=
Journal of

Marine Science and Technology

e
Z
&
&
S
5

Volume 20 | Issue 5 Article 3

PORT MANAGEMENT IMPROVEMENT STRATEGIES BASED ON
SIMULATION MODEL

Wen-Chih Huang
Department of Transportation Technology and Management, Kainan University, Taoyuan, Taiwan, R.0.C

Tu-Cheng Kuo
Department of Aviation and Maritime Management, Chang Jung Christian University, Tainan, Taiwan, R.O.C.

Ching-Tsyr Wu
Department of Harbor and River Engineering, National Taiwan Ocean University, Keelung, Taiwan, R.O.C.,
ctwu@mail.ntou.edu.tw

Cheng-Chen Kuo
Department of Transportation Technology and Management, Kainan University, Taoyuan, Taiwan, R.0.C

Follow this and additional works at: https://jmstt.ntou.edu.tw/journal

b Part of the Transportation Engineering Commons

Recommended Citation

Huang, Wen-Chih; Kuo, Tu-Cheng; Wu, Ching-Tsyr; and Kuo, Cheng-Chen (2012) "PORT MANAGEMENT
IMPROVEMENT STRATEGIES BASED ON SIMULATION MODEL," Journal of Marine Science and Technology: Vol. 20:
Iss. 5, Article 3.

DOI: 10.6119/JMST-011-0426-1

Available at: https://jmstt.ntou.edu.tw/journal/vol20/iss5/3

This Research Article is brought to you for free and open access by Journal of Marine Science and Technology. It has been
accepted for inclusion in Journal of Marine Science and Technology by an authorized editor of Journal of Marine Science and
Technology.


https://jmstt.ntou.edu.tw/journal/
https://jmstt.ntou.edu.tw/journal/
https://jmstt.ntou.edu.tw/journal/vol20
https://jmstt.ntou.edu.tw/journal/vol20/iss5
https://jmstt.ntou.edu.tw/journal/vol20/iss5/3
https://jmstt.ntou.edu.tw/journal?utm_source=jmstt.ntou.edu.tw%2Fjournal%2Fvol20%2Fiss5%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1329?utm_source=jmstt.ntou.edu.tw%2Fjournal%2Fvol20%2Fiss5%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
https://jmstt.ntou.edu.tw/journal/vol20/iss5/3?utm_source=jmstt.ntou.edu.tw%2Fjournal%2Fvol20%2Fiss5%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages

PORT MANAGEMENT IMPROVEMENT STRATEGIES BASED ON SIMULATION
MODEL

Acknowledgements

The authors would like to thank the National Science Council for financial support on [ Establishment of
an analysis model evaluating the capability of public-service facilities and its application on a port (I) |
(NSC 92-2213-E-019-004) and on I A study on the evaluation of the operation and management strategy
for container terminal | (NSC 95-2416-H-019-004). We are also grateful to the management and
personnel of the Kaohsiung port authority for permitting us to collect operational data and their helpful
feedback on the simulation model.

This research article is available in Journal of Marine Science and Technology: https://jmstt.ntou.edu.tw/journal/
vol20/iss5/3


https://jmstt.ntou.edu.tw/journal/vol20/iss5/3
https://jmstt.ntou.edu.tw/journal/vol20/iss5/3

492 Journal of Marine Science and Technology, Vol. 20, No. 5, pp. 492-507 (2012)

DOI: 10.6119/JMST-011-0426-1

PORT MANAGEMENT IMPROVEMENT
STRATEGIES BASED ON SIMULATION MODEL

Wen-Chih Huang®', Tu-Cheng Kuo?, Ching-Tsyr Wu?, and Cheng-Chen Kuo!

Key words: port management, terminal operators, operation per-
formance.

ABSTRACT

Management performance of container termina is an im-
portant factor of port competitiveness. In the past, ports had
often increased performance by expanding the number of
berths and equipment. However, recent global recession has
significantly dampened the growth of the international trade.
Thus, port authority must seek effective utilization of the ca
pacities of its container terminals. Most ocean carriersin the
Port of Kaohsiung in Taiwan rent multiple berthsthat are often
dispersed to different container terminals, resulting in ineffi-
cient handling. Establishing terminal operators to optimize
berth assignment may resolve this problem. The objective of
this research is to construct a simulation model to assess the
positive effects of establishing effective termina operators,
which may be achieved through port privatization. The re-
search results show that once terminal operators are estab-
lished to optimize berth reassignment, terminal capacity could
increase 20~30% with a related cost reduction in the range of
10~20%. These positive results suggest that the studied model
offers potential benefit to other port authorities seeking to
enhance their container handling capacity.

[.INTRODUCTION

Most large-scale container terminals in the world have
currently adopted the terminal operation mode because of its
operating advantages. Change in the operation mode of the
container termina affects loading/unloading (handling) effi-
ciency and mooring cost, and it is also akey factor influencing
port development.
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The development of Taiwanese container terminals fol-
lowed a strict hierarchy. First of al, government authorities
prioritized mooring access for publicly owned operators.
Berths in turn maybe rent by ocean carriers. Since success is
measured by the effective control of the costs associated with
handling, the operation modes and deploying strategies of
berths and equipment would play important roles in the cargo
handling performance of a container terminal.

In recent years, the private ocean carrier has presented
container terminals with a significant challenge turn to global
terminal operator. To retain its competitive advantage, a con-
tainer terminal must invest in complex equipment or dredge a
deep port to alow for the increasing large containerships to
berth. Many simulation models developed for analyzing con-
tainer terminal operations were found in the literatures [2, 5,
12, 25, 36, 38]. Recent contributions appearing on container
terminals were included in the literatures [3, 4, 19, 28, 29].
Many of the studies have focused on the general competitive
characteristics of container terminals [26, 31, 41], as well as
criteriaof efficiency [8, 9, 16, 39]. Various methods have been
used to ascertain and optimize the operational productivity of
cargo-handling at berth and in container yard [1, 6, 7, 10, 11,
13, 17, 18, 21-24, 26, 34, 35, 37, 40]. However, there appears
a common limitation among these studies that they tend to
only consider a single-berth facility. None of the studies has
discussed the impacts of berth assignment strategies would
have on the overall performance of multiple berths and con-
tainer terminals. The simulation model presented in this paper
stresses the detailed operations at a multiple-berth facility de-
ploying over a specified period of time.

In the operation of Port of Kaohsiung, except the three
public berths, the others are all exclusively used container
terminals. The main purpose of this operation is to increase
the throughput and efficiency by fully matching the needs of
the containership. Although the container throughput of
Kaohsiung Harbor is growing annually, there appears inability
for ocean carriers to exploit their resources to their full po-
tential. The Build-Operate-Transfer (BOT) project pertaining
to the intercontinental (T6) container terminal is a case worth
mentioning. To-date, only the parastate-operated Yang-Ming
Group (YML) has submitted a tender. The YML has negoti-
ated with HAHJIN shipping, MAERSK line, China COSCO,
China shipping, Nippon Yusen and others. This negotiation
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Fig. 1. Theberth deploysat the T4 container terminal.

would likely result in partnerships designed to build and op-
erate the T6 container terminal for mutual benefit among the
carriers.

On the other hand, the economic development in Taiwan
holds an important stake in the successful completion and
effective operation of the T6 container terminal. The project
mentioned above required sixteen hundred million NT dollars
in investment to develop an area of 75 hectares with the rear
zone being 475 meters along with 4 sets of container ports that
are 16 meters in depth. The presented research assumed that
the T6 container terminal will be completed on schedule,
leading to improved rental berth returns of the T3, T4 and T5
containers terminals in the Port of Kaohsiung. It is also ex-
pected that this T6 container terminal could support ocean
carrier for chartered berths. These container terminals and
berth arrangements discussed above were factored into a
simulation model to analyze the relationships between con-
tainer terminal facility deployment, operational performance
and capacity.

