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Abstract: In order to reduce the total cost of empty container repositioning, a multi-period empty
container repositioning optimization model of the China Railway Express was established by using
distributed robust chance-constrained programming based on partial information such as mean
and variance of demand. This established model considered sea-land intermodal transportation,
uncertain empty container demand and foldable containers. To simplify the model, the distributed
robust chance constraints were transformed into equivalent ones that could be easily solved, and the
empty container demands were determined. Numerical experiments were carried out to analyze the
influence of different parameters on the total cost. The results showed that the total cost could be
greatly reduced by sea-land intermodal transportation. Using foldable containers could reduce the
total cost of empty container repositioning. With the improvement of service level, the numbers of
empty container repositioning increased owing to the distributional robust chance constraints. When
standard and foldable containers were used simultaneously, the total cost could be greatly reduced
by appropriately using foldable containers under three different supply–demand relationships of
containers. The optimization results may provide a greatly feasible reference for the decision makers
of the China Railway Express.
Keywords: empty container repositioning; foldable container; sea-land intermodal transportation;
distributed robust chance constraints

1. Introduction
In 2013, China put forward the “One Belt One Road” initiative to promote economic development.
This initiative has greatly facilitated the trade between China and Europe. In order to improve the
efficiency of cargo transportation, the China Railway Expresses have successfully opened between
some cities in China and Europe. By 2017, the China Railway Express had opened 57 routes, covering
35 cities in China and 34 cities in Europe. Due to the imbalance of trade between China and Europe,
the number of eastbound trains (to China) is about half that of westbound trains (to Europe). As a
result, Chinese cities have become the demand area for empty containers, and European cities have
become the supply area for empty containers. How to reduce the repositioning cost of empty containers
has become a major difficulty in the actual operation. Therefore, the optimization problem of empty
container repositioning is a practical decision issue faced by liner companies
Before the opening of the China Railway Express, 90% of the cargo between China and Europe
were mainly transported by sea, and the transportation time was about 30 to 40 days. In order to save
transportation time, many scholars have started to pay more and more attention to the research of
railway transportation optimization, such as the studies of Urbaniak, M et al. [1], and Jacyna, M [2].
After the opening of the China Railway Express, the transportation time of the cargo was shortened
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from 20 to 30 days. However, the transportation cost of the China Railway Express is about four times
that of maritime transport. In order to maintain the development of the China Railway Express, the
Chinese government has implemented a subsidy policy to ensure that its actual transport cost is not
much different from maritime transport cost. However, in the next few years after 2020, the government
will gradually withdraw the subsidy policy, which will inevitably lead to changes in the demand for
empty containers in some cities and increase uncertainties for empty container repositioning. In order
to reduce the cost of empty container repositioning, some liner companies transported the empty
containers by sea-land intermodal transportation, which leaded to an increase in transportation time.
It should be pointed out that the foldable containers can also bring some possibilities of reducing the
cost of empty container repositioning.
2. Literature Review
In maritime transportation, Moon, I.K et al. [3] studied the problem of renting and purchasing
empty containers between multiple ports. Song, D.P et al. [4] studied the optimization of empty
container repositioning considering multi-vessels and multi-voyages, and solved the problem by a
two-stage method based on shortest path and a two-stage method based on a heuristic algorithm. Zheng,
J et al. [5] used a reverse optimization method to determine the optimal total cost of empty container
repositioning by considering the coordination between liner carriers. Sainz Bernat, N et al. [6] studied
empty container repositioning considering emissions, maintenance, repair options and street-turns.
In terms of land transportation, Dang, Q.V et al. [7] proposed three inventory strategies to study
empty container repositioning under an inland multi-yard system and solved the model with a genetic
algorithm. In multimodal transport, Olivo, A et al. [8] constructed an integer programming model to
solve the empty container repositioning optimization problem in a multimodal transport network.Xie,
Y et al.[9] discussed the inventory sharing and coordination of empty containers between seaports
and dry ports in container multimodal transport and designed bilateral repurchase contracts to solve
the inventory sharing game between railway companies and liner companies. Regarding foldable
containers, Shintani, K et al. [10] studied the optimization of empty container repositioning in inland
areas considering foldable containers and found that the use of foldable containers can greatly reduce
the cost of empty container repositioning. Moon, I et al. [11] formulated an optimization model of empty
container repositioning considering standard and foldable containers, which validated the economy
of foldable containers in empty container repositioning. Then, Zhang, S et al. [12] further conducted
an optimization model of empty container repositioning for interregional intermodal transport and
designed a bionic algorithm to solve the problem. The validity of the model and algorithm was verified
by a numerical example.
In recent years, some scholars have begun to pay attention to the study of empty container
repositioning under uncertain environments. Crainic, T.G et al. [13] studied the stochastic empty
container management problem. Cheung, R.K et al. [14] developed a two-stage stochastic network
