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Abstract
The main problem of empty containgrs tlonl R) is to dispatch the empty
containers among the ports meanwhile e costs ossmle as. According to the

actual operations, the stock policy an Qg ous ¢ s ns are considered together in this
paper firstly. Then we build a m perio 0%gmal cost programming optimization
model with stock to solve g@ em. Fu ore we adopt the heuristic rule to
effectively operate the empty tamers there is a large amount of calculation.
Finally, some simulate data are g|v ss the model. The results show that our
proposed model is fe.asé;‘ud effic minimize the operation cost as well as satisfy

the demand of cu Moreo e analyzing the data it can guide us to set the
inventory of emp mer s in different supply and demand scenarios.
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1. Introduction . 7y

With the exp@n of global trades, in the international transportation systems
especially th aritime transportation systems, the container transportation has been
increasing-sifige its safe and inexpensive mode. According to incomplete statistics, for the
whole j tional transport of commodity, more than 80% of them are dealt with by sea,
a than 60% of the goods in the shipping are transported by containers.
Fu more, the rate is rising with the acceleration of trades among the countries.
However, because of the trade imbalance, it may result in the excess of empty containers
in some ports (surplus ports) and scarcity in other ports (deficit ports). For instance, the
container cargo flow from Asia to US has approximately 4 million TEUs, while in the
opposite direction there are 3.5 million TEUs in 1995. In 2005, the former became 12.4
million and the latter 4.2 million. When the time came to 2007, the annual flow difference
between Asia to the US is 10.5 million TEUs [1]. The imbalance trend is more and more
obvious.

The existing of surplus and deficit ports has involving many operation costs for liner
operator, such as transportation costs between deficit ports and surplus ones, inventory
costs of excess empty containers in surplus ports, leasing costs of demand empty
containers in deficit ports. Therefore, it is urgent to study the problem of empty containers
repositioning (ECR). Since the ECR itself does not generate any profit, reasonable
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repositioning strategies especially by the vacant vessel space with the laden containers
can save many costs for liner operators. In generally the liners have the tight schedules,
port-calling sequence, and arrival and departure times at ports. So it is critical to relocate
empty containers on the basis of the schedule of liners given aforehand and residual
transportation capacity left by laden containers and discharged. However, due to the
complicated factors influencing ECR strategy, it is always considered to be a challenging
combinational optimization problem.

Several ECR strategies have been focused on. They mainly include twofold: firstly it is
the inventory-based control mechanisms for empty containers management [4, 11, 12].
Secondly it adopts the dynamic network programming methods to solve this problem
[13-15]. Cheung and Chen [2] model ECR as a two-stage stochastic optimization model.
They propose a time space network model which is the opening maritime ECRQetwosk
modeling for discussion. Lam et al. [10] apply the actual service schedule %Mhe

general networking techniques to shipping industry can be developed. imate
dynamic programming approach in operational strategies for ECR is propos
Wang [8] combine the hub-and-spoke and multi-port-a%'v operati i

shipping service network and develop a mixed-integer ogram
et al. [3] consider the factor of long-term leasi ers fo&?éking the dynamic
4] stu e transportation between
of joint ca outing and ECR at the

random ECR. To reduce the number of ECR, Li
ports. Song and Dong [5] deal with the prob

operational level for a shipping network wi tiples e ‘routes, multiple deployed
vessels, and multiple regular voyages. corporate%f rtainties in the operations
model, Long et al. [6] formulate a tw %Se stochasfi€ programming model with random
demand, supply, ship weight capacﬁ;n shi @apacity. To minimize the total cost,
Song and Dong [7] study a sing r long-h rvice route design problem including
route structure design, ship de ent, an R.