Furthermore, the presented research was motivated by the
fact that athough the Port of Kaohsiung has been adopting
the operation mode (including reduced mooring fees, port
handling fees and construction of port facilities and so on), it
still has not been able to effectively increase the efficiency of
handling. Investigation of the operational modes of major
container terminals around the world indicates that concen-
tration of berth rentals by carriers would lead to improved
overall efficiency [14-17]. As the numbers of carriers in the
same container terminal are few, each carrier has collinear
berths that can increase with the sharing of cranes. Operating
costs will be reduced remarkably with efficient utilization of
equipment resources, which in turn would yield benefits re-
sulted from economy of scale. It was believed that the main
reasons for this lack of improvement in efficiency at the Port
of Kaohsiung were that the operating facilities had not been
rationally deployed in the port operation and the ocean carri-
ers had hired multiple berths scattered in different terminals.
Thus, this research used management tools and system simu-
lation models to evaluate the potential improvement on op-
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Fig. 2. Theberth deploysat the T3 and T5 container terminals.

erational performance of container terminals based on a com-
prehensive indicator including efficiency and effectiveness.

In addition to the operation efficiency analysis, the pre-
sented research also addressed several contingent scenarios
that would benefit the operations of container terminals. These
scenarios include the management performed by one carrier
in the same container terminal. This management could in-
volve changes to operational strategies and the formation of
Terminal Operator pattern. This study made limited allowance
for prioritizing the ocean carrier in terms of a First-Come-
First-Served (FCFS) rule, so that due consideration will be
given to the expenses incurred by carriers berthing at the port.

I1.ANALYSISOF THE PRESENT SITUATION
IN THE PORT OF KAOHSIUNG

Presently, the Port of Kaohsiung has five container termi-
nals and two deployment patterns, including the linear type
and the protruding type. The linear type configuration of
berth that berth and equipment, forming a straight line, can be
used together, e.g. the T3 and T4 container terminals shownin
Figs. 1 and 2. The protruding type configuration of berth, on
the other hand, forms the convex geometric shape that berth
and equipment cannot support common usages, e.g. the T5
container termina illustrated in Fig. 2.

The basic data of the three container terminalsin the Port of
Kaohsiung were depicted in Table 1.

[11. CONSTRUCTION OF THE PORT SYSTEM
SIMULATION MODEL

1. Design of the Simulation M odel

Because ship arrivals and departures as well as the opera-
tion procedures of different harbor are various in practice,
there is no standard port system simulation model existed.
Based on the understanding of the port procedures and simu-
lation objectives, the researcher of this study constructed a
customized simulation model for use in this study. Factors
influencing ship operations include ship arrival interval dis-
tribution, the time of ship entering and leaving port, mooring
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Table 1. Basic data of the T3, T4 and T5 container terminalsin the Port of Kaohsiung.

Container Terminal  Ocean Carrier Berth number Length (Meter) Draft (Meter) Crane number remark
T3 C4 # 68~69 752.16 14 7
C1 #70 320.00 14 3
c2 #115~117 916.88 14 8 )
T4 c3 #118~119 640.00 14 5 Linear type
C1 #120 320.00 14 3
Cé #121 320.00 14 3
c7 #75 319.93 14 3
c3 #76 320.07 14 2
5 #77 356.01 15 4 protruding type
C5 #78 320.00 15 3
c2 #79 355.00 15 3
#80~81 460.00 14 5
Source: (http://www.khb.gov.tw) (2007.12.09).
berth pattern, ship handling operation system, the type of Shipda
machines deploy, disposition and regulation of the yard and so o gn N .
length enough for No—»| 6

on. With more detailed consideration of the port operations,
the results generated from the simulation will be closer to the
reality.

To reduce computer processing time, the research adopted
the Incident Scanning Method in the simulation. Such a
method is an approach for maximizing or minimizing a func-
tion by means of sequential sorting and comparison of its
values at all points of some subset of the admissible set. Fur-
thermore, to better conform to the actual conditions, this study
used cumulative probability distributions characterized by
many parameters.

The detailed simulation flow chart was shown in Fig. 3.
Based on the flow chart, the steps of the simulation are out-
lined below:

(1) Setting the starting values: At the beginning the program
will firstly read the established data of the basic port set-
ting valuesincluding the ship data, port data and yard data.
Ship parameter establishment: Statistical cumulative prob-
ability tables were prepared including the previously ana-
lyzed (a) ship data including ship arrival-interval, length,
draft and handling volume, (b) port data including the
amount of quay cranes (QC) dispatched and handling ef-
ficiency of QC, and (c) yard data including the amount of
yard cranes (YC) as well as yard trucks (YT). The op-
eration of different berths may also differ from yard data
in practice. Thusthedataof the QC, YC, and YT facilities,
QC.YC:YT, were used on a 1:2:6 fixed deployment rate.
For instant, at least 2 YCsand 6 Y Ts are typically needed
per QC to keep the QCs smoothly working at ahigh speed.
Ship arrival: The event scanning method is utilized and
the operation of the simulation model will be activated
starting from the time of ship arrival and the ship being
assigned to the berth. The ship berthing system of the port
generally has three main events, namely the ship leaving,
the ship arriving, and the ship entry.

2
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Fig. 3. Port system simulation flow chart.
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Table2. Ship arrival timeinterval distribution KS-test result.

Ship Std. N Max prob. error K= significance level
No. Ca  Beth o  AC g K 1 2 3 4 010 005 001
1 C1 2 862 0.42 0.38 1.23 0.05" 0.13 0.19 0.24 0.04 0.05 0.06
2 c2 6 1637 0.23 0.27 0.72 0.39 0.177 0.23 0.27 0.03 0.03 0.002
3 C3 4 1301 0.28 0.28 1.03 0.03" 0.12 0.19 0.23 0.30 0.04 0.05

A: Approximate distribution.

(4) Look for thewharf that can be berthed as early aspossible:
When the ship arrival event in the simulation program is
generated, the ship will start to enter the port and will look
for the first available wharf that can conform to the
berthing condition and provide berthing. When thereisno
available wharf exists for berthing, the ship will wait till
the former ship operation is completed in the port and then
berth at the first available wharf that can conform to the
berthing condition of the ship.

(5) Set the berthing time and cal cul ate the handling operation
time: After searching for the wharf, the ship will be as-
signed to the berth at the wharf followed by calculating its
required handling operation time and ship departure time.
At the end of this step, the status of thisshipisset to bein
the process of departure in the port.

(6) Check whether the pre-set system time is reached: Check
to see whether the program has reached the pre-set ssimu-
lation time. If not, return to the first step of the program
and continue to conduct the simulation. Otherwise, stop
the operation of the simulation model and prepareto carry
out relevant statistical compilation and analysis.

(7) Collectively sort the statistical information and simulation
results. Calculate the data generated from the simulation
model and collect relevant parameters such as average
ship waiting time in port (W), average arrival interval
time (1/A), average service time (1/u), average handling
volume (V) and berth usage ratio (p).

2. Input of Simulation

Lorenzoni et al. [30] highlighted the mechanisms of de-
fining the time limits for the attendance of the ships, usually
called layday periods, which will be used in the simulation.
These periods cannot be determined solely based on the in-
terests of the port, since they are defined based on the nego-
tiations between the shipper and the port operators.