model to solve the dynamic empty container allocation problem. Di Francesco, M et al. [15] considered
the effect of parameter uncertainty and constructed a multi-scenario based on time extension. Examples
show that the demand value of empty containers used to satisfy different scenarios may be different due
to the uncertainty of parameters. Alan L. Erera, A.L et al. [16] proposed a robust optimization method
based on a spatiotemporal network to solve the dynamic empty container repositioning optimization
model. The results show that the robust optimization method can effectively restore the flow imbalance
caused by uncertainty of supply and demand in a certain situation. Song, D.-P et al. [17] constructed
an empty container repositioning optimization model using a discrete time programming method
based on the dynamic information of the harbor. A value iteration algorithm was designed to evaluate
the optimal strategies of different schemes, and finally optimal cases of different policies were given
through an example analysis. Long, Y et al. [18] constructed a two-stage stochastic programming model
considering the randomness of empty container demand, empty container supply, and ship capacity.
They estimated the expected cost function using the method of sample average approximation and
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designed an algorithm based on progressive hedging strategy to solve sample average approximation.
Peilin, C et al. [19] constructed three game models of empty container repositioning under stochastic
demand and demonstrated the impact of different repositioning strategies on the three models. Han,
X.L et al. [20] constructed a multi-objective empty container repositioning considering reputation cost
and service level of liner companies. After transforming the probabilistic model into a deterministic
integer programming model, the relationship between different service levels and reputation cost was
analyzed through an example. Hosseini, A et al. [21] studied the optimization of empty container
repositioning for European logistics companies under an uncertain environment constructing a new
auxiliary chance-constrained programming model and transformed it into a deterministic constrained
programming model through proof. Chen, J.-H et al. [22] studied the allocation of empty and heavy
container space under a liner alliance, constructed a stochastic chance-constrained programming
model, and transformed the model into a deterministic programming model. The results showed
that the model and method can be close to reality, realized the coordinated optimization of allocation
space under the liner alliance, and satisfied the demand for empty and heavy containers under the
uncertain environment.
In summary, the research on empty container repositioning in uncertain environments has
achieved fruitful results. However, most of the existing studies mainly focus on the optimization of
empty container repositioning in a single transportation mode, lacking research on sea-land intermodal
transportation. At the same time, most of the existing literature assumes that the probability distribution
of empty container demand is known in advance. However, due to the short service life of the China
Railway Express and the lack of historical data, it is difficult to determine the probability distribution
of empty container demand, which will bring some troubles to decision makers. Therefore, this paper
employed the distributed robust optimization method to study the optimization of empty container
repositioning in China and Europe. Considering the return of empty containers in China and Europe,
we adopt two methods of land and sea-land intermodal transportation and consider the influence of
the foldable containers.
3. Materials and Methods
The customers are susceptible to national policies. This leads to that the customers have different
demands in each time period Due to the short opening horizon of the China Railway Express in each city
and the lack of historical data, it is difficult to grasp the exact value or accurate probability distribution
of the empty container demands in each horizon. Therefore, this paper introduces the principle
of distributed robust optimization, based on the information of uncertain demand, and studies the
problem of empty container repositioning optimization of the China Railway Express. The problem
has the following three main characteristics:
(1) The empty containers can be transported by sea-land intermodal transportation. Although the
transportation cost can be greatly reduced, the transportation time is increased. How to balance the
total cost and the transportation time is an optimization direction for the empty container repositioning
of the China Railway Express.
(2) The foldable containers can save space by folded. This can reduce the transportation cost of
empty container repositioning but will increase additional folding and unfolding costs. At the same
time, the rental cost of a foldable container is higher than that of a standard container. Sensitivity
analysis explores the potential of applying foldable containers to reduce the total cost of empty container
repositioning. It has also become a major feature of the empty container repositioning optimization of
the China Railway Express.
(3) The uncertainty of customer demand determines the randomness of the problem. In
order to solve the impact of randomness on real decision-making and consider the uncertainty
of demand distribution, this paper introduces the distributed robust optimization theory. Assume
that the probability distribution of empty container demand is a distribution set, and distributed
robust optimization is combined with chance constraints and based on the worst case optimization.
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A robust optimization scheme is obtained, i.e., the optimization scheme is not sensitive to parameter
variation perturbations.
Based on the above three characteristics, this paper studies the multi-period empty container
repositioning optimization problem of the China Railway Express in the three cases of only using
standard containers (Case 1), only using foldable containers (Case 2), and using both standard containers
and foldable containers (Case 3), aiming at reducing total costs of empty container repositioning. The
flow of empty containers in each time period is shown in Figure 1.