From the literatures ab we obs r some points need to be considered further.
Firstly most present s only f et on the operational cost while ignoring the
temporary demand dIy sin e is a large amount of calculation in the problem
of ECR, the com aI ti to be involved. Thirdly some works, e.g. [9] consider
penalty cost j f leasing his is blamed for difficultly quantify since it may be
lost the curr even futdire sales

In this paper, we fir opt the stock strategy to attack the temporary demands of
ports and avoid the rapid=increasing of leasing costs. Secondly, owing to the complexity

heuristic mechanism to improve the computational performance.
inly distinguishes deficit and surplus ports in each period to reduce

the compu ﬁgal times. Thirdly, we consider the minimal cost of multiple periods since
the Iin@o riodically. Combining with the constraints conditions such as repositioning

capaci sel space etc, we propose the model: Multiple Periods Minimal Cost Model

(MP-MCMS) for ECR, to solve this problem. This model can satisfy all the
dentgrid empty containers in deficit ports in different period and subject to the various
constraints. Finally some simulate experiments are represented to evaluate the proposed
model. The results show that it is efficient and effective. In addition, by using this model
it can also support us to adjust the stocks to fit the demands in different relationships
between supply and demand since they may change with the season.

The remainder of this paper is organized as follows. In Section 2, some preliminaries
are given including model assumptions and model variables. Section 3 presents the model:
MP-MCMS. The simulations and analysis are described in Section 4. Finally, the
conclusions and future research are given in Section 5.
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2. Preliminaries

2.1. Problem Description

The problem of ECR has become one of the important ones faced by liner operators, as
it is almost impossible to avoid the redistribution of empty containers between ports
owing to the imbalance trades. For surplus ports the empty containers need to be exported
to deficit ones or deports. The repositioning policy has twofold benefits: one is to
decrease inventory costs of surplus ports, and another may relieve the pressure of demand
empty containers of deficit ports. Furthermore if the deficit ports obtain the demand
empty containers as possible as quickly, it can reduce the probability of leasing ones.
Generally speaking, leasing costs are higher than repositioning ones. In most of he time
the leasing strategy has to be used to satisfy the demands. For exampl are
stock-out of empty containers in ports or no residual vessel space e%vempty
containers from surplus ports to deficit ones. C)

2.2. Model Assumptions

Since the factors affecting ECR strategy are r'c ple |n paper we suppose
that the model is subject to the following assumptiQns multiple periods and
multiple ports, where each port has a supplysand/or de manthfor empty containers in

different periods. The demand or supply,e ontalne orts are stable and known a
prior in different periods. Regardless pair a p of containers, i.e., all of the
containers are available. There is n on t er of leasing containers for each
port in any moment. All t rs ar»ivE nds are measured in TEUs. The
inventory spaces of empty cmé are unres ed for each port in any moment. The
demand empty containers must satlsfle ach port and period.

2.3. Model varlables

The model va sed in tm%aper are given as follows.
Paramete '@
P: set of p@
P set of surplus por%
period t.

P*: set of surplus
P set of defici .
P set of defi rts in period t.
PO set lance ports that do not ship or receive empty containers.
P°%: set ance ports in period t.
i dentifier, i,j € {1, 2, ..., |P|}, where |-| is the cardinality of set.
ds,t € {1,2,... T}, where T is the length of planning horizon.

" umber of supply empty containers in port i and period t.

Di": number of demand empty containers in port i and period t.
Ci': loading cost of container in port i (unit: $/container/time).
Ci": unloading cost of container in port i (unit: $/container/time).
Ci": leasing cost of container in port i (unit: $/container/time).
Ci'": inventory cost of container in port i (unit: $/container/time).
C;": transportation cost from surplus port i to deficit port j (unit: $/container).
Cap;": capacity constraint of ECR from port i to port j in period t.
Inv0;: initial inventory of port i.
Invi": inventory of port i in period t, where 0 <t < T.
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3. ECR Model

3.1. f;: MP-MCMS

For f; when the demand empty containers cannot be satisfied by the transportation
mode, we consider to lease them from the vendors. In each period teT, if the number of
supply empty containers of port i plus the inventory minus the demand ones is larger than
zero, we call it as surplus port in period t, namely, p*.€P";. Otherwise the deficit port. That
is pEP. It is easy to discover that the set of P*; and P are changed along with the time.

3.2. Decision Variables

For the three key issues of ECR: when, where and how many, the decision va les Tn
f, are defined as follows:

(1) try" it represents the number of ECR from port i to port j in period t

(2) renti": it describes the number of leasing empty cont nerinp erlod t. It
supplies the important and additional supplement of eﬁﬁontam the vendors
once the empty containers do not reach the destlnatlon red,orf time.

