth space
utilisation. In order to model the discontinuities and solve the problem, they developed a MILP
with a Guided Neighturhood Search heuristics.

By combining the contributions of the previously mentioned prominent researchers in
the field, we propose a twstage methodologgomprisng optimisation and simulation to
implementa facility sharing system. Such methodologyshaeen successfully applied in
various operation planning situations, such as service network design (Cheung, Leung & Wong,
2001; Cheung, Leung & Tam 2005), airfreight planning (Wan et. al., 2010; Leung et al., 2013;
Leung et al., 2017).

15
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4.2 Problem Description

Currently, KTCTs consists ofine container terminals witlive major individual
terminal operators named, ACT, CHT, DPW, HIT and MTL as shown in FigurEvéry
operator operates individually with limited collaboration except formanagemenetween
ACT, CHT and HIThas beerimplementedsince 2017. Usually, customers (i.e. incoming
vessels) are served theird6 h o me rdpardlesaf hansshipment arrangementsie home
berth idea is when vessels are assigned a berth locatedcantracted terminagnd will be
serviced by the same t er miberthd, dases,fyds ecticIucht i e s
practice createmanylTTs. We aim to improve the efficiency of KTGHuring transshipment

by reducing the burden indwtéy the existindhome bertlconcept

4.3 Problem Modelling

To optimise efficienciesterminalsshould collaborate on infrastructures and computer
systems to achieve direct operations (without ITT procedures) for transshipwiemisopose
a Collaboration Model, which consists of twaarts as illustrated in Figure &he first part
consists ofhe alliance berth zone allocation, and the seconapasists othe berth allocation.

Zone Allocation

: Berth Allocation \
- Alliance Volun Facility Sharing

- Zone capacity | - Vessel size, schedule,  [SLUEIENEN
unload and load volume

(Quarterly) 1ability of berth - ITT Status
- Availa |.|ty of bert - Handling Time
- Transshipment dependen -
- Heuristics

(Daily / Weekly)

Figure6. Outline of theProblem.

For the berth allocatiorwe divide the terminal into a set of alliance berth zpaad
each alliance berth zone consists of a number of berth sections. A berth section belongs to
which alliance berth zone is denoted by binary input variables. Every section can berth more
thanone vessel depending on its length, denoting the starting point and ending point of the

berth section. Given a set of vessels in the total planning hoeaoh vessel is defined by a
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given turnaroundime interval, and a given vessel lengMoreover, anumber of effective

guay cranes (QC) will be pussigned to each vessel.

Theobjective of the modes$ to determine the allocation of vessels to berths so that the
total operating cost can be minsed. The total cost consists of the total berthing eost,the

total ITT cost.The problem is subjeetito the following constraints and considerations:

1. Forthe vessel assignment, each vessel will be assigned to abetitinonce.

2. Forberthing conditior, berth length is a critical factovhena vesseld assigned
to a berth, thermustbe sufficient space for berthing. 8ths each vessel can berth
at any feasible arbitrary point of its assigned berth seuatitmsufficientlength.

3. The handling time required by each vesseldetermined bythe numberof
effective QG being assignedThe vessel handling time can be calculated by
dividing its total number of containers by the number of effective QCs pre
assigned multipéd bythe QC productivity.

4. The completion time of each vessmjuals the sum oits berthing timeand
handling time.

5. The berthing and completion time of each vessel must be within its feasible
turnaround time intervdb ensure service quality

6. Each vessel must not wait more than the maximum waiting time limit.

7. No vessels will be aggined to the same berthing positiarthe same time period.

4.4 Methodology

Our proposed modetonsists of two stagesStage 1 dealwith the allocation of

alliances to zones, while Stage 2 deals with the berth allocation proffieyuee 7.

Stage 1 Alliance Berth ZoneAllocation

To determine how to allocate differeadtiancesto different zonesthe model needs to
minimise the total cost penalties of the overflowing containers and customers in berth zones.
First,the modemakessure that each alliance will be assigned to a zone once. Séasilires
that the maximum handling capacity of each berth will not be violatesl.the number of
combinationsvasvery smallfor this casgea total ofnine combinationswe appied try-and

error to test different combinations.
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Stage 4 Berth Allocation

Based on the solution obtained in Stage 1, wei@gpkuristic rules to deal with the
berth allocation problems&lnderthecollaborationapproachthe vessel arrivingill be mainly
assigned tthedesired alliance berth zone found in Stage 1. Given a set of vessels in sequence,

a berth is allocated to the vessel by the following two heuristic rules:

H1: Transshipment volumé&or vessels witlransshipment volume over a predefined
threshold they will be assigned tthe largest transshipment zone instead of their

desiredallianceberth zone.