Figure 1. Diagram of empty container flow.

4. Mathematical Models
4.1. Assumptions
The mathematic model for the multi-period empty container repositioning optimization problem
of the China Railway Express is constructed reliant on the following assumptions.
Assumption 1: The route of the railway express is known, including origin and destination.
Assumption 2: The path of empty container repositioning by sea-land intermodal transportation
can be obtained by the shortest path algorithm. The transportation time and transportation cost on
each route will also be calculated. It can be found that the transportation time of each route is much
longer than that of the China Railway Express. Therefore, in the model, empty containers repositioned
by sea-land intermodal transportation will become available in the next time period.
Assumption 3: Foldable containers must remain folded during transportation and storage.
N folding containers occupy the space of a standard container after folding.
Assumption 4: All containers are 40ft, regardless of other types of containers.
Assumption 5: The demand of empty containers in some cities is uncertain, and the probability
distribution of empty container demand is a distribution set. In each time period, the empty container
demand of each city is independent and fixed.
Assumption 6: The excess empty containers during the planning horizon can only be stored in
the city node and cannot be stored in the customer node.
Assumption 7: All demands of empty containers can be satisfied at each time period.
4.2. Notations
The notations given in this section are shown in Table 1.
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Table 1. The notations of the mathematical models.
Sets and Index
i, j

A city node, i, j ∈ N

m

A customer node, m ∈ M

t

A time period, t ∈ T

a

A transportation mode, a ∈ A

Input parameters
WitS

Supply of standard empty containers at time period t in city i

WitF

Supply of foldable empty containers at time period t in city i

Si

Maximum allowable stockpile of empty containers at the station in city i

Caij

Unit transportation cost of one standard container by transportation mode a from i to j

Caim
CFa
ij

Unit transportation cost of one standard container by transportation mode a from i to m

CFa
ij

Unit transportation cost of one foldable container by transportation mode a from i to m

Cli

Unit rental cost of one standard empty container at city i

CFl
i
q
Ci
Fq
Ci
taij

Unit rental cost of one foldable empty container at city i

Unit transportation cost of one foldable container by transportation mode a from i to j

Unit storage cost of one standard empty container at city i
Unit storage cost of one foldable empty container at city i
Transportation time for transportation mode a from i to j

taim

Transportation time for transportation mode a from i to m

a
Kijt

Maximum capacity limit for transporting empty containers by transportation mode a
from i to j at time period t

a
Kimt

Maximum capacity limit for transporting empty containers by transportation mode a
from i to m at time period t

n

The number of foldable containers that can be accommodated in a standard
container space

H1

Unit folding cost of one foldable container

H2

Unit unfolding cost of one foldable container

ε

The probability lower bound of chance constraint.

µmt

Empty container demand expectation of customers m at time period t

δ2mt

Empty container demand Variance of customers m at time period t

P

Arbitrary probability distribution

ψ

Set of probability distribution P

h1 ,h2

Double-element sets of values, {0, 1};

Random variables
dmt

Empty container demand of customer m at time period t
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Table 1. Cont.
Sets and Index
Decision variables
xaijt

The number of standard empty containers transported by transportation mode a from i
to j at time period t

xaimt

The number of standard empty containers transported by transportation mode a from i
to m at time period t

yaijt

The number of foldable empty containers transported by transportation mode a from i
to j at time period t

yaimt

The number of foldable empty containers transported by transportation mode a from i
to m at time period t

Qit

Inventory of standard empty containers at the end of time period t in city i

QFit

Inventory of foldable empty containers at the end of time period t in city i

Git

Rental number of standard empty containers at time period t in city i

GFit
z1it
z2it

Rental number of foldable empty containers at time period t in city i
Folding number of foldable containers of city i at time period t
Unfolding number of foldable containers of city i at time period t

Mathematical symbolic expression
< M, Σ >= Tr(MΣ)

Trace of the matrix M, Σ

AB

Matrix (A − B) is positive definite matrix

Σmt

expectation.Σmt

to variance
"A covariance
#"
#matrix
" related
# and
T
dmt
1
δ2mt + µ2mt µmt
=E
; Therefore, we can derive
=
1
dmt
1
µmt
Σmt  0