This study used the collected ship arrival data regarding
the ocean carriers to execute the Kolmogorov-Smirnov test
(KS-test) of the arrival interval pattern. The results are shown
in Table 2.

The KS-test tries to determine if two datasets differ from
each other significantly. The KS-test has the advantage of
making no assumption about the distribution of data. Thus
technically speaking, the test is non-parametric and distribu-
tion free. Furthermore, to facilitate a closer matching of
probability distributions of arrival time intervals as well as
other parameters to the real situation, this study used the cu-

mulative probability distributions for the simulation.
The parameters ssimulated include:

e Theship arrival intervals: The accumulated probability table
of the ship arrival interval islisted in Appendix Table AL

e The ship length and draft, and handling container volumes:
To ensure precision in our simulation, the data shown in the
Appendix Table A2 are classified by the ship length and
draft, displaying in the case of certain classification for the
handling container volume and the permillage number of
arriving ships. The cumulative probability distribution for
use in generating these dataislisted in Appendix Table A2.

e The number and efficiency of QCs: This study determined
the number of cranes the ship needs to operate based on the
statistical data of the handling of container volumes. In the
simulation process, if the port has less than the required
number of cranes for the ship, the assigned number of
cranes were adjusted to match the available cranes in the
port. Otherwise, if the required number of cranes is less
than the number of equipped cranes in the port, the smu-
lation assigns the number of cranes equal to that required
for the ship. If the port is equipped with more cranes than
are required but some of them are being used by another
vessel resulting in the remainder being less than that are
required, the number of cranes remained were assigned.
The cumulative probability distributions of container
volumes and the assigned number of the cranesarelisted in
Appendix TablesA3-1, A3-2 and A3-3, respectively. Table
A3-1 shows the number of arrived shipsin accordance with
the actual ship handling volume and the number of assigned
cranes, and the accumulative number of ships (Acc. ship
numbers) aswell. Table A3-2 shows the estimations of the
probability of ship numbersin accordance with Table A3-1.
Table A3-3 shows the ship accumulative probability in
accordance with Table A3-2. For example, a ship with
length of 250 meters and draft of 6 meters would yield
possible handling container volumes of 332 TEUs and
permillage of arrival ship would be 1.16, estimated by using
data demonstrated in Table A2. With the estimated vol-
umes of 332 TEUSs as discussed above, the probability of
assigning two cranesis 0.93, based on Table A3-2.

e The handling container volumes and the number of QCs:
The cumulative probability distributions of these parame-
ters are listed in Appendix Table A4. Table A4 could be
used to estimate the time of handling containers based on
the average usage of one crane per handling piece per hour.
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Table 3. Comparison of the actual values and simulated values.

Carrier C1 Cc2 C3
ndicator Act&X)aI ue S m( I;/)al ue Error Per. Act(X)aI ue S m( I;/)al ue Error Per. Act(X)aI ue S m( I;/)al ue Error Per.
V (units/ship) 626 635 -1.44 866 855 1.27 761 751 131
A (shipg/hr) 0.99 0.1 -0.91 0.181 0.183 -0.77 0.149 0.150 -0.81
W, (hrg/ship) 391 3.77 3.58 272 281 -3.31 2.36 244 -3.39
Lu (hrg/ship) 25.15 245 2.58 24.32 24.70 -1.56 19.34 19.7 -1.86
Berth No. #70(T3) #76-77(T5) #79-81(T5)
#120(T4) #118-119(T4) #115-117(T 4)

Notes: 1. Error Per.: Error percentage (%) = (A-B)/A.
2. Among () text represents Terminal Number.

e The berth condition: This study set the condition of the
berth based on practical data. For each berth, the following
data were required: berth code number, berth length, depth
and width, number of QCs deployed, and rental number of
berths.

e Thetime period of the simulation: The simulation time was
set to be one year.

3. Modd Verification and Validation

Law et al. [27] provides the classic definitions of model
verification and validation. Accordingto Law, “Verificationis
determining that a simulation computer program performs as
intended, i.e., debugging the computer program.... Validation
is concerned with determining whether the conceptual simu-
lation model (as opposed to the computer program) is an ac-
curate representation of the system under study”. Jack [20],
however, argued that validation cannot be assumed to result in
a perfect model, since the perfect model would be the real
system itself.

Based on these definitions and limitations, this study has
verified the simulation model by using a customized
FORTRAN program written for this study instead of utilizing
acommercial software package. The verification results have
found no programming errors associated with the FORTRAN
program. For model validation, this study hastried to measure
the inputs and outputs of the real container terminal and the
attributes of the intermediate variable. Dueto the fact that the
real data are generally difficult to obtain as they involve the
operational secret of the shipping company, this research used
the data of the dynamic data files of ships and handling pro-
vided by the administration office of the Port of Kaohsiung.
These data are considered redlistic as the number of annual
berthing ships has only changed slightly in recent years.

Validation of the simulation model was based on comparing
the simulation results and empirical measurement. The UC
evaluation indicator, defined in the next section, is adopted for
the output items. The parameters which needed to be collected
in thisindicator include: (1) average handling volume (V); (2)
average arriva interval time (1/); (3) average waiting time
(Wy); and (4) average service time (1/p). One can then assess
the validity of the simulation model by comparing the output

values in the simulation and the collected actual values from
the Port of Kaohsiung.

The data shown in Table 3 indicate that the difference be-
tween the model results of this research and the actual condi-
tions appears to be very small. As shown in Table 3, all the
errors are within £3% except for the errors associated with
average waiting time of shipswhich were 3.58% (Carrier C1),
-3.31% (Carrier C2) and -3.39% (Carrier C3), respectively. It
should be noted that the method used to validate the model is
similar to that proposed by Nevinset al. [33].

This study also uses quantitative data to assess the quality
of the simulation model. There arefour variables, namely V, A,
W, and 1/p, were assessed in the simulation. Let w; and v,
denote the average parameter on run i in the simulation and
real system, respectively. Suppose n runs are simulated and
observed in reality, respectively. Inthe casewhen nisset to 30,
one can writethat i = 1, ..., 30. These calculations form the
individual basic parameters of all shipsarriving at the port.

Statistically, this trace-driven simulation means there are n
paired differences d, = w; — v;, which are identically and in-
dependently distributed (i.i.d.). Thus, the t statistic can be
defined asfollows,

(=92 (1)

where d denotes the average of the n sets of d's, ¢ is the ex-
pected values of d, and sy represents the estimated standard
deviation of d. It isassumed that the null-hypothesisisHo:¢ =
0, and Eq. (1) yields avalue, t,.4, that is significant if (|t 1| >
th1w2). Thedataillustrated in Table A5 in the appendix reveal
that the simulation model should be retained for the three
ocean carriers (C1, C2 and C3) and the four parameters dis-
cussed above since when o = 0.05, al of the (Jtn.1] > th.1.02) and
the p value greater than o = 0.05. The results shown in Table
A5 concluded that the simulation model would produce av-
erage variables per run that do not deviate significantly from
reality. Inthe validation process, the simulation results of this
research generally do not converge when the number of simu-
lation runs increases. However, by performing comparative
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Table 4. Berth improvement of plan I.

