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Abst r act

Cost and tine efficient port operations are vital nowadays due to the
increasing port conpetition worldwi de. In many cases, efficiency nmay
overcone strategic positioning, i.e. a shipping line may prefer to
call at a port which is able to handle efficiently a |arge nother
vessel, and take advantage of economies of scale, even if it is not
situated near to the main international shipping routes.

In the era of continuously increasing containerized cargo traffic,
yard space nanagenent of a container termnal (CT) is of critical
i nportance. Yard congestion constitutes one of the major problens that
Cls face today and has a negative inpact on their efficiency.
| nadequate space in a CT yard increases a ships turnaround tinme and
thus the amount of sunk cost that a shipping line will have to bare.
| ncreased operating cost s, reduce attractiveness and t hus
conpetitiveness.

Under this context the goal of this paper is to develop a decision
support tool, applying queuing theory, that will assist Port Qperators
to (a) nodel the delivery and receipt operation of a CI and (b) adopt
one of the following operational policies (i) purchase of an extra
straddle carrier and (ii) application of an appoi ntment system

The applicability of the proposed nethodology is identified through an
illustrative case study. The exam ned container termnal nay be that
of Thessaloniki. The paper findings nmay be used to provide general
gui delines and specific suggestions for inproving the performance of
this operation, resulting in a faster container turnover which in turn
decreases contai ner yard congesti on.

Keywords: container termnal managenent, yard nmanagenent, capacity
pl anni ng
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| nt roducti on

Queuing theory has many applications in various applied research
fields such as, production process and |ogistic operations, through
cost and tinme efficient managenent of material flows in a system
(Raman et al, 2007), (Bhaskar and Lallenment, 2008). It can also be
applied in the fieldof naritinme logistics as a decision support tool

for port managenent strategies (Canonaco, 2007), and generally in all

fields of the service provision sector.

This paper will deal with the application of queuing theory in the
field of maritime logistics focusing on Thessaloniki’s container yard
performance. The city of Thessaloniki is geographically situated at

crossroads linking the Balkans with the Wstern Europe and plays a
strategic role in promting Geek and foreign initiatives. E U has
recogni zed Northern Greece and Thessal oniki as a bridge for devel opi ng
Bal kan econoni es (Www. usconsul ate.gr). Thessaloniki’s nobst inportant

asset is wundeniably its port. Hgh delays and cost inefficiencies
through the Bosporus path extra 2 day's (Sony nap route planner)

conbined wth, natural channels for large nother vessels, short

distances to Sofia and Bucharest, (approximately 300 and 700 km
respectively) and efficient rail and road networks, which connect the
port wth the international hi nterl and, increase substantially
Thessal oniki’s port inportance as an internodal |ogistics hub to the
Bal kan’s. The port is pivotal for the growh and conpetitiveness of

Northern Greece’s Econony.

It is envisioned that around the Port a significant nunber of
conpani es could establish their headquarters, hence creating new job
opportunities noney circulation and thus economic growh. There are
many exanples of cities that owe their trenendous growh to their
ports. One exanple is the city of Rotterdam The centrality of the
port of Rotterdam conmbined with the tax incentives that the governnent
provides to conpani es and the successful privatization policies it has
achieved result in the creation of corporate networks and intense
economi c activities.

Clearly, port operations have value added effects to the host city and
country. Such a strategy could be a viable intervention for the city
of Thessaloniki for overcoming one of its nobst inportant problens,

nanel y unenpl oynent whi ch reaches approxi natel y 12%
(ww. Greekenbassy.org). The notivation of this paper derives fromthe
above fact.

The purpose of this paper is to develop, through the application of
gueuing theory, a tactical decision framework that wll assist
decision nakers to (a) quantify the service performance of a CT and
(b) select anobng two operational policies (i) purchase of an extra
straddle carrier and (ii) application of an appointnment system the
one that inproves the termnals overall perfornmance.