3.3. Objective Function X

Based on the actual business of liner co the, ctive function in our paper is
to minimize the whole operational co hole pl g horizon T. Obviously, the
demand empty containers in deficit po%ﬁd eriod must be achieved by either
repositioning or leasing. The empty/S¢comtain rtatlon occurs the transportation
costs meanwhile the Iea5| ers pr% the leasing ones. In addition, the
redundant empty containers rplus p have the inventory costs. So the objective
function can be expressed 1), where t term is transportation cost, loading cost in
surplus ports, and unlo ost in ports The second term stands for the leasing
cost in deficit port last ter e mventory cost in surplus ports.

Min f; =
ZteT ZIEPE, + Clé * trll + ZtET Z]EPt C * rent + ZteT Zlept C * Il’lVl,
1)

3.4. The Constr%&nditions

The container s that are inbound and outbound at a port in period t include several
factors sho%%s Figure 1, where the supply is the containers that are returned from the
consigne demand is the consignors’ demands for empty containers, exporting is
rep it@ng from surplus ports to deficit ports, importing is inverse flows of exporting

ontainers, leasing is the leasing empty containers from the vendors to ensure the
cons¥gnors’ demands, and the inventory is the stock of current port until current period.
The above factors directly affect the number of empty containers in each period of ports.
So we consider the following constraints conditions.
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Figure 1. The Container Flows in Ports z

Y

anted as (1)z\where the first term
cond third terms describe the
and fifthertis show the difference

explair%he number of leasing empty

(1) Inventory constraint

The inventory at port i in period t can be -:
represents the inventory of previous period t-1,
demand and supply of current period, the fourth
between the import and export, and the la %r
containers. Note that when t 0 the Inv,t 2

Invf = Inv{~ Ept Ep tr + rent}; 2)
To ensure the temporary de a av0| rm many repositioning of empty
containers, we also consider ng some |n stock So the Inv;* should subject to
(3), which represents the stock ges frem nd ub. It also refers to as safe stock level.
Since it is not our focus, we as it has been given beforehand. If it is less
than Ib, the port i shpu porte mpty containers. Otherwise if it is larger than
ub, the empty cont e;; ed to Xp rted from the port i.
‘%vlePteTub>lb>0 3)

(2) Trans;@ constr
‘% D} +Sf > Yjepe trf;; Vi€ PLtET; )
é‘ D + S| < Yiept tri; Vj€ PLLET; (5)
Only do the EC place when the surplus and deficit ports exist in the same period
t. As the supplyl«%td empty containers in surplus/deficit ports are limit, the number of
dispatchingyoties to the deficit ports must be subject to (4) and (5), where (4) describes the
outbound containers for each surplus port in each t should be less than its available
ones, ( ains the inbound empty containers from all surplus ports to some deficit port
hould be larger than its inventory of previous period minus net demand empty
co ers, and || represents the corresponding absolute value.
(3) Repositioning capacity constraint
The number of empty containers that are repositioned from surplus ports to deficit
ports in period t cannot exceed the vacant vessel space in corresponding t shown as (6).
trf; < Capj;, Vi €PL,j EPLLET; (6)
(4) Leasing constraint
Once the transportation empty containers cannot satisfy the demands, the leasing
strategy must be employed. It is described as (7).

rentt InVt 1 D]-t + S]fc + Ziepg trit]- ,Vj EPLLET;

(7)
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4. Simulations and Analysis

4.1. Dataset

To evaluate the proposed model, the dataset generate and obey the rules below. We
regard t as the weekly period. The corresponding inventory cost, leasing cost, loading and
unloading cost of each port are estimated to be approximately in a period t according to
the standard of foreign and domestic trade containers import trade containers. Generally
the inventory cost is about $8 per TEU in one period. Since the purchasing price of a TEU
which is amortized for a year, is roughly $946, we consider the leasing cost of per
container in a period t as $7. The loading and unloading costs of per empty TEU per time
are both $23. The transportation costs between ports randomly generate wit 50,
$100]. The following scenarios are used to assess the models, where the in nd
leasing costs in all ports are identical in Scenario 1, Scenario 2 and Scenari %’r

(1) Scenario 1: supply empty containers are larger than demand ones |n th

(2) Scenario 2: supply empty containers are less than d-ones
(3) Scenario 3: supply and demand empty contalne ba nced in
port 7-12.