H2: Waiting time.To avoid vessels waiitg over a certairperiodto maintain service
quality.

Stage 1 I n _QRaltameters
1 Alliances

Alliance Berth Zone Allocation Model i<-| 1 Berth zones

1 Quarterly volume and
demands of the alliance

Stage 2 1 Max. handling capacity of the

Berth Allocflation ApproW

Terminal Layout Parameters:
Berth length
S

=TT

Vessel Sequence
R

Vessel Parameters:

9] Desired alliance berth
zone —

9 Length

9 Expected turnaround time|

9 Connections and the
transshipment volume

9 Handling time

Heuristics Parameters:
9 Transshipment volume
£ threshold (TS) for H1
9 Maximum waiting time
threshold (W) for H2

Yeg -

H2: Waiting time <

Assign to the Assign any
available berth in the available berth

desired berth zone

Figure7. Outline of theProposedlwo-StageMethodology
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5. Simulation and Results

In this section,we test and demonstrate the significance and benefits of the
collaboration concept to the Hong Kong container termimaddistry A number of simulation
experimentsvere conducted, withhe proposederminalzonelayout Figure § in which the
capacity of Zone 1, Zone 2, and Zone 3 are 6 bertBgd@in), ¥ berths (4467m), andour
berths (1387m) respectivelyThe majority of the data used in the experimentasweal

historical data collected from major terminal operators, whilst thevergtestimatiors.

L%

Figure 8. Outline of th&tudiedContainerTerminalLayout

5.1 Simulation Setup

The experiment consists mihecontainer terminals. Altogeth#rereare 24 berths with
length ranging fron277m to 472mWe conduad the experiments by usingnemonth of
historical data in 2017. We divided the data iatwarmup period anditesting period. Data
in the first week was used for the waup period. For the tesity data, thenine container
terminals hd a total of 609 arriving vessels covered 114,681 transshipment moves. To conduct
a comprehensive analgswe creatd six scenarios 11 S6) representing differentessel
demandss follows:
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S1:. Average scenarigsimulatal the real existing environmerithe vessel arrivals

and transshipmesitverebased on the existing historical data.

S2: High container volume scenaricsimulatel the peak situation which was

expected to be busier th&iby 25%.The number of coainerscarriedby each vessel

wasprojected upy 25% of theactualdata.

S3: Low containervolume scenaricimulatel the low seasonWe reducd the

number of containersn each vessdly 25%of the actual data

S4:  Extremdy highcontainervolume scenarisimulatel an extremeligh-volume

situation.We increase the number of containers on each vessel by 50%.

S5: Extremdy low container volume scenaricsimulatel an extremely severe

situation, such as econonuidses We reducd the numbebof containers on each vessel
by 50%.

S6: High vessel numbescenariosimulatel a peak situatiorwhen HKP attracts a

lot of vessel callingsThe number of vessalrivalswas increasely 50% based on the

existing data.

To compare and demonstrate the significances and benefitscolldt@orationconcept,

we desigedtwo operations approache&) and A2) for comparison:

Al: AL:Exi sting approach (fAwithout coll abor
practice, in which ACT, CH&nd HIT areunder cemanagement strategyhé&refore
ITT between T4, T6, T7, TBW and T8E are eliminated, while the rest ternaitaix

the current Home Berth concept which requires ITT.

A2: Awith Collaboratiomapproach simulates tly@alof the proposedollaboration
concept.Yet, due to geographical restriction, wesumd that ITT can only be fully

replaced by direct operatioisthese fougroups:

1 Group 1.T4, T6, T7, T8W and T8E
1 Group 2:T1, T2, T3and 5

1 Group 3:T3, T4, T6 and T7

1 Group 4T9Sand TN
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In addition, we assume that orfi)% of ITTs can be replaced by direct operations
between Group 5t4, T6, T7 andGroup 6:T1, T2, TG

We set the thresholds of transshipment voluir® {0 be 100moves andvaiting time
(W) to befour hours.Regarding the settingf the alliance zonesve putAlliance Ainto Zone
1, Alliance Binto Zone 2, andAlliance Cinto Zone 3 according to theontainer volume
distribution(Figure 9.