. Present condition after adjustment o
Ocean carrier - X Exchange principle
Berth No. Terminal No. Berth No. Terminal No.
#70 T3 . -
C1 #123-126 T6 #123~126 (Carrier C1's subsidiary company)
#120 T4
#79-81 T5 1. #79 of Carrier C2 exchanges with #118 of Carrier C3.
Cc2 #115-119 T4 " ; ; ;
#115-117 T4 2. #80~81 of Carrier C2 exchanges with #119 of Carrier C3.
c3 HI6-T7 T5 #76-79 T5 1. #119 of C3 Carrier exchanges with #78 of Carrier C5.
#118-119 T4 2. #118 of Carrier C3 exchanges with #79 of Carrier C2.
c4 #68-69 T3 #68-70 T3 increase chartering #70.
C5 #78 T5 #380-81 T5 #78 of Carrier C5 exchanges with #80~81 of Carrier C2.

Note: #120 not yet rent out.

analysis of the simulation results, it was found the results have
the minimum errorswhen n = 30. Thus, it was determined that
the results would be averaged from the 30 simulation runs.

In conclusion, the simulation model has been verified and
validated through the close comparisons with the actual data
collected from the Port of Kaohsiung.

4. Explanation of the Indicator

To consider the cost items for the terminal user (shipping
Carrier) and supplier (port authority), this study used the UC
evaluation indicator to evaluate the various plans analyzed in
this research.

Thetota cost of shipin port (TC) includestwo major items,
namely ship and cargo cost (TC,) and terminal service cost
(TCy).

TC=TC,+TC, 2

Therefore, this study uses the total cost at the port with the
unit cargo (ton, TEU) and unit time (Hour) to define the UC
indicator as follows:

UC=TC/(L- Us- V) 3
where
Us (NT$/time per ship): the unit time cost of one ship at the
port
V: Average handling volume per ship at the port (tons or
TEUS)
A: Ship arrival rate (ships/hour)
The dimensional analysisof UC in Eq. (4) isasfollows:
UC TC $/hr _ $/TEU @)

“AV-U, ship/hr-TEU/shipU, U,

Thus, theratio of thetotal cost at the port per unit cargo and
the unit time cost per ship is therefore non-dimensional. Fur-
ther details on the UC indicator can be found in [14, 16, 32].

Plan  Carrier  Scheme Remark

Present situation, separately rent T3 terminal #70 and T4 terminal #120,

! berth_length = 640 m and C No =7 sefs

— Cl 2 After build, rent T6 terminal #123-126, berth_length = 1500 m and C_No = 12 sets

For comparison with Scheme 1, set berth_length = 640 m and C No = 7 sets

Present situation, separately rent T4 terminal #115~117 and T5

terminal #79~81, berth_length = 1731.88 m and C_No = 16 sets

After adjust, rent T4 terminal #115~119, berth_length=1556.88 m and C No =
16 sets

For comparison with Scheme 1, set berth_length = 1731.88 m and C No=

16 sets

Plan 1

Present situation, separately rent T4 terminal #118~119 and TS5 terminal
#76~77, berth_length = 1306.08 m and C_No = 11 sets

After adjust, rent T5 terminal #76~79, berth_length = 1351.01 m and
C_No=13 sets

—C3 2

“— 3 For comparison with Scheme 1, set berth_length = 1306.08 m and C No = 11 sets

Fig. 4. The proposed compar ative structuresof plan I.

A reasonable evaluation criterion can be achieved by the
definition of the UC. It isnoted that the lower the value of the
UC indicator the lower thetotal cost of the unit cargo. In other
words, the port will be performing more efficiently. When
increasing the ship number in the ssmulation model, the UC
indicator will show concave upward trend meaning the best
performance status can be determined.

Longer service times for the ships would result in longer
waiting times when the port has insufficient equipment and the
capacity of the terminal is aso insufficient. In addition, the
waiting time factor (the ratio of the average waiting timeto the
average service time, AWT/AST) and the average waiting
times (W,) are aso presented as supplements for referencein
this study.

IV.APPLICATION OF THE PORT SYSTEM
SIMULATION MODEL

1. BerthsAreAdjusted to Improvethe Plan

Assuming that the T6 container termina of the Port of
Kaohsiung is operating, this study conducted a comparative
analysis of the operational performances for the cases of be-
fore and after adjusting the berths of the container terminal.
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Table 5. Berth improvement of plan I1.

Ocean Present condition after adjustment o
. - - Exchange principle
carrier Berth No. Terminal No. Berth No. Termina No.
#70 T3 . .
C1 #123-126 T6 #123~126 (Carrier C1's subsidiary company)
#120 T4
#79-81 T5 1. #116~117 of Carrier C2 exchanges with #76~77 of Carrier C3.
c2 #115-117 T4 #76-81 T 2. #115 of Carrier C2 exchanges with #78 of Carrier C5.
#76-77 T5 . ) .
C3 #116-119 T4 #76~77 of Carrier C3 exchanges with #116~117 of Carrier C2.
#118-119 T4
c4 #68-69 T3 #68-70 T3 Consider increase chartering #70.
C5 #78 T5 #120 T4 Exchange rent #120 of Carrier C1.

Note: #115 not yet rent out.

a. Plan| (Carrier C2 concentrated on the T4 terminal and Car-
rier C3 concentrated on the T5 terminal): Four sets of berth
(#123-126) of T6 container terminal are chartered by C1
carrier’'s subsidiary company. The lease for berths #70 (T3)
and #120 (T4) was assumed to be terminated making these
berths available to other carriers for chartering. Therefore,
the berths of the T3, T4 and T5 container terminals can be
readjusted. In conclusion, the adjusting principle for Plan |
isto concentrate Carrier C2 onthe T4, Carrier C3 onthe T5,
and has Carrier C4 rent the #70 (T3) from Carrier C1, while
surplus #120 for other carrier to charter.

Table 4 depicts the berth improvement of Plan |. The pro-
posed comparative structures of plan | are shown in Fig. 4.

b. Plan Il (Carrier C2 concentrated on the T5 terminal and the
Carrier C3 concentrated on the T4 terminal): Similar to plan
I, theadjusted principlefor Plan Il isto concentrate Carrier
C2ontheT5 and Carrier C3 onthe T4.

Table 5 depicts the berth improvement of plan Il. The pro-
posed comparative structures of plan Il are shown in Fig. 5.

For all the Scheme of Plans | and Il, the annual number of
ships for Carriers C1, C2 and C3 are 863, 1,638 and 1,302,
respectively.

For the Carrier C1, the Plans | and | have the same design
situation. The Scheme 1 scenario is the present situation re-
gardless of how Plans | or Il are proposed. The Scheme 2
scenario istheresult of the actual situation of theterminal after
the berth adjustment. And the Scheme 3 scenario was de-
signed to analyze and compare with Scheme 1 provided that
the berth length and the number of crane are the same.

In addition, the degree of the improvement after the ad-
justment can be appreciated by increasing the number of ships
close to the same service standard currently been imple-
mented.

2. Simulation Results of the Berth Improvement Plan

1) The Smulation Results of Carrier C1 Berth Adjustment

Table 1 clearly delineates how carrier C1 charters their
berth dispersal in the different container terminals for ship

Plan Carrier ~ Scheme Remark

Present situation, separately rent T3 terminal #70 and T4 terminal #120,
berth_length = 640 m and C No = 7 sets

After build, rent T6 terminal #123-126, berth_length = 1500 m and C_No = 12 sets

— 1

For comparison with Scheme 1, set berth_length = 640 m and C_No = 7 sets

Present situation, separately rent T4 terminal #115~117 and T5 terminal
#79~81, berth _length=1731.88 m and C No = 16 sets

After adjust, rent T5 terminal #76~79 and #80-81, berth_length = 1811.08 m

- 2
Plan 11 a ~ and C_No=16 sets

For comparison with Scheme 1, set berth_length = 1731.88 m and C_No = 16 sets

Present situation, separately rent T4 terminal #118~119 and TS terminal
#76~77, berth_length = 1306.08 m and C No = 11 sets

After adjust, rent T4 terminal #116~119, berth_length = 1236.88 m and
C No=11 sets

— 1

— @ 2

“— 3 For comparison with Scheme 1, set berth_length = 130608 m and C_No = 11 sets

Fig. 5. The proposed comparative structuresof plan I1.

mooring, berth dispatching, sharing of equipment and cargo
turnover. The current berth arrangement results in reduced
convenience, increased operating costs, and an overall reduc-
tionin efficiency for Carrier C1.