The rest of the paper is organized as follows. In section 2, this work

will describe the operations of a typical CI. In section 3 the
exanm ned queuing nodels will be proposed. In section 4, sone general
reconmendations will be analyzed, while in section 5 the case study
will be presented. In section 6 the results will be presented while in

section 7 the nmanuscripts conclusions will be summari zed.
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Cont ai ner Term nal Operations Description

W consider a typical container terminal where containers are
di scharged fromthe ship on the Terminals quay or directly on wagons.
The containers discharged on the quay wll be transshi pped on other
vessels, thus transported with straddle carriers at a transshi prment
storage area, or transported by trucks and thus transferred at the

Term nals storage area. The latter wll then be transported by
straddle carriers at the parking area and then |oaded on trucks
waiting to receive them W wll only deal wth the containers
transported by trucks. In the following section we will present all

necessary steps for the devel opnent of the exam ned nodel s
Model Devel opnment

Step 1: ldentification of the nean service rate

In this work, we focus on the service rate of the straddle carriers
used to serve the trucks. The optinmum productivity of a straddle
carrier is expressed in TEU (Total Equivalent Unit) noves per hour
(Th.P. A | T Departnent).

Step 2: Calculation of the nmean arrival rate of a TEU per unit tine
The nmean arrival rate A we will be calculated by applying Little's
Law. L= A x W (Sweeney, Anderson, WIlianms 2005), where L represents
the total nunber of containers in the system and W represents the
average nunber of days that a containers waits in the system

Table 1: Variables of Little' s |aw equation

Par anet er s

Total nunber of containers in the system
Aver age nunber of days a container resides in the system w
Mean arrival rate of a TEU(20 foot cntr) per unit tine

—

>

Step 3: Application of the queui ng nodel

Required that p>x the next step will be to apply a MErlang (2,k)
waiting line nodel wth paraneters (k,a). This npdel was selected
based on the fact that a straddle carrier’'s service tine is conposed
of the follow ng 2 phases.

Phase 1: Tine needed to select and pick the container

Phase 2: Tine needed to transport a TEU at the parking area and | oaded
on the waiting truck.

W assune that the two phases are exponentially distributed. So the
tinme of the conpletion of the second phase is Erlang(2,k).
¥
E(X) =xf(x)dx= nmean service time 1/yu, where
0
1) F(x) = [ke ™ (kx)*Y /T (a) for a=2
2) T()= (a-1)! & 1 (2) = (2-1)! =1!'=1(Ross, 2006, 237)

¥
So E(X)= t‘)x><[ke"“(kx)]dx = kzéxze'kxdx = 2/k= mean service time 1/
0 0
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The paraneters of the nodel are depicted in Table 2, while Table 3
sunmari zes the operational characteristic.

Tabl e 2: Paraneters of M Erlang(2,k) queuing nodel

Paraneters

Mean service tinme TEU s/ mn 1/
Mean service rate TEU s/mn u
Mean arrival rate TEU s/mn A
Par anet er k 2/ k
St andard devi ati on of service tine(mn) o = V2] x

(Ross, 2006)

Tabl e 3: Operational Characteristics MErlang(2, k) queuing nodel

Qperating Characteristics

Average number of trucks in waiting |ine Lg= A%c®+(a/n) 2/ 2(1- A/p)
probability that no units are in the system P(0)= 1-(A/p)

Aver age nunber of trucks in the system L= Lg+A/p

Average tine(mn) a truck spends in the

wai ting line W= Lg/ A

Average time(min) a truck spends in the

system W Wy+1/

Pprobability that an arriving truck has to

wait for service Pw= A/u

(Sweeney, Anderson, WIIlianms 2005)

Purchase of an extra Straddle Carrier

The purchase of an extra straddle carrier will inprove the termnals
nean service rate. Required that pu>x the systens performance wll be
again quantified with the use of a MErlang (2,k) queuing nodel.

Application of the appointnment method

Trucks are rarely pre-advised or have an appointnent (Guliano and
O Brien,2006). So the termnal cannot be prepared for the trucks that
will pick a container. A pre-advice containing a certain time frane
and the containers ID could enable the termnal to spread the workl oad
and make the container faster available at the tine the trucks arrive.
It can also enable the terminal to even out peaks, by providing only a
limted nunmber of avail abl e appointnents at that tine.