4.3. Mathematical Model
The empty container demand of the customer m is uncertain. In order to meet the empty container
demand, we suppose that at any time the probability ε, the number of containers available ζmt to the
at the customer m is not less than the demand, that is P(ζmt ≥ dmt ) ≥ ε. Furthermore, the number
of containers available ζmt to the customer m during the time period t depends on the repositioning
volume of empty containers. We can get the equation of ζmt as follows:
ζmt = h1

XX

xaim(t−ta ) +h2
ij

i∈N a∈A

XX

yaim(t−ta ) ∀m ∈ M, t ∈ T

(1)

ij

i∈N a∈A

Refer to relevant modeling reference Moon, I et al. [11] and Jacyna, M et al. [23,24]. The distributed
robust chance constraints under three cases are optimized as follows.
min

P P P
t∈T a∈A i,j∈N

P P
P
P P
(h1 caij xaijt + h2 cFa
ya ) +
(h1 caim xaimt + h2 cFa
ya ) +
(h1 cli Git + h2 cFl
GFit )+
i j ijt
im imt
i
t∈T a∈A i∈N,m∈M
t∈T i∈N
P P
P P
q
Fq
(h1 ci Qit + h2 ci QFit ) + h2
(H1 z1it + H2 z2it )
t∈T i∈N

(2)

t∈T i∈N

s.t.
h1 Qit = h1 (Qi(t−1) +

X X
a∈A j∈N,t>taji

h2 QFit = h2 (QFi(t−1) +

X X
a∈A

j∈N,t>taji

xaji(t−ta ) + Git + WitS −
ji

yaji(t−ta ) + GFit + WitF −
ji

X

X

a∈A j∈N,t≤T−taij

X

X

a∈A

j∈N,t≤T−taij

xaijt −

XX

xaimt ) ∀i ∈ N, t ∈ T (3)

a∈A m∈M

yaijt −

XX
a∈A m∈M

yaimt ) ∀i ∈ N, t ∈ T (4)
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a
h1 xaijt + h2 yaijt /n ≤ Kijt
a
h1 xaimt + h2 yaimt /n ≤ Kimt

∀i, j ∈ N, t ∈ T, a ∈ A

(5)

∀i ∈ N, m ∈ M, t ∈ T, a ∈ A

h1 Qit + h2 QFit /n ≤ Si ∀i ∈ N, t ∈ T
XX
XX
yaim(t−ta ) ) ∀i ∈ N, t ∈ T
h2 z1it ≥ h2 (WitF −
yaij(t−ta ) −
ij

j∈N a∈A

h2 z2it ≥ h2 (

XX

yaij(t−ta ) +
ij

j∈N a∈A

minP(h1
P∈ψ

P P
i∈N a∈A

xaim(t−ta ) +h2
ij

yaim(t−ta ) − WitF ) ∀i ∈ N, t ∈ T

i∈N a∈A

(8)
(9)

im

m∈M a∈A

P P

(7)

im

m∈M a∈A

XX

(6)

yaim(t−ta ) ≥ dmt ) ≥ ε ∀m ∈ M, t ∈ T
ij

(10)

The model has three cases. Case 1: h1 = 1, h2 = 0, involves using only standard containers; Case 2:
h1 = 0, h2 = 1, involves using only foldable containers; Case 3: h1 = 1, h2 = 1, uses standard containers
and foldable containers.
The objective of Function (2) is to minimize the total cost including transportation cost, rental
cost, inventory cost, and folding and unfolding cost of foldable containers. Constraints (3) and (4)
represent the inventory balance limit of standard and foldable empty containers for the city stations.
The empty container inventory at the end of time period t is equal to the empty container inventory
at the end of time period(t−1) + the number of empty containers by repositioned from other cities at
time period t +the rental empty container number at time period t+ empty container supply at time
period t, - the number of empty container by repositioned to other cities at time period t, - the number
of empty containers used to meet customer demand at time period t. Constraints (5) and (6) represent
the transportation capacity limit between cities and customers. Constraint (7) represents the empty
container storage capacity limit of the city station. When h1 = 1, h2 = 0, it means the standard container
storage number cannot exceed maximum capacity. When h1 = 0, h2 = 1, it means the foldable container
storage number cannot exceed maximum capacity. When h1 = 1, h2 = 1, it means the number of
standard containers and foldable containers cannot exceed maximum capacity. Constraints (8) and (9)
respectively represent the folding and unfolding volume limit of foldable containers. Constraint (10)
represents the chance constraint in the case of the worst distribution of the empty container demand at
the uncertain demand nodes.
5. Chance Constraint Equivalent Transformation
Considering the existence of random variables in constraint (10), the empty container repositioning
optimization model in three cases is a nonlinear model. This section takes Constraint (10) to convert it
into an equivalent linear one.
P P a
P P a
P P a
P P a
Because P(h1
xim(t−ta ) +h2
yim(t−ta ) ≥ dmt ) ≥ ε and P(h1
xim(t−ta ) +h2
yim(t−ta )
ij
ij
ij
ij
i∈N a∈A
i∈N a∈A
i∈N a∈A
Pi∈NPa∈Aa
≤ dmt )
≤ 1 − ε are equivalent, Constraint (10) is equivalent to maxP(h1
xim(t−ta ) +
P∈ψ
ij
i∈N a∈A
P P a
h2
yim(t−ta ) ≤ dmt ) ≤ 1 − ε. Next, this paper converts the chance constraint into a deterministic
i∈N a∈A

