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Estimation of Users’ Waiting Cost at Container Terminals in Northern Vietnam
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Abstract - Container terminals in Northern Vietnam have recorded an impressive development in recent years. This development,
however, also raises a fierce competition among local container terminals to attract customers. Beside the handling charges, the vessels
waiting cost is also an important factor that drive the opinion of users in choosing appropriate terminal. This research plans to estimate
the waiting cost in difierent container terminals in Northern Vietnam by building regression equation that describe the relationship
between the rate of throughput/capacity and waiting cost/ TEU. Queuing theory with the application of Poisson distibution is used to
estimate the waiting time of arrival vessels and uncertainty theory is applied to estimate the vessel’s daily expenses. Previous studies
suggested two diflerent formation of the equation and according to the research results, cubic equation is more suitable in the given case.
The research results are also usefill for firther research which require calculation of waiting cost per TEU in each container terminai
in Northern Vietnam.
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Introduction * There are 14 container terminals in Northern Vietnam. 12

Literature review in Haiphong city and 2 others in Quang Ninh province;

* Considerable development has been recorded in the port
industry in the area. However, it also accompanies with
fierce competition among container terminals to attract
customers;

) . . . * Beside the handling charges, the vessel’s waiting cost is also

5. Non-linear regression to estimate the relation an important factor that drive the opinion of users in

between rate of throughput/capacity and choosing appropriate terminal;

waiting cost per TEU = This research plans to estimate the waiting cost in different
container terminals in Northern Vietnam. The results can
be used for number of further research
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Estimation of vessel’s waiting time

* Related previous research present the waiting cost of vessels in

port/terminal by the equation f{X/CAP).

- Where X is volume of containers handled.

- CAPis port/terminal’s capacity.
It is commonly accepted that it is non-linear and the waiting cost
will increase rapidly whenthe throughputincrease.
Saeed and Larsen (2010) and Munim et al (2017) estimate the
equation by:

f{X/CAP) = 0.5(X/(0.8*CAP)}"4
Park and Suh (2015) present cubic equations. For example, for the
KBCT terminal in Busan:
fIX/CAP}= D.6192(X/CAP)A3 — 7.2968(X/CAP}"2 + 25.051(X/CAP)— 17.209

* Corresponding author : jsjeong@mmu.ac.kr
* ducnguyen@vimaru.edu.vn
% sjunekimmu@naver.com

27

Application of queuingtheory
Queuing theory is the study of waiting lines. There are three
parts of a queuing system, including: arrivals to the system,
queue line itself and service facilities.
Arrival of calling vessels to container terminals follows Poisson
distribution.
hak
F(X}=T
Where:
- P(X)is the probability of X arrivals
- Xis number of arrivals per unit of ime
- Listhe average of amival rate

- eequalsto 2.7183



Estimation of vessel’s waiting time

According to Radmilovic (1994), by mathematical derivations,
the average waiting time/average service time ratio can be
defined as:

EEzh nle-n}P,
4 Epsprle-nify
e*p(1-p}

- &isaverage number of conminers
- Byissteady-state probability thatn containess are in port attime

- Inthis case, p is berth occupancy and it is calculated as follow

_aa
P

Where: i is average of amival rate, jis average of servicerate

Estimation of vessel’s daily costs

Application of Uncertainty theory

Uncartain statistic is basad on expert's experimental data rather than historical data. Liu
[2015) proposed 2 guestionnaire survey for collecting expert's experimentzl data. The
starting point is to invite domain experts to complete a questionnaire sbout the meaning of
an uncertain varizble §{ "How much do pou think iz the daily operoting cost of container
vessel which iz . TEUs in copooty **. The size of concerned vessels are the sverage size of
wessels which call container terminals in Morthern Vietnam. We first ask the domsin experts
to choose a possible value x that the uncertain variable £ may take, and then quiz him:
"How [ikeiy is £ less than or equal to x ?° Denote the expert’s belief degree by o. Note that
the expert's belisf degree of § greater than » must be 1 — o due to the self-duality of
uncartain messure. An expert's experimentzl data [, @) is thus scquired from the domain
expert. Repesting the above Erucass, the fullnwing expert's expermental dats are obtained
by the questionnaire : [x1, al), (x2, a2}, ... fxn, an}

Based on thoss experts' experimental dats, Liu |2015) suggests an empirical uncertainty
distribution: ifx<al
Uw sxsml

Ea=g
H Has i,

The empirical uncertasinty distribution hasan expected value:

Estimation of vessel’s waiting time

Input for the gueuing theory model to
estimate the waiting time of arriving

Table 1. Input data

vessels, therefore, include: i bl B e i oo

; . berth (T vendh {490 TIT3)
- arrival rate of vessel, - service rate, - Y z m =
number of containers handled in each = = = e
vessel |, - n_umbEr of berth, - capacity e - = -
of the terminal. — . 5 =
Among those input, arrival rate of SEmoEve : [ Frey
vessels and number of containers T s ' in =
handled in each wessel will be T ' a0 =
randomized. am i 1 ) =
Otherinput is shown in Table 1. Cieen e ] 0 e
By repeating the alculation with | ‘Fe=Re : fad 4
series of mndomized data, we will 3 : o =4
have series of waiting tme for e t o =
difference cases. i ' - =
Queg ¥esy 1 4p: 00
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Estimation of vessel’s waiting time

Assumptions required to validate the model:
o MNumber of arrival vesselsin a peried of time is random
o All berths of a terminal have the same service rate

o There is no constraint to the length of the queue, all arrival
vessels wait until their turn

o Arrival vessels are served under the basis of first come, first
served

Estimation of vessel’s daily costs

In this paper, the term daily costs refers to all expenses rising per
day during the period that the vessels are served at ports,
excluding handling charges and port charges

They may include, but not limited, to: fuel cost, crew cost,
depreciation cost, management cost, maintenance cost,
insurance cost ...

Previous researches tried to estimate container vessels
operating costs by several quantitative methods.

In this research, a survey is performed by interviewing operation
managers from shipping lines for their container wvessels’ daily
expenses at terminals.

The survey method follow the uncertainty theory proposed by
Liu (2015)
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Survey'sresults

The survey is performed for vessels with capacity of 400 TEUs,
600 TEUs, 1,000 TEUs, 1,200 TEUs, 1,600 TEUs and 2,000 TEUs

Vessel size MNumber of Vessel daily
[TEUs) feedback EXPENSES .
[UsD)

400 & 2,983
500 14 3,128
1,000 21 4326
1,200 18 4752
1,600 5,738
2,000 5 6,275
Conclusion

The research perform a simulation based on queuing theory and
poisson distribution to estimate the relationship between rate of
terminal’s  throughput/capacity and  waiting cost/TEU.
Uncertainty theory is used to examine the wvessel's daily
expenses. Survey is sent to experts who work in the fields of
container ship management or ship brokerage.

The results imply that the formation of cubic equation is more
suitable to present the targeted relationship.
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Non-Linear regression

Base on the vessel’s daily cost, the waiting cost/TEU can be
calculated and we have series of rate of X/CAP and waiting
cost/TEU. The non-linear regression is performed for both the
formation of Saeed and Larsen (2010} and Park and Suh {2015).
For example, we have for the case of Chua Ve terminal:

f(X/CAP) = 1.697(X/CAP} A4 (RZ=0.901)

f(X/CAP) = 19.644(X/CAP)"3 — 59.457(X/CAP)"2 + 50.878(X/CAP)
-5.85 (R?=0.945)

For all the other cases of container terminals, the cubic equation
returns better results of R squared. Therefore, in this research,
the formation of cubic equation is chosen.