W will quantify below, with the use of a D)G1 queuing nodel the
results of the appointnment nethod. Not being able to specifically
identify the operating characteristics of the DDG 1 queuing nodel we
used the GG 1 queuing nodel assuming that the standard deviation of
interrarival tines is equal to zero. This assunption neans
determnistic interrarival times. Looking into the G G 1 queuing nodel
we can only get upper and |ower bounds for W] because we want the
arrival times to be constant we wll assume that the standard
deviation of the arrival tines is equal to zero. The paraneters and
the WY bounds are depicted on Tables 5 and 6, respectively.
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Table 5: Paranmeters of the D) @1 queui ng nodel

Par anet ers

Mean service tine TEU s/ min 1/

Mean service rate TEU s/ mn M

Mean arrival rate TEU s/mn N

Par aneter k 2/ k

St andard devi ati on of service

times(mn) o(s) = V2/x
St andard devi ation of interarrival

tines Determ nistic

Tabl e 6: Upper and Lower bound of the DY G 1 queui ng nodel

Bounds
Lower bound [A*02(s)-1/u (2-A/w)]/12(1-A/n)
Upper bound A [o2(s) + o2(a )]/2(1-A/p)

ww. ntu.edu, the GGF1, M1, GGE@m MG nmqueues (2002), 12-13

By applying Little's law, the queue characteristics are shown on Tabl e

Table 7: Application of the DD G 1 queui ng nodel

Qperating characteristics

Average time a truck spends in the waiting line W

Average waiting tine a truck spends in the

system W Wy+1/
Average waiting tine of a truck in the waiting

line Lg= A x W
Average waiting time of a truck in the system L= Lg + A/u
After illustrating the operating characteristics of the queuing nodels
utilized in order to quantify the results of the aforenentioned
policies, this work wll nove further into proposing sone genera

reconmendations that inmprove a CI's operation characteristics.
General Recommendati ons

a) Positioning of the 20-foot containers as close as possible near the
berth (for exports) and near the gate (for inports). The 40-foot
containers may have their point of gravity in the centre of the
terminal. This reduces the travel distance and the nunber of noves to
1 for the 20 and 40-foot containers. A truck can transport either 2
20-foot containers or 1 40-foot container. By placing the 20-foot
containers that are to be inported away from the gate the straddle
carrier will have to cover high travel distances twice. For the 40
foot container a straddle carrier will only have to nmake one journey
so placing it in the mddle would be nore tinme efficient than placing
themin front of the 20 foot containers that are to be inported.

b) Building categories of stacks or piles. Containers for the sane
voyage nunber, for the sanme port of destination and the sanme weight
class are preferably stacked on top of each other. As upon [ oading
one can always take the top one first reducing false nove. This wll
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al so reduce the travel times of the straddle carriers due to the fact
that all novenents and travel distances of the straddle carriers wll
be | ocated in one specific route and not around the termnals yard.

c) Dispersion of groups for one vessel over the yard to at |east as
many | ocations as queue cranes working on the vessel. To avoid clashes
it is always recommendable to spread containers for vessels that are
pl anned to call the terminal in the same wi ndow as wel|.

In order to achieve efficient operational design, data quality and
availability are of pivotal inmportance. Information systens that
col l ect transparent and up-to-date information can provide nanagers
i nstant access to the system so he/she can continuously keep track of
the situation and schedule their actions (Rijsenbrij and Saanen,
2006). W have to make clear that these are general recommendations
that could be applied by the term nals nanagenent and whose effects
have not been quantified. The next paragraphs wll present two
specific recomendations, an increase in the nean service rate wth
the purchase of an extra straddle carrier and the application of an
appoi ntnent nmethod. The results of these reconmendations wll be
quantified with the use of two queuing nodel s.