ij

constraint:
q

ε
1−ε

q
P P a
P P a
δ2mt + µmt ≤ h1
xim(t−ta ) +h2
yim(t−ta )
i∈N a∈A

ij

i∈N a∈A

ij

∀ j ∈ N, t ∈ T

(11)

To complete the proof process, we give Lemma 1: The opportunity Constraint (10) is equivalent to
Equation (12).
< Mmt , Σmt >≤ 1 − ε, λmt ≥ 0, Mmt  0
"
#
(12)
0
−λmt
Mmt +
0
−λmt 2λmt ζmt − 1
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Proof: ∀m ∈ M, t ∈ T, we define the following function:
(
θ(dmt ) =

1, ifζmt ≤ dmt
0, otherwise

(13)

So the optimization problems maxP(ζmt ≤ dmt ) can be expressed as Equation (14):
P∈Ψ

R
max θ(dmt )dP
s.t.
"
R

#"

dmt
1

dmt
1

(14)

#T
dP = Σmt

Introducing the Lagrangian product variable matrix Mmt , we transform the above-mentioned
constrained optimization model problem into an unconstrained extremum problem:
*
"
#"
#T +
R dmt
dmt
L(P, Mmt ) = θ(dijt )dP+ Mmt , Σmt −
dP
1
1
"
#
"
#T
R
R dmt
dmt
= hMmt , Σmt i + θ(dmt )dP − (
Mmt
)dP
1
1
R

(15)

#
"
#T
dmt
dmt
Let f (dmt ) =
Mmt
, due to Σmt  0, strong duality is established, so the above
1
1
problem is equivalent to
"

Z
min maxhMmt , Σmt i +

Mmt =MTmt

P

θ(dmt ) − f (dmt )dP

(16)

hMmt , Σmt i, if θ(dmt ) − f (dmt ) ≤ 0
,
+∞, otherwise
P
if and only if θ(dmt ) − f (dmt ) ≤ 0, the equation (16) exists the minimum value. There exist two cases at
this time:
(

Among the function, maxhMmt , Σmt i +

1.
2.

R

θ(dmt ) − f (dmt )dP =

f (dmt ) ≥ 0, ∀dmt ∈ R
f (dmt ) ≥ 1, ∀dmt ∈ R, satisfyingζmt ≤ dmt

Case 1 is equivalent to Mmt  0, and Case 2 is established if and only if λmt ≥ 0, and it makes
f (dmt ) ≥ 1 − 2λmt (ζmt − dmt ).
By Case 1 and 2 we can get λmt ≥ 0, so that
"
Mmt  0, and Mmt +

0
−λmt

−λmt
2λmt ζmt − 1

#
0

(17)

Therefore, the optimization problem (14) is equivalent to (18).
min < Mmt , Σmt >
s.t.
λ ≥ 0, M jt  0,
" mt
#
0
−λmt
Mmt +
0
−λmt 2λmt ζmt − 1
Furthermore, chance constraint (11) is equivalent to (18).
In the reference Ghaoui, L.E et al. [25], the following two properties are equivalent:

(18)
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2

− xT w ≤ γ

There is a symmetric matrix M and τ ∈ R+ , making
< M, Σ >≤ τω , τ ≥ 0, M  0
"
#
0
w
M+
0
wT 2γ − τ

(19)

Divide the two sides of (12) by λmt , replace λmt with 1/λmt again, and replace Mmt with Mmt /λmt ,
and we can get the following formulas:
< Mmt , Σmt >≤ λmt (1 − ε), λmt ≥ 0, Mmt  0
"
#
0
−1
Mmt +
0
−1 2ζmt − λmt

(20)

According to (19), the chance constraint problem can be finally converted to (21)
q