Considering the future trend of ship-size maximization, this
study classified ship-lengths into six levels, based on the
proposed evolution of containerships of Yang [42] as shown
inFig. 6.

Following the aforementioned classification of shipsin the
actual situation, the mapping of the distribution of Carrier C1
containershipscan berendered intheform showninFig. 7. As
demonstrated in Fig. 7, Category B (in which the length of
ship is between 135~215 meters) has 475 ships at the most.

Because Carrier C1 rents berths that are dispersed in dif-
ferent container terminals and the length of berths #70 and
#120 is 320 meters, the mooring of the five containerships of
C1 with lengths more than 320 meters (see Fig. 7) must require
the assistance of carrier C4, an aly of C1. Thus, the berth dis-
patch falls short of efficiency.

Container terminal must gear up to meet the challenge of
handling mega-vessels capable of carrying 10,000-12,000
TEUs. When the T6 container terminal is completed, it can
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Table 6. Carrier Cl-analysis of berth improvement scheme.

Scheme C_No (sets) C_SET Wy (hr) Vu (hr) AWT/AST uc Berth_No
1 7 4,3 3.77 24.50 0.154 0.0992 2
2 12 12 0.03 23.90 0.001 0.2225 4
3 7 7 2.26 23.81 0.095 0.0953 2

Note: 1. Scheme 1: present situation, separately rent T3 termina #70 and T4 terminal #120, berth_lenth = 640 m, C_No = 7 sets, V = 635

(units/ship), SHIP_NO = 863 (ships/year).

2. Scheme 2: after build, rent T6 terminal #123-126, berth_lenth = 1,500 m and C_No = 12 sets.
3. Scheme 3: for comparison with Scheme 1, set berth_lenth = 640 m and, C_No = 7 sets.

First Generation (1956-1970) Length  Draft TEU
* Converted Cargo Vessel 135m 500
<9m

h Converted Tanker 200 m 800

Second Generation (1970-1980)

e inershi 5 1,000~
Cellular Containership 215m 10 m

Third Generation (1980-1988)

A 20m 3,000

Panamax Class 11-12m
ey o a000

Fourth Generation (1988-2000)

ost Panamax 275 — 4,000~

|

11-13m

Fifth Generation (2000-2005)

Post Panamax Plus
5,000 —

|

335m 13-14m

Fig. 6. Classification of containershipsby progressive evolution.

facilitate the services offered in supporting the large-scale of
ships, by adjusting for various types of ship. By virtue of
establishment of Plans | or Il, the degree of the performance
can be understood.

The simulation data shown in Fig. 8 with reference to the
Port of Kaohsiung in 2008 provide the ship data of carrier C1,
according to the length of the ship typeillustrated in Fig. 6 as
the analog input assumptions. The Kaohsiung harbor bureau
data of ship movements and the data of harbor work records
werethe main input data sourcesfor thissimulation. Theinput
data were very detail and complete, consisting of time of
ship’s arrival, ship’s waiting time (ships waiting to alongside
the berth and access port equipment), time alongside the berth
(service begins), service time (loading/unloading time), ship’s
idletime and departuretime (service ends). Other carriersalso
refer to this approach.

The T6 container terminals will be compatible with fixed
facilities in the initial stage, namely having 4 sets of berths
with the length of 1,500 metersin total and 12 sets of QCs. It
is instructive to compare actual circumstances with the pro-
jected operational benefits of the T6 container terminal. Table
6 summarized the simulation results for the studied schemes.

Scheme 1 represents the present situation with 2 sets of
berths being utilized, dispersing their loads into different
container terminals. The disposition of cranes is C SET =
(4,3), and W, = 3.77 hours.

2007 475 S_L: Ship Length
450+ A:S L<135
400+ B: 135<=8 L <215
C:215<=S_L <250
3507 D:250 <=S_L <275
s 300F E:275<=S L <335
Z F:S_L>=335
‘s 250}
@ 200t
150 141 133
100} I 66
43
50+
0 L 1 . L L ._A_i_l
A B C D E F

Ship Classfy
Fig. 7. Distribution of ships classified by number Carrier C1.

450 S_L: Ship Length
400 396 A:S L<135
B:135<=S L<2I5
350 C:215<=S L <250
300 + D: 250 <=S L <275
=} E:275<=S L <335
% 250 217 F:S L>=335
5 200r
150 +
1000 s 82 88
"Ll | e
0 1 1 1 1 TR e
A B C D E F

Ship Classfy

Fig. 8. Distribution of ships classified by number Carrier C1 (the as-
sumption of increase lar ge-scale ship).

Scheme 2 models a scenario that the T6 container terminal
will be built. Thisscenario has characteristicsthat issimilar to
Scheme 1 with SHIP_NO = 863 (ships/year) except that the
number of berth will be 4 sets and all activities will be con-
centrated on the same container terminal. If 12 cranes may be
deployed simultaneously, the average waiting time of ship (W)
would become 0.03 hours, presenting a significant improve-
ment.
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Table7. Carrier C1-comparative analysis of the scheme 3.

Indicator Wy AWT/AST ucC
values 2.26 0.095 0.0953
A% -40.1% -38.3% -3.9%

Notes: 1. at present: W = 3.77, AWT/AST = 0.154, UC = 0.0992.
2. A%: Change % compared with present situation. For example, Wy, (2.26-3.77)/3.77 = -0.4005.

Table 8. Carrier C1- Scheme 2 variance capacity (ship number).

SHIP_NO (shipslyear) W, (hr) TO_TEUSs (Thousand) A%(TEUS) AWT/AST uc
863 0.03 548 0.001 0.2225
1063 0.07 675 23.17% 0.003 0.1842
2863 3.30 1835 234.88% 0.120 0.1065
3063 6.41 1970 259.40% 0.227 0.1101

Notes: 1. A%(TEU): Change % of total handling volumes compared with present situation. For example, SHIP_NO = 1063, (675-548)/548 =
0.2317.

2. Crane_No = 12, Berth_No =4, berth_lenth = 1500 m.

Table 9. Analysisof berth improvement for the plan_I-Carrier C2.

Scheme C_No (sets) C SET W (hr) L (hr) AWT/AST ucC
1 16 (8,4,4) 2381 24.70 0.114 0.1651
2 16 16 1.43 21.90 0.065 0.1383
3 16 16 1.02 22.24 0.046 0.1385

Notes: 1. Scheme1: present situation, separately rent T4 terminal #115~117 & T5 terminal #79~81 and berth_length=1731.88 m, C_No =16
sets, V =855 (units/ship), SHIP_NO = 1,638 (ships/year), TO_TEUs = 1,400 (Thousand TEUS).
2. Scheme 2: after adjust, rent T4 terminal #115~119, berth_length = 1556.88 m and C_No = 16 sets.
3. Scheme 3: for comparison with Scheme 1, set berth_length = 1731.88 m and C_No = 16 sets.