Volume Distribution Between Alliances

Alliance C,14%

Al A 3106 Alliance B,55%
iance A, 31%

Figure 9. VolumeDistribution of ContainerBetweenAlliances

5.2 Experiment - Studies of @llaboration Concept

We conduatd simulations bycomparingthe two approache¢Al and A2) in the six
scenarioS1i S6). As a resultthere werea total of 12 instances. The simulation results are
summarisedn Tablel. In general, the total number of ITiiduced the cost requiredas well
as thetotal amount of carbon emissmim A2 were significantlyjower than those in AIThis
provesthat the concept afollaborationcan significantlyreduce the total number of ITT
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Tableli Performance Metrics Summary

Al - Without A2 - With Improvement With
Collaboration Collaboration Collaboration
Improvement Imorovemait
3-week 1 3-week atl-year P
; : -year ; : 1-year : ; atl-year
simulation . X simulation . . stimulation . ;
period estimation period estimation (in absolute stlmglatlon
figures) ()
ITT S1 | 33,894 | 589,110( 17,149 | 298,066| -291,044 -49%
S2 | 39,288 | 682,863 21,601 | 375,446 -307,417 -45%
é?‘r*nrgfjg;) S3 | 23274 | 404524 11412 | 198.351| 206173 | -51%
S4 | 48,130 | 836,545 28,726 | 499,285 -337,260 -40%
S5 | 15,815 | 274,880 7,489 | 130,166 -144,714 -53%
S6 | 32,293 | 561,283 20,820 | 361,871 -199,412 -36%
Charges | S1 10.2 177 5.1 89 -88 -49%
(HK$ ] ]
000,000) S2 11.8 205 6.5 113 92 45%
S3 7 121 3.4 60 -61 -51%
S4 14.4 251 8.6 150 -101 -40%
S5 4.7 82 2.2 39 -43 -53%
S6 9.7 168 6.2 109 -59 -36%
Environ- | o1 | g7 115% 399 6,940 4,655 -40%
ment
CO. s2 | 719 12,500 | 514 8,934 -3,566 29%
emiIssIors
6000 S3 446 7,757 261 4,538 -3,219 -41%
S4 928 16,134 692 12,020 -4,114 -25%
S5 304 5,289 170 2,957 -2,332 -44%
S6 622 10,816 496 8,629 -2,187 -20%

Analysisof ITT Performance

Figure 1@a) and 10(bshows that the improvememt ITT reductionby usingA2 is
very stableacross different scenario$his demonstrates th#te high total number of TS
induced in Al along S1 to S@asnot inducedby the quantity of the vessels. Rather, it is

affected by thexistinghome bertlpractice

High ITT does not only affect individual terminal operations efficiency,dbsthe
competitiveness of the Hong Kong container terminal inglu§ine average operation time

spent on one ITT is more than half an hour, which involves the extra movemauctmbdiner
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from the yard side to the exit of the terminal, then fronettigto theentrance of the transferred
terminal, and lastly from the entrance of the transferred terminal to its yar¢{Fsigdee 5)
Comparing A2andAl in S1, theravere16,745instance$33,894movesi 17,149movesg of
unnecessary ITT movements in the currengitess volumeThe annual estimates of the
unnecessaryT T roundtrip movements ar@91,044 If the business volume increasa the

future, i.e. in S2, and S4, the number of unnecessary ITT movemenssingd#up to 17,687
instances(39,288 movesi 21,601 moveg, and 19,404instanceg48,130movesi 28,726

moveg respectively. One can easily conclude that a lot of valuable resources and maspower
wasted on these unnecessary movements. Simplifying the current practice to shorten the
transshipmentime can definitely increase efficiency, release more resources for otlser use

and consequently increase the competitiveness of the whole yndustr

Environmental Performance-{(@eek simulation period)
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Figure 1@a).ITT Performancé3-week simulation period)

23



. Policy Research Institute of
REHBRR
SCHOOL OF DECISION SCIENCES

BEEEEER

HANG SENG MANAGEMENT COLLEGE SUPPLY CHAIN

Environmental Performance-ffar estimation)
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Figure 10(b). ITT Performancél-year estimation)