(4) Scenario 4: leasing and inventory costs in p e the ha 0

In this paper we use the cplex 12.6 to solve t odel ions are made on a
PC with Intel Core Quad Q8400, CPU 2.66,GHZ and 2 mory Note that the
planning horizon T is assumed to be 1, 2, 3 erlods

To analyze and evaluate our rm@d mod ere are other three ECR models are
designed. The first one is tﬁ% ich is SI to f; but excludes the repositioning
the e

capacity constraint (6) to explal E f residual vessel capacity constraint. The

4.2. Strategies for Comparison

second one is the f; whi¢h ydoes n er the stock strategy. The last one f, is
designed not to use-th ristic ru ich distinguish the surplus and deficit ports

in each period t ectlve ctlon of f, is formed as (8).
@ T+ L+ CP) xtrf + Z Z Cl * rent}
T teT ieP
ZlepC * Invy; (8)
4.3. Experlmen esults and Analysis

In this se\%m, the above models are evaluated on the basis of three indicators: the
whole o tional cost, the percentage of each cost in whole operational cost and
actud ning time.

(a) (b) (c) (d)

Figure 2. Operational Costs in Scenario 1
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4.3.1. Operational Cost o QQ '\%

Figure 2, Figure 3 and Figure 4 giv, %\pera i n@osts in Scenario 1, Scenario 2 and
Scenario 3 respectively. To begin om r‘%gral view, it is easy to discover that
the model f, has priority ovey o&h 0 mod der different T, number of ports and
scenarios. The main reason is only aims at the cost and does not subject
to the residual vessel capapi st of the time the transportation planning
does not be executed, if essel space enough since the laden containers
have more higher fpi over the empty one. Although the f, has the lower cost than
others, its shorta 0 i In contrast, the f; has considered both the various
constraints a to meet ands in actual business. The stock policy alleviates
the urgent tr rtation, deéfhands to a certain extent and directly results in the decreasing
of transportation and | costs. Ulteriorly, as the f; does not take the stock into
account at all, itisn dable that the leasing and transportation costs will happen once
the deficit ports empty containers to be used.

Then, comEa ith these three figures under different scenarios, we can say that

the opera costs are the lowest ones in scenario 3. As opposed to scenario 3,
scenario s higher costs as the supply empty containers are larger than the
de s. The surplus empty containers will produce the inventory costs. Similar
t 10 1, scenario 2 will generate more leasing costs to satisfy the deficit ports.

hermore, with the increasing of T there is little rise in operational costs of f;
and f, than fs. It attributes the results to the stock policy. The repositioning policy
must be maintained to ensure the safe stock in each period. For the multiple periods,
the previous periods: ..., t-1, t, have dealt with the transportation empty containers
in advance to guaranty the demands in future periods: t+1, ..., T. The various costs
in periods afore may be prepaid for the following ones. So with the evolving of time,
the rising of operational cost is little in the models which have considered the stock
policy.

Finally, from these three group figures it is obvious that the stock constraint
condition is more influential factor than the residual vessel capacity since the cost of
fs is larger than f, in each scenario. In actual business, all ports generally keep some
certain stocks to reply the temporary demands although they have to take the
inventory costs.
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4.3.2. Analysis on Each Cost in Whole Operational Cost

In this section, we evaluate the effect of each cost in total operational cost through
analysis their percentages. The results are shown in Table 1-3 under T=4 and port=12 in
Scenario 4 when there are different relationships of demand and supply. To illustrate
efficiently, we use the handling cost instead of the loading and unloading ones.