Because of mixed assumptions have been made in the
schemes discussed above, it is difficult to have one scheme
being always superior to the other. However, some genera
comparison results may be observed. Specifically, Carrier C1
only charters 2 sets of berth and 7 sets of cranes with the same
available servicefacilities, and making this scenario Scheme 3
(after adjust, for comparison with Scheme 1 have the same
scenario). Furthermore, Table 7 showsthat the other two types
of evaluation indicators have also improved, with the W,
component reaching a reduction of 40.1%.

The simulation results for Scheme 3 summarized in Table 8
were obtained by assuming that the SHIP_NO was increased
by 20 ships every year. When the SHIP_NO is increased to
2,863 ships, the result yields W, = 3.30; that is close to that of
3.77 hours of the present situation in Scheme 1. These results
indicate that Scheme 2 can produce an increase of 2,000 ships
increase in capacity and about 1,300 thousand TEUs in total
handling volumes (TO_TEUs) when compared to the present
situation.

In addition, this research also used the UC indicator to as-
certain realistic expectations of achievable volume. The
simulation results shown in Table 8 revea that when
SHIP_NO = 2,863, UC = 0.1065, the lowest recorded values.

This situation is also consistent with the analytical framework
used to evaluate the simulation results in this paper.

2) The simulation Results of the Berth Improvement in Plan |

A. Carrier C2 operation strategy (Concentrated on the T4
container terminal)

Carrier C2 rents five sets of berth in the Port of Kaohsiung,
dispersed in the T4 and T5 container terminals. The berth
disposition in the T5 container termina is protruding type,
rendering its crane deployment asC_SET = (8,4,4). Although
there are 16 sets of cranes, the design is not flexible enough to
facilitate sharing, thus mitigating its operationa efficiency.
The simulation result for the same set out as Scheme 1 is
shownin Table 9.

Table 9 shows that W, = 2.81 hours, which is increased
relatively to the detention time at port. For Scheme 2, Table 4
(plan 1) that adjusts the berths to concentrate on the T4 con-
tainer terminal is still hold. In this analysis, the number of
berths and cranes remain 5 and 16 sets respectively, except
that its berth deployment is the linear type. Dispatch is flexi-
ble given that all cranes can be supported and shared. After
these changes, the simulation results show that Wy is lowered
to 1.43 hours and the UC value is aso reduced to 0.1383.
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Table 10. Plan |-Carrier C2-Scheme 2 variance capacity (ship number).

SHIP_NO (ships/year) Wy (hr) TO_TEUs (Thousand) AWT/AST uc

1638 1.43 1400 0.065 0.1383

1688 2.03 1469 0.092 0.1347

1738 2.09 1512 0.094 0.1334

1788 2.88 1550 0.129 0.1325

1838 343 1605 0.153 0.1317

Table 11. Analysisof berth improvement for the plan |-Carrier C3.

Scheme C_No (sets) C_SET Wy (hr) Lp (hr) AWT/AST uc
1 1 (5,2,4) 2.44 19.70 0.124 0.1540
2 13 (2,10) 0.80 18.56 0.043 0.1593
3 11 (2,9 0.92 18.99 0.048 0.1494

Notes: 1. Scheme 1: present situation, separately rent T4 terminal #118~119 & T5 terminal #76~ 77 and berth_length=1316.08 m, C_No=11
sets, V = 751 (units/ship), SHIP_NO = 1,302 (ships/year), TO_TEUs = 978 (Thousand TEUS).
2. Scheme 2: after adjust, rent T5 terminal #76~79, berth_length = 1351.01 m and C_No = 13 sets.
3. Scheme 3: for comparison with Scheme 1, set berth_length = 1316.08 m and C_No = 11 sets.

Table 12. Plan I-Carrier C3-Scheme 2 variance capacity (ship number).

SHIP_NO (shipslyear) Wy (hr) TO_TEUs (Thousand) AWT/AST ucC
1302 0.80 978 0.043 0.1593
1352 111 1019 0.060 0.1539
1552 245 1145 0.134 0.1457
1602 2.88 1214 0.154 0.1393

For comparability, the berth length of Scheme 2 (1556.88 m)
was changed to 1731.88 meters in Scheme 3 equivalent to the
Scheme 1 situation. As a result, W, can be reduced to 1.02
hours, with the relevant UC value being reduced to 0.0002.

For Scheme 2, if the number of ship isincreased to 1,788
ships, then as shown in Table 10, W, would be 2.88 hours,
very closeto that of the present situation (W, = 2.81).

The TO_TEUswould reach 1,550 thousand TEUswhich is
150 thousand TEUs or 10.69% higher than that of the Scheme
1 situation. There is till a need for improvement through
further concentration of the berths in T4 container terminal,
along with the length of the berth being reduced to 1,556.55
meters.

B. Carrier C3 operational strategy (concentrated on the TS
container terminal)

Carrier C3, similar to Carrier C2, rents 4 sets of berthin the
Port of Kaohsiung, and disperses in the T4 and T5 container
terminals. Thus the disposition of its cranes is C_ SET =
(5,2,4), encompassing 11 sets of cranes, thereby causing con-
siderable inconvenience to berth dispatch and equipment de-
ployment.

The simulation result of Scheme 1 shown in Table 11 for
Carrier C3 indicates that Wy = 2.44 hours. This result is no-
tably lower than the W, value of Carrier C2 presented in Table

9, for reducing the number of ship visits by about 300 ayear.

Based on the adjustments made in Table 4, the berths that
concentrate on the T5 container terminal are 4 sets and the
numbers of cranes are increased to 13 sets. Its berth dispersal
remains the protruding type resulting in one set of berth and 2
sets of cranes are unable to support sharing. After adjustment,
all berths would concentrate on the same container terminal,
causing W, to drop to 0.8 hours, and the UC value to increase
t0 0.1593.

For comparability, the berth length of Scheme 2 (1351.01 m)
was changed to 1316.08 meters in Scheme 3. And in berths
#77-79 the number of cranes is reduced by 2 sets making the
total volume of cranesis reduced to 11 sets and dispersal re-
tains its present configuration. After making the changes
discussed above in the simulation, W, would incresse to 0.92
hours, and the UC value would reduce to 0.1494.

To find out this situation, its variation degree of cargo han-
dling capacities will be understood by increasing the annual
number of mooring berth by 50 ships, as shown in Table 12.

For Scheme 2, if the number of ship isincreased to 1,552
ships, then W, would be 2.45 hours, very close to the service
level of the present situation (W = 2.44). In this case, the
TO_TEUs would reach 1,145 thousand TEUs which is 167
thousand TEUs or 17.14% more than that of the present
situation.
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Table 13. Analysisof berth improvement for the plan I1-Carrier C2.

Scheme C_No (sets) C_SET Wy (hr) Ly (hr) AWT/AST uc
1 16 (8.4.4) 281 24.70 0.114 0.1651
2 16 (2,10,9) 2.69 26.08 0.103 0.1787
3 16 (2,20,9) 3.73 26.17 0.143 0.1805
Notes: 1. Scheme 1: present situation, like plan |.
2. Scheme 2: after adjust, rent T5 terminal #76 ~79 and #80~81, berth_length = 1811.08 m and C_No = 16 sets.
3. Scheme 3: for comparison with Scheme 1, set berth_|length = 1731.88 m and C_No = 16 sets.
Table 14. Plan I1-Carrier C2-Scheme 2 variance capacity (ship number).
SHIP_NO (shipslyear) W, (hr) TO_TEUSs (Thousand) AWT/AST uc
1638 2.69 1400 0.103 0.1787
1648 294 1432 0.112 0.1791
1658 3.49 1441 0.132 0.1804
Table 15. Analysis of berth improvement for the plan I1-Carrier C3.
Scheme C_No (sets) C SET W, (hr) L (hr) AWT/AST uc
1 1 (5,2,4) 244 19.70 0.124 0.1540
2 1 0.57 14.53 0.039 0.1355
3 11 0.43 14.53 0.029 0.1217

Notes: 1. Scheme 1: present situation, like plan_1.