ε
1−ε

q
P P a
P P a
δ2mt + µmt ≤ h1
xim(t−ta ) +h2
yim(t−ta )
i∈N a∈A

ij

i∈N a∈A

∀ j ∈ N, t ∈ T

ij

(21)

6. Numerical Experiments
6.1. Experiment Description
Since the “One Belt One Road” strategy was put forward, many cities have opened to the China
Railway Express. Jiang, Y et al. [26] pointed out that in 2016, the Lian-Europe, Su-man–Europe,
Yi-Xin–Europe, Han–Europe, Rong–Europe, Yu-Xin–Europe, Zheng–Europe and Ying-man–Europe
have transported 131,500 TEU, occupying 78.5% of the total freight of the China Railway Express.
According to statistics, by the end of 2019, the opening situation of the China Railway Express is shown
in Figure 2. Combined with the cargo flow situation, this paper selects the cities shown in Table 2 for
the optimization of empty container transportation.

Figure 2. Selection of regional cities in China and Europe in 2017.
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Table 2. Selection of regional cities in China and Europe.
Region

Cities

China region

Chongqing (1), Chengdu (2), Wuhan (3), Zhengzhou (4), Yiwu (5), Suzhou (6),
Lianyungang (7), Yingkou (8), Changsha (9), Haerbin (10), Dalian (11), Xian (12)

Europe region

Hamburger (13), Duisburg (14), Madrid (15), Rhodes (16), Warsaw (17),
Pardubice (18), Rotterdam (19)

Since the transit time of the China Railway Express is roughly 20 days to 30 days, the length
of each time period is regarded as 25 days, and the numbers of time periods are 12. Considering
that transportation time by sea is relatively long, if the empty containers are transported by sea-land
intermodal transportation, they need to be available in the next horizon. In the numerical example, each
city’s deterministic and uncertain customers are simplified into a whole. During each time period, the
empty container demand of the deterministic customers, the average value and variance of the empty
container demand of the uncertain customers in each city, and supply are shown in Table 3. In Table 3,
(a) represents total supply of empty containers, (b) represents supply of standard empty containers,
(c) represents supply of foldable containers, (d) represents empty container demand of deterministic
customers, (e) represents empty container demand of uncertain customers, and (f) represents demand
variance of uncertain customers. We assume that the initial empty container number of each city
node is 0 and the maximum inventory quantity does not exceed 1500 TEU. In the same area, the unit
transportation cost of standard empty containers between cities is 1.6, 0.8, and 0.4 CNY/KM through
three modes of transportation: highway, railway, and water, respectively. When standard empty
containers are transported across regions, the unit transportation costs by railway and sea–railway
intermodal transportation are 6000 and 1500 CNY/TEU, respectively. The unit rental cost and unit
storage cost of the standard empty container are 6000 and 600 CHY, respectively. The number of
foldable containers that can be folded into a standard container space is 4, so the unit transportation
cost and the unit storage cost of the foldable container are one quarter of the standard container. At the
same time, the unit cost of a foldable container is 12,000 CNY/TEU, and the unit cost of folding and
unfolding is 30 CNY/TEU. The probability lower bound of the chance constraint is 0.9.
Table 3. Demand and supply of empty containers at each node.
Cities

(a)

(b)

(c)

(d)

(e)

(f)

Cities

(a)

(b)

(c)

(d)

(e)

(f)

1
2
3
4
5
6
7
8
9
10

812
990
612
680
108
0
0
0
0
0

406
495
306
340
54
0
0
0
0
0

406
495
306
340
54
0
0
0
0
0

815
1016
349
506
201
244
268
200
70
253

401
500
172
249
99
120
132
98
34
124

4
5
8
6
9
9
10
8
8
8

11
12
13
14
15
16
17
18
19

0
694
2638
1638
288
1502
653
209
300

0
347
1319
819
144
751
327
105
150

0
347
1319
819
144
751
327
105
150

82
549
1489
570
61
680
0
0
0

40
271
733
281
30
335
0
0
0

4
9
12
8
3
10
7
6
5

6.2. Experimental results
In this study, all models were solved by CPLEX 12.6.2, and the i5-6440 CPU processor with a
Windows 7 operating system was applied for calculation.
6.2.1. Results Analysis of Case 1 and Case 2
Table 4 shows the calculation results for Case 1 and Case 2. In the context of this example, Case 2
can significantly reduce the total cost of transportation compared to Case 1. At the same time, in
each case, some empty containers are transferred back by sea-land intermodal transportation, which
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can greatly reduce the total cost. It can be seen that the application of foldable containers and the
consideration of sea-land intermodal transportation can greatly reduce cost for the optimization of
empty container transportation for the China Railway Express.
Table 4. Calculation results. Unit: 10,000 CNY.
Standard Containers (Case 1)
Not Considering
Considering
Sea-Land
Sea-Land
Intermodal
Intermodal
Transportation
Transportation
Storage cost
Renting cost
Transportation cost
Folding and
unfolding cost
Total cost