Table 1. The Percentage of Each Cost in Whole Operational Cost in Scenario

1 (Unit: $)
transportation leasing inventory handling whole operational
cost cost cost cost cost
f; 10% 13% 21% 56% 13,7 .
f, 14% 10% 18% 58% 12 :]3&)
fs 13% 12% 20% 55% ,42%

¥ .
an scenario 3

In Table 1, for these three models the whole operational c;lsts are lar

respectively, where the percentages of inventory cost ase m ile the leasing
costs increase. As for f; the inventory cost is 21% efari ell as 16% in
scenario 3. It is highly relevant with the total net nta ers. ilar to fy, f, and f;
also have the same situations. x
Table 2. The Percentage of Each hole G@atlonal Cost in Scenario
t: $)
transportation Ieasm Tﬁ/ent ‘)handlmg whole operational
cost Q) cost \ cost cost
f, 6% 1§N 57% 14,349
f, 13% @% 60% 12,563
fs 9% LN E8% X % 61% 13,568
y V’

From Table 2, ‘webycan obyerse that the percentages of handling cost become

approximately.corpered Wlt akio 3. For f; the leasing cost is higher than the one in

whole T. The“shortag to resort to leasing strategy which directly leads to the

Table 2 and ause the empty containers are less than the demand ones in the
increasing of corresp é&m

Table 3. The P@htage of Each Cost in Whole Operational Cost in Scenario

transpyreation leasing inventory handling whole operational
_ (C\Tost cost cost cost cost
f "~ 12% 16% 16% 56% 12,541
f, 13% 14% 15% 58% 10,226
fa 9% 19% 11% 61% 11,419

From Table 3 we discover that for all models the percentages of handling cost are the
first. It is mainly due to the balance of demand and supply which directly leads to the
reduction of inventory and leasing costs. Second, for f, and f;, which give up the residual
vessel capacity and stock constraint respectively, they have more proportions of handling
and leasing costs than f;. Third, f; has the top handling cost since it does not keep the
stock, which involves many unloading and loading empty containers.

In actual business, scenario 2 is closer to the reality than others because the total
demand empty containers are much larger than the supply ones. For above three tables, it
can conclude that the handling costs have the largest proportion in operational cost and
exceeds 55%. It indicates that improving its efficiency could be the most important factor
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in reducing the total cost. This result is also consistent with the actual situation in liner
shipping. So we should reduce the times of handling and transshipment of empty
containers as possible as.

4.3.3. Running Time

Table 4 describes the running time of f; and f,. It can easily observe that f; has good
time performance than f, in different T. The computational times are the key points. Since
f1 distinguishes the deficit and surplus ports in each period, it will dramatically reduce the
search space. Suppose that the number of ports are N, the average deficit and surplus ports
are 0.6*N and 0.4*N respectively, the computational times will be the
0.6*N*0.4*N*T=0.24*N2*T in f, instead of the N2*T in f,. The computational time of
the former is only the quarter of the latter. Furthermore, with the decreasing of progor on
of deficit and surplus ports, it also reduces respectively. So the heurlstlc rul in f;
reduces the calculation times.

Table 4. Running Time in Scenario 1 When T= ort—l@/mlt Second)
T=1 T=2 T,zs‘

f, 092 1.63 3. 69
f, 167 37454 741\,
\Y
4. Conclusion Q \%

This paper presents a heurlstl | to model the ECR problem in
operational level. This mod s the \%voperatlonal cost by considering both
trds

various constraints and stoc y SO[I] ted strategies are proposed to compare

with it. In addition, the Ie operatio st, the percentage of each cost in whole
operational cost and act ning t employed to analyze their performances. The
results state that @hmg osed model can deal with the ECR problem
efficiently and eff On am’%r thing, it can also guide us to make the decision on
the stock level-agtortting to fferent scenarios. In this paper, our model considers the
supply and dgmarid are given in advance; one of the extensions of this paper is to develop
the uncertaintieS in the it can match practice. Furthermore, inspired by the concept

of ambient intelligq«b6 iven in the literature [17], we can consider the whole
environment of uild the corresponding model. Another possible future work is to
transport the em&ntainers with transshipping policy which can accelerate the arrival
time of g’_@%’t ough it may be increasing the handling costs. Sometimes, we have to
find a co Ise between the time and cost.
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