2. Scheme 2: after adjust rent T4 terminal #116~119, berth_length = 1236.88 m and C_No = 11 sets.
3. Scheme 3: for comparison with Scheme 1, set berth_|ength = 1316.08 m and C_No = 11 sets.

3) The Smulation Results of Berth Adjustment Improvement
Planl

A. Carrier C2 operational strategy (concentrated on the TS5
container terminal)

The T5 container terminal utilizes a double protruding type
of berth deployment. And after the adjustment, the dispersal
of the cranesis C_SET = (2,10,4). For Scheme 2, the berth
numbers and crane numbers respectively remain 5 and 16 sets.
However, the simulation results illustrated in Table 13 revesal
that the W, values would slightly decrease to 2.69 hours while
the UC value would increase to 0.1787. These simulation
results were caused mainly because that after the adjustment
the length of the berth would increase by 79.2 meters.

For comparability, the berth length of Scheme 2 was
changed to 1731.88 meters in Scheme 3, making it equals to
the present situation. In this case, as shown in Table 13, W
would contrarily increase to 3.73 hours which is 0.92 hours
more than that of the present situation. UC value would in-
creaseto 0.1805. Thus, this scheme is unsatisfactory for Car-
rier C2.

For Scheme 2, as shown in Table 14, if the number of ship
isincreased to 1,648 ships, then W, would become 2.94 hours,
higher than the service level of the present situation (W, =
2.81). This simulation result reveals that with the doubled

protruding type of berth, berth concentration on the same
terminal does not appear to improve efficiency.

B. Carrier C3 operationa strategy (concentrated on the T4
container terminal)

Carrier C3, as previously mentioned, utilizes arented berth
and a protruding form of deployment, causing inconvenience
in using the berth and cranes.

ThePlan Il demonstrated in Table 5 proposes that berths be
concentrated on the T4 container terminal. After the adjust-
ment, the numbers of berth and crane remain unchanged.
Berth deployment, however, is changed to a linear type that
allows sharing of the berths and cranes.

For Scheme 2, simulation results shown in Table 15 indi-
cate that W, would be lowered to 0.57 hours, and AWT/AST
and UC values would be also reduced to 0.039 and 0.1355, re-
spectively, representing significant improvements.

For comparability, the berth length of Scheme 2 was
changed to 1316.08 metersin Scheme 3. The total number of
cranes remains unchanged. Deployment remains identical to
the present situation. Simulation results for this case indicate
that when the length of berth is increased by 79.2 meters, W
would decreaseto 0.43 hours, and the values of AWT/AST and
UC would decrease to 0.029 and 0.1217, respectively.
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Table 16. Plan I1-Carrier C3-Scheme 2 variance capacity (ship number).
SHIP_NO (ships/year) Wy (hr) TO_TEUSs (Thousand) AWT/AST uc
1302 0.57 978 0.039 0.1355
1352 0.72 1019 0.049 0.1314
1752 254 1340 0.159 0.1198
1802 2.68 1357 0.166 0.1204
Table17. Comparative analysisof plans| and I1.
Carrier Indicator
Efficiency Indicator Effective Indicator Efficiency and Effective Indicator
Plan W, A% TO TEUs A% AWT/AST A% uc A%
C1 0.03 -99.2% 1835 234.8% 0.001 -98.9% 0.2225 134.2%
I c2 143 -49.1% 1550 10.7% 0.065 -43.0% 0.1383 -16.2%
C3 0.80 -67.2% 1145 17.14% 0.043 -65.3% 0.1593 3.4%
C1 0.03 -99.2% 1835 234.8% 0.001 -98.9% 0.2225 134.2%
I c2 2.69 -4.3% 1432 2.26% 0.103 -9.6% 0.1787 8.2%
C3 0.57 -76.6% 1340 37.07% 0.039 -68.5% 0.1355 -12.0%

Notes: 1. Carrier C1 (at present): W, = 3.77, TO_TEUs = 548, AWT/AST = 0.095, UC = 0.0953.
2. Carrier C2 (at present): W, = 2.81, TO_TEUs = 1400, AWT/AST = 0.114, UC = 0.1651.
3. Carrier C3 (at present): Wq = 2.44, TO_TEUs = 978, AWT/AST = 0.124, UC = 0.1540.
4. A%: Change % of indicator compared with present situation, for example, Plan |, Carrier C2, about W, A% = (1.43-2.81)/2.81 =

-49.1%.
5. TO_TEUs units: Thousand.

The simulation results shown in Table 16 for Scheme 2 in-
dicate that when the number of ship isincreased to 1,752 ships,
W, would be 2.54 hours, very close to the service level of the
present situation (Wy = 2.44). The annual total handling
amount (TO_TEUSs) would reach 1,340 thousand TEUs which
is 362 thousand TEUs or 37.07% more than that of the present
situation.

3. A Comparative Analysis of Improvement Plans| and 11

For Plans| and I, the simulation results for Scheme 2 are
used in Table 17 to compare with the following major evalua-
tion indicators: efficiency (Wg), benefit (TO_TEUS), com-
bined efficiency and benefit (AWT/AST and UC).

For Carrier C2, the data presented in Table 17 show that the
evaluation indicators of plan | are superior to those of plan
I1. When compared to Scheme 1 of the present situation, Plan
I provides minor improvements in both the W, and the
AWT/AST indicator, but a greater (8.2%) improvement in the
UC indicator. On the other hand, Plan | would produces a
49.1% improvement in Wy indicator and a 16.2% improve-
ment in the UC indicator when compared to Scheme 1 of the
present situation.

After the adjustment with the berth concentrating on the T4
container terminal, total length of berth would reduce, but
TO_TEUscan beimproved by 10.69%. Thus, Plan | would be
amore desirable candidate for Carrier C2.

The opposite situation occurs in Carrier C3 which concen-

trates on the T5 container termina after adjustment. In this
case, the berths would be arranged in the form of single pro-
truding type for disposition, but the total length of the berth
would increase. The results demonstrated in Table 17 show
that except for UC, the indicators of W, TO_TEUs and
AWT/AST would have more improvement in Plan Il than in
Plan |. The cause of this improvement is mainly due to the
increased cost of berth length. If the operation in Carrier C3
was focused on efficiency, further improvement in plan | can
also be achieved.

V. CONCLUSION

In the past, most governments hired out the berths to ocean
carriers. In recent years, companies such as COSCO and the
NEDLLOQOYD Ltd. (P&0O) and other large-scale shipping com-
panies have purchased container harborsin joint ventures with
the terminal operator. This trend change has led to the con-
struction of ports and an expansion of the operation plane.

The efficiency of a container terminal depends on the
smooth and efficient handling of containers. The Port of
Kaohsiung has successfully implemented a container terminal
operation and the port is now established as a mgjor global
business hub. However, the growing trend toward ship-size
maximization brings not only opportunities but also chal-
lengesto the port operator. These changes demand adaptation
to the current practices at the Port of Kaohsiung. At present,



this port cannot handle large-scal e throughput because its quay
length and berth depth of water are insufficient. Add to these
tally of deficiencies are assorted technological incompatibili-
ties (about berth, quay crane and yard crane to work in coor-
dination and support). On the other hand, the market is now
much more competitive; especially since Mainland China has
already successively built and finished a deepwater wharf in
recent years. If the competitiveness of the Port of Kaohsiung
is no longer promoted and it doesn't actively strive for the
source of goods, it will cause the ocean carriers that use the
port nowadays to leave. This situation will cause deep ex-
pense to Taiwanese economy. These changes demand major
reforms of the current practices at the Port of Kaohsiung.