Analysisof CostPerformance

As mentioned above, the total number of ITT can be reduced significantly by the
proposedcollaboration concepSuchareduction also implies a great amount of cost saving.
Undercurrent practice, thehargesincurred by ITTis transferredo thelinersdirectly. This
definitely negatively affectdhe competitiveness of the KCTCBhe averagehargeof one
containedTT is aboutHK $300. In the existing approache.Al, it involves a total of 33,894
ITT moves in S1. Thigranslates ta total of HK$10.2M inducedon unnecessary movements
in threeweeks which is equivalent to about HK%77/M annually. Under the collaboration
approach, the total number of ITT moves was only 17,149 times, which was 49% lower than
the dvithout collaboratiobapproachlf the number of containers to be handled is high, such
as in S4 it costsa substantial sunof money, HK$14.4M in threeweeks In contrastfor the
collaborationapproachthe total number of ITT movegasonly 28,726 times, whictvas40%
lower thanthe vithout collaboratioBapproachThishelps the shippers save about HEBMV
($14.41 7 $8.6M) in threeweeks and abouHK$ 101M ($251M i $150M) in a year Even in
the economic downturn scenaf®5), the savingcan still be aboutlK$ 4.3Vl annually

Analysisof EnvironmentaPerformance

Thecollaborationapproacttanhelp theenvironmenby reducing th@mount of carbon
emissiors from unnecessary ITT moveR.is known that for eachtre of diesel burnt, there
will be 2.68 kg of carbon emissiarnCurrently, diesel consumption for eddglometreis about

0.94L/km. Accordingly, we can calculate the t@mlountof carbon emissiain each scenario
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above based on the distance between every terminal. From$id(aand 11()we can see

that the total amount of carbon emisssors reduced inevery scenario. The greatest
improvemenwasobtained in S5 witla 44% reductionWhen the total number of containers
handled is reduced by 50%, more vessels can be berthed at their target berth, which means ITT
can be minimsed. Evenwhensome cannot be berthed at their target berth, the proposed A2
approach direstthem to berth within the alliance zone, whigbuld minimisethe travelling
distance when ITTs involved.This demonstrates the significancetwgcollaboration concept

to environmental protection in Hong Kong, which aligns with the Hong Kong Goverénsent

initiative onredudng carbon emissian

Environmental Performance (3-week simulation period)
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Figure 118). Environmental Performance-(@ek simulation period)
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Environmental Performance (1-year estimation)
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Figure 11(b). Environmental Performanceyéar estimation)

Analysisof Traffic Congestion

As shown in Figure 5, ITT involvesxtraoperations, including moving the container
from the arrival berth to its yard by an internal truck, then moving from the yard to the departure
terminal 6s yard by an external truckyet and
another internal trdc ITT involves much more travelling which may induce traffic congestion
inside and outsidthe terminals. One can see in Tabjeccording to the existing situatias
in S1, there were 1B45 unnecessary ITT movel.was estimated that the total numbéthe
unnecessargoundtrip ITT movenens were abou?291,044in a year As a result, there will be
1,595 trips per dayCutting the number of trips would redutte number of trucks required
and relieve road usage.

Analysisof Berth Utilisation Performance

We looked at whethethe proposedollaboration concepivould affect overall berth
utilisation. We analysedhe peak scenario S@ith variousberth utilisation resultsshown in
Figure 12If we take a closer look at Al, in Area 3, berth sdiionwasrelatively lower than
the other areas. This implies a low w@tlion andineffectivedistribution of vesseld-or A2,
the utilisation for Area 3improved, and became similardther areas. Thus, tleellaboration
concepthelps to balancberthutilisationamong different terminals
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Berth Utilisation (%)
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Figure 12. Théverall Berth Utili sation for A1 and A2Approaches in S6

Analysisof ServiceQuality Performance

Theservice quality is defined by the vessel waiting time. Taldkows a comparison
oftheA Wi t hout C oapproach dAl)aand then proposédWi Cdilaboratiomm
approach{A2) based on berth on arrival rate, the number of delayed vessels and their average
waiting time.The waiting time of vesselsn averagevasreduced by about an hour ang to
about 6.9 hours. This can be explained by Figure 12, which shows that the begtautiln
A2 is relatively more balanced than that in A1. Therefore, more vessels can be served without
being queuedbr a particular berthHowever, only in thescenarios S3 and Sbdw container
volume scenari@nd Extremédy low containervolume scenarip(on Table2), the average
waiting time slightly increaskby 0.6 hour and up to 2.3 hours respectively. This is because

the proposed vessel berthisigategy dbws vessel$o wait for thér desired bertlior the sake

of reducing ITT.
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Table2i DelayedVessels