Case study

An illustrative case study is presented in order to identify the
applicability of the proposed nethodology. The exam ned container
termnal will be that of Thessaloniki. To specify the scope of the case

study and facilitate the nodel fornmulation, 8 assunptions are
postul ated below. (1)the average anount of TEU s in the systemis 7730
of which approxi mately 48% represent the 20foot containers and 52%t he
40f oot containers (ThPa |IT departnent)(2)from the total nunber of
containers we deduct 20% which represents the nunber of containers
transhi pped and transported by rail (4)The containers transhipped are
stored in a specific container area and do not affect the yard
occupancy rates (5) the containers transported by rail are |oaded on
wagons, while discharged from the ship, by a trans trainer wthout
occupying space in the termnals yard. The latter inplies that the
containers which reside in the system and thus occupy space in the
termnals yard are the containers transported by truck (6) Each truck
can transport either one 40foot or one 20foot container(7)three
straddle carriers are used to transport the containers after unloaded
from the ship to the storage area and another three from the storage
are to the parking area and then on the trucks waiting to receive them
(8) The optimum productivity of a straddle carrier is 14 noves per hour
(ThPA's | T Departnment). So for three straddle carriers the nean
service rate is 3*14=42 container noves per hour and (8) the average
nunber of days a container resides in the systemis 10(Data obtained
by ThPA's | T departnent).

Resul ts

Table 8 provides a conparison of the results of the three
configurations exam ned in the paper.
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Table 8: Conparison of the operating characteristics of the queuing
nodel s

MErlang (2,k)-3 MErlang (2, k)

straddl e 4 straddl e Appoi nt nent
Operating Characteristic's carriers carriers system D/ G 1
Average waiting time(mn)in
the System W 5.71 2.27 2.85
Average waiting time(mn)in
the waiting line W 4. 28 1.205 1.428
Average nunber of Trucks in
the waiting line Lq 2.4 0. 675 0. 80
Average nunber of Trucks in
the system L 3.2 1.275 1.6

Looking into the operating characteristics of the DDGE 1 queuing node
we observe significant inprovenents in all operating characteristics
conpared to those derived from the initial MErlang(2,k) with three
straddle carriers. The average waiting tine in the system has
decreased from 5.71 to 2.85 mnutes, the average waiting tine in the
waiting line has decreased from 4.28 to 1.428 mnutes, the average
nunber of trucks in the system has decreased from 3.2 to 1.6 and the
average nunber of trucks in the waiting line has decreased from2.4 to
0.8. Mywving further into the conparison of the results of the
reconmended interventions, the application of the appointnment nethod
and the increase in the nean service rate, and before interpreting the
results and derive conclusions we nmust indicate the factors bel ow (1)
Regardi ng the appoi nt mrent nethod we have sel ected the worst case which
represents the highest nmean waiting tine in the waiting line W= 1.428
mnutes. (2) W can also see very snall differences in the operating
characteristics between the two nethods shown in table 8 in favour of
the purchase of an extra straddle carrier. (3) Finally we should
consider the costs of purchasing an extra straddle carrier which can
reach 850,000€ (Th.PA |IT departnment). Taking into consideration al
the paraneters nentioned above we nove into recomending the
application of the appointnment nethod. W do not recomend the port’s
nmanagenment to purchase an extra straddle carrier since the differences
between the two alternatives are very snmall, with potential of further
i nprovenents, while at the same time the cost of an extra straddle
carrier is very high

Concl usi ons

This paper ained to present the significance of queuing theory as an
operational research tool applied in port operations. W have
devel oped an illustrative case study in order to denobnstrate the
applicability of our net hodol ogi cal f ramewor k t hr ough t he
identification of Thessaloniki’s container term nal current operating
characteristics and the proposition of recomendati ons that increase
significantly the termnals performance. Thessaloniki’'s container
term nal has significant potential to play a role of an internodal hub
termnal for the nmarkets of Bulgaria and Romania. Optim zing
Thessaloniki’s container termnal is of pivotal inportance for the
city of Thessaloni ki and Greece in general. Future research directions
i nclude the adoption of simulation techniques to provide nore accurate
nodel I ing of non-stationary arrival rates.
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