Foldable Containers (Case 2)
Not Considering
Considering
Sea-Land
Sea-Land
Intermodal
Intermodal
Transportation
Transportation

157.5
3504.6
6325.4

0
1926.9
22,221

3.2
4114.8
3299.9

0
3895.2
5555.2

0

0

222.77

222.77

9987.5

24,147.9

7640.67

9637.17

Figures 3–5 show the comparison of the total cost of the two cases under the condition of
considering the increase and decrease of demand, the increase of unit folding cost, and the reduction
of unit rental cost of standard containers.

Figure 3. Comparison of total cost of two cases under the increase and decrease of demand.

Figure 4. Comparison of total cost under unit folding and unfolding cost increase.
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Figure 5. Comparison of total cost of unit rental cost reduction of standard containers.

It can be seen from Figure 3 that when the demand increases, the total cost of both cases increases
sharply, but the use of standard containers is better than that of foldable containers. This is because the
system needs to rent empty containers from outside when the demand increases. Since the unit cost of
the foldable container is much higher than that of the standard container, the total cost of Case 2 is
higher. When the demand is low, the total cost of the two cases decreases firstly and then increases.
This is because the storage cost increases sharply when the demand is small. At this time, the use of
foldable containers not only reduces transportation costs but also reduces storage costs, which shows a
huge advantage over standard containers.
It can be seen from Figure 4 that the advantage of using a foldable container gradually decreases
when the unit cost of folding and unfolding increases. In this example, when the unit cost of folding
and unfolding is more than 12 times, the use of foldable containers does not bring about cost reduction.
Therefore, in practice, the liner company should consider the impact of folding and unfolding changes
in unit costs.
Since the cost of a foldable container is higher than that of a standard container, the unit cost of the
foldable container is much higher than that of a standard container when renting or buying a container.
Figure 5 shows the total cost comparison for the two cases while the standard container unit rental cost
is reduced. As the cost of renting a standard container decreases gradually, the advantages of using
foldable containers decreases gradually. In this example, when the standard container unit rental cost
is less than 2000, the total cost of using standard containers is lower.
6.2.2. Results Analysis of Case 3
The following contents are mainly to analyze the influence of parameter changes to the cost of
China–Europe empty containers, such as the change in demand for empty containers, the supply ratio
change of standard and foldable empty containers, and the change of uncertain demand variance.
(1)

Analysis of the change in demand for empty containers

Figure 6 shows the changes in various costs in the case of increase or decrease of demand for
empty containers. The total cost of empty container transportation and the cost of renting increase with
the increase of demand. When the demand increases from -10% to 20%, the two kinds of costs change
obviously. There is a certain correlation between the change of storage cost and the change of rental
cost. When the demand for empty containers increases, additional renting occurs, and the storage cost
becomes zero. When the demand for empty containers is reduced, the amount of renting is reduced,
and the rental cost gradually becomes zero. Transportation costs change relatively little. However,
when the demand increases from 15% to 20%, transportation costs are reduced. When the demand is
reduced from 5% to 10%, the transportation cost increases. The main reason for the two turning points
is that the total cost can be reduced by optimizing the repositioning volume of the foldable containers.
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Figure 6. Various cost of changes in demand.

(2)

Analysis of supply ratio change of standard and foldable empty containers

We explore the potential for reducing the total cost of empty container handling by adjusting
supply ratio change of standard and foldable empty containers. As can be seen from Figure 7, when
the supply quantity of the foldable container is 0, the total cost of empty container transportation is the
highest. As the proportion of supply of foldable containers increases, the costs of empty container
transportation also change. When the supply ratio increases by 25% from 0%, the total cost decreases
sharply. When the supply ratio increases from 25% to 66.7%, the total cost declines slowly. When the
supply ratio increases from 66.7% to 100%, the trend of total cost decrease is not obvious. It can be seen
that in the actual situation, it is necessary to rationally adjust the ratio of the two in order to better
reduce the total cost.

Figure 7. Various cost changes of foldable container supply ratio.