A1l - Without Collaboration A2 - With Collaboration Wiltrr?gg;(ae& (igttii) n
Estimation Estimation Improyemgnt
Number Average Number ;)r:rTJZI Number Average Number ;:;EZI g; f;;":::ﬁgl Chi?]nge
of delayed wz?liting of delayed I ——e of delayed wqiting of delayed T Y . g waiting
vessels time vessels delayed vessels time vessels delayed delayed .
vessels \ [ \ |
(>0 hour) (hours) (>4 hours) | (>4 hours) | (>0 hour) (hours) (>4 hours) | (>4 hours) (>4 hours) (hours)
S1| 42 4.1 16 278 49 3.3 14 243 -35 -0.8
S2| 106 4.7 46 800 115 3.8 25 435 -365 -0.9
S3| 21 14 1 17 27 2 4 70 53 0.6
S4| 224 7.6 123 | 2,138 | 204 4.9 66 1,147 -991 2.7
S5 5 11 0 0 5 3.4 2 35 35 2.3
S6| 667 15.6 500 | 8,690 | 676 8.7 361 | 6,275 | -2,415 | -6.9

6. Recommendations and Conclusion
6.1 Recommendations

To attain the above benefits, the implementation of the collaboratisst be well

planned We identify four recommendationswhich could facilitate the collaboration.

i. Evaluate the ITT reduction benefits from the integrated supply chain
In the above experiment, we only calculaigetangible costs incurred for each container

movementCollaboration will enhance resource allocation and increase terminal efficiency. In
addition,ITT can significantly improve supply chain efficiency and reduce the total logistics
costs. As shown in thebave simulation residt not onlyare thecoss reduced, the vessel
waiting times werealso significantly shortened. Both liners and customers will have high
confidence that vessels and containers handlddKfy can arrive and depart dime. This
certainy can substantially reduce the logistics costs induced by uncertainty and risk. In the
supply chain, costs associated with relevant risks include supplier delivery risk, distribution
risk, delivery risk, security risk, inventory risk, financial risk, amieonmental risk, which
all relatesto port operations. To cater for all these risks, every supply chain party tends to order
more goods and estimate longer delivery time. This hinderdr}dstne (JIT) practice and
smaltlot strategy. All these additional costs incurred in the supplyhcttaould be evaluated
when choosing a port for container handlimbesearetheintangible benefits which were not

calculated aboveyet, theyshould be emphasad to customers.
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HKP has been recogsad as one of the most reliable and efficient porteenworld. The
collaboration we propose would further strengthen her flexibility in tackling uncertainties, such
as weather uncertainties and market dynamics, which should increase her attractiveness to

shippers and liners.

il. The operational collaboration details must be well planned

The proposed facility sharing mechanism recqgig@laborations among the terminals.
Such collaboration covers information sharinglo@moperational level of supply and demand,
such as redime facilities availability statugboth yard and berth), scheduling and actual
arrivals of vessels, number of ITT containarsitransshipment container information. A well
planned protocol is required to facilitate information transfer among systems of different
terminals. The level of detail for sharedinformation has to be specifiedBesides, the
operational procedus®f various terminals should be aligned, so that transshipment containers
are handled similarly at all terminals.

Under the collaboration, shipping lines can gain acteg®rt facilities irrespective of
their contractual relations with terminal operators. By masiingi the utilsation, all parties
enjoy the cost synergie¥et, dfferent terminas may have different operating cestnd ITT
costing mechanisms. The cefdr handlingcontainers fronother terminad or certain alliance
must bechargedunder aset ofagreedates.This ensires all terminals ardetteroff compared
with the existing practice.

iii. A healthy maritime business environmenmust be maintained
While this paper proposes a collaborative approach for HKP, it is important that terminal
operators maintain their independence to ensure that customersdieiegaand that a good
service quality can be maintained through competittur proposed facilitgharing approach
can simply help operatsisetmore competitivgrices for their customera/hile also ensuring

that their respective operationscan be strong, independent and flexible

iv. Establish better collaboration among terminal operators
As all themajor shipping lines have formed alliances to enhance their efficiency and
marketing power, terminal operators should astablish collaborationto maintain their
bargaining powerSuchcollaborationcan enhance promotida shippers and liners, as well as
strengthercompetitiveneswith other ports. Theenefits of using HKBhould be marketed to
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