This research used a simulation model to analyze the op-
eration of the Port of Kaohsiung after the completion of the
T6 container terminal. Major recommendations based on the
research results are summarized as follows:

1. The key result of the research shows that berth concentra-
tion and facility optimization can produce significant im-
provements in efficiency and effectiveness of port per-
formance. To achieve these changes, this study strongly

recommendsterminal privatization and technology upgrade.

Terminal privatization will enable terminal operators to
conduct business with full authority and offer professional
serviceswith fast decision-making procedures. Technology
upgrade, on the other hand, will increase the utilization rate
of port terminals. Implementation of both recommenda-
tionswill attract more cargoesin turn would reduce the unit
cost of the container cargo handling. Specificaly, the
simulation results show that the initial stage has 4 sets of
berth with atotal berth length of 1,500 meters, requiring 12
sets of crane to operate. Changes based on these recom-
mendations will be able to offer mooring to large-size
containerships that load more than 10,000 TEU. Further-
more, it would accommodate a reasonable capacity for
Carrier C1 with an annual berthing increase of 2,000 ships
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higher than the present situation, and total throughput of up
to 1,835 thousand TEUs. Besides, it may be expected that
these changes could increase the throughput by about 1,300
thousand TEUs containers every year. This result is an
improvement of 2.35 times in handling capacity when
compared to the present situation (548 thousand TEUS). If
Carrier C1 only builds and charters 2 sets of berth and 7 sets
of cranes while retaining the same service facilities at the
present level, four major evaluation indicators discussed in
thisstudy will all improve with aprojected 40.1% reduction
in W,

2. For the case of post completion of the intercontinental
container terminal, the research results show that if Carrier
C1 relinquishes charter berths (#70 and #120), Carriers C2
and C3 should seize the opportunity to charter and disperse
in accordance with the proper berth adjustment improve-
ment plan. Thisresearch providestwo kinds of rational and
feasible plans. Its operating assumption is that the rent of
carrier berths should be concentrated in the same container
terminal. Simulation results are presented through four
major evaluation indicators, offering a basis for compara-
tive analysis. The analysis indicates that one of the two
plans, Plan |, is particularly effective and efficient and can
be used by the port authority as an important basisfor future
port operation improvements.
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APPENDIX TABLE
TableAl. Accumulated probability table of ship inter-arrival.

classify L_vaue (MIN) U_vaue (MIN) Number (ships) Acc. Number (ships) Acc. Per. (%) (ships)

1 0 60 102 102 0.118
2 60 120 63 165 0.191
3 120 180 39 204 0.237
4 180 240 58 262 0.304
5 240 300 50 312 0.362
6 300 360 46 358 0.415
52 3060 3120 0 858 0.995
53 3120 3180 2 860 0.998
54 3180 3240 0 860 0.998
55 3240 3300 2 862 1

Notes: 1. Carrier C3 (#76~77, #118~119) an example.
2. Acc. Per.: Accumulate percentage.
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Table A2. Accumulated probability table of ship length, and draft, and load and unloading of container volumes.

Draft (m) N 9 g . g _ N
Stip length () 4-5 5-6 6~7 7-8 8~9 9~10 >13
100 521 0 521 1248 1947 0 _ 0
(1.16) (0) (2.32) (10.4) (1.16) ) (0)
287 243 655 923 0 0 0
100-120 (8.11) (113.5) (15.3) (1.16) (0) (0) (0)
377 308 633 875 0 0 0
120-140 (5.79) (44.0) (3.48) (5.79) (0) ) (0)
010-260 0 332 1338 1101 983 1165 ~ 0
(0) (1.16) (3.48) (12.25) (3.48) (2.32) (0)
260-280 618 295 720 1086 1460 1002 ~ 0
(3.48) (12.75) (23.17) (44.03) (69.52) (5.79) (0)

Notes: 1. Carrier C3 (#76~77, #118~119).
2. Among () represents the permillage of ship arrival rate.

TableA3-1. Accumulate ship numbers of container volumes and the assigned number of cranes.

Voal. 50 100 150 200 250 300 350 400 450 500
1 2 7 13 7 8 6 3 3 0 1
2 0 7 19 26 40 68 67 64 57 47
cranes 3 0 0 0 0 0 0 1 3 8 10
4 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0
Acc. ship numbers 2 14 32 33 48 74 71 70 65 58

Note: This Table shows the number of arrived shipsin accordance with the actual ship handling volume and the number of assigned cranes and
the accumulative number of ships (Acc. ship numbers) aswell.

Table A3-2. Ship probability table of container volumes and the assigned number of cranes.

Vol. 50 100 150 200 250 300 350 400 450 500
1 1 0.5 041 0.21 0.17 0.08 0.04 0.04 0 0.02
2 0 0.5 0.59 0.79 0.83 0.92 0.94 0.91 0.88 0.81
3 0 0 0 0 0 0 0.01 0.04 0.12 0.17

cranes

4 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0

Note: The Table estimates the ship number probability in accordance with Table A3-1.

Table A3-3. Ship accumulative probability table of container volumes and the assigned number of cranes.

Vol. 50 100 150 200 250 300 350 400 450 500
1 1 0.5 0.41 0.21 0.17 0.08 0.04 0.04 0 0.02
2 1 1 1 1 1 1 0.99 0.96 0.88 0.83
3 1 1 1 1 1 1 1 1 1 1

cranes

4 1 1 1 1 1 1 1 1 1 1
5 1 1 1 1 1 1 1 1 1 1
6 1 1 1 1 1 1 1 1 1 1

N

Note: This Table shows the ship accumulative probability in accordance with Table A3-
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Table A4. Accumulate probability table of number of cranesand efficiency of crane.

units: TEU/hour

rate 26 26.5 27 ~ 32 325 33
1 0.0137 0.0137 0.0137 ~ 0.9863 0.9932 0.9932
2 0.0135 0.0212 0.027 ~ 0.9942 0.9981 0.9981
3 0.0088 0.0132 0.0175 ~ 0.9956 0.9956 0.9956
cranes 4 0 0 0 ~ 1 1 1
5 0 0 0 ~ 1 1 1
6 0 0 0 ~ 1 1 1
Note: Carrier C3 (#76~77, #118~119) an example.
Table A5. Test the significance of the variablesfor an ocean carrier.
variables \ A Wy Up
v 2.100 0.001 0.206 0.095
Carrier C1 S 11.6422 0.0033 0.7001 0.2821
a=0.05 2.0452 2.0452 2.0452 2.0452
= 0.9880 1.4126 1.6122 1.8507
P value = 0.3313 0.1684 0.1178 0.0744
v 0.6667 0.0014 0.0638 0.1379
S 16.2084 0.0052 0.6394 0.4373
Carrier C2 a=0.05 2.0452 2.0452 2.0452 2.0452
= 0.2253 1.4972 0.5468 1.7271
P value = 0.8233 0.1451 0.5887 0.0948
174 5.9670 0.0012 0.0347 0.1538
S 18.1041 0.0037 0.6578 0.4516
Carrier C3 a=0.05 2.0452 2.0452 2.0452 2.0452
= 1.8053 1.8058 0.2887 1.8654
P value = 0.0814 0.0813 0.7748 0.0723
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