(3)

Analysis of the probability lower bound of the chance constraint and the variance of the
uncertainty demand

It can be seen from Equation (10) that when the probability lower bound of the chance constraint
and the uncertainty demand variance change, the quantities of empty containers used to satisfy the
uncertain demand of the customer change at the same time. Figures 8 and 9 show the changes in
various costs after the change of the two factors. When both of the two factors increase, it leads to
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an increase in the value on the left side of Equation (10), so it is necessary to increase the amount
of empty container transportation, which makes the total cost gradually increase. This also verifies
that the distributed robust chance-constrained optimization of this paper is based on the worst case
optimization and thus obtains a robust optimization scheme.

Figure 8. Various cost changes under the probabilistic lower bound value.

Figure 9. Various cost changes under variance change.

(4)

Analysis of related unit cost changes

Unit rental cost and unit transportation cost are two key parameters affecting the optimization of
empty container transportation, and they are highly correlated. Figures 10 and 11 show the changes in
various costs after the change of the two parameters. It can be seen that the total cost of empty container
transportation gradually increases with the increase of unit rental cost and unit transportation cost.
In the case that the supply is not less than the demand, if the unit rental cost is lower than the unit
transportation cost, the optimization result is biased towards the renting; if the unit renting cost is
higher than the unit shipping cost, the optimization result is biased towards the transportation. As
shown in Figure 10, when the unit rental cost is reduced by more than 30% or increased by more
than 20%, the storage cost, transportation cost, and folding cost remain unchanged, but the rental
cost changes. At this time, the amount of renting and transportation is unchanged, but the change
in the unit of renting cost causes the change of rental cost. As can be seen from Figure 11, when
the unit transportation cost decreases, the transportation cost decreases, the folding and unfolding
cost increases, and the rental cost decreases. This is because the transportation volume increases,
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and the volume of renting decreases. Conversely, when the unit transportation cost increases, the
transportation cost increases, the folding and unfolding cost decreases, and the rental cost increases.
This is because the transportation volume decreases, and the volume of renting increases.

Figure 10. Various cost changes under the change of unit rental container cost.

Figure 11. Various cost changes in unit transport costs.

(5)

Analysis of parameter changes under different supply and demand ratios

Because the lower bound of the probability of the chance constraint and the uncertain demand
variance mainly affect the supply–demand ratio relationship, the unit transportation cost is related
to the unit renting cost. Therefore, the unit transportation cost and the proportion of the supply of
foldable containers were finally selected for analysis. Figures 12–14 show the impact of two parameter
changes on cost under three situations where demand is much smaller than supply, demand is close to
supply, and demand is much larger than supply. It can be seen that the total cost of the three situations
decreases as the proportion of the foldable container supply increases, and will increase as the unit
transportation cost increases.
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Figure 12. The situation of demand is much smaller than supply.

Figure 13. The situation of demand is close to supply.

Figure 14. The situation of demand is much larger than supply.

In each situation, when the proportion of the foldable container is increased from 0% to 20%, the
total cost of empty container repositioning is reduced at least by half. Therefore, proper investment in
foldable containers can greatly reduce the total cost. When the proportion of the foldable container
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reaches more than 75%, the reduction in the total cost of empty container repositioning is not
significant. Considering that the acquisition cost of the foldable container is relatively high, in practice,
the proportion of the foldable containers should be appropriately determined.
7. Conclusions
This paper evaluates the feasibility of considering the sea-land intermodal transportation mode
and using foldable containers for the reduction of cost of empty container repositioning between China
and Europe under an uncertain environment. It constructs an optimization model for empty container
repositioning under three cases and analyses the influence of different parameter changes on the total
cost. Case 1 involves using only standard containers. Case 2 involves using only foldable containers.
Case 3 uses standard containers and foldable containers.
Due to the uncertain empty container demand of the customer, this paper proposes a chance
constraint equivalent transformation to solve the problem. After transformation, this model becomes a
mixed integer programming model. Thus, CPLEX was used to solve the model.
The results show that Case 2 is better than Case 1. It means that using foldable containers can
save costs. Meanwhile, the total cost of partial empty containers can be greatly reduced by maritime
transportation. In order to verify the applicability of foldable containers, Case 3 gives the analysis
considering standard and foldable containers. It can be found that foldable containers can greatly
reduce costs if they are properly invested in three different supply–demand relationships. Using
standard and foldable containers at the same time is superior to only using standard or foldable
containers. The China Railway Express should allocate the supply proportion of standard and foldable
containers according to the actual demand in order to reduce the cost of empty container repositioning.
For future research, we will focus on two aspects. One is the collaborative optimization of heavy
and empty container transportation; the other is the combination of hinterland division and empty
container repositioning optimization.
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