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Abstract

This paper investigates the problem of inter-terminal movements of containers and
vehicles within a port area in order to achieve an integrated and effective transport
within the port and towards the hinterland. Containers from different port terminals
are first moved to a rail yard and then delivered to the hinterland by rail. To provide
insights for stakeholders such as port authority and terminal operators into tactical
planning problems, e.g., the coordination between terminals, railway timetable and
train sizes, this paper proposes an optimization model describing the movement of
containers and various vehicles between and inside terminals. The model aims at
improving the container delivery from container terminals to the hinterland consid-
ering both railway hinterland transport and terminal handling operations. A network
inspired by a real-life port area and its hinterland is used as a test case to test dif-
ferent components, i.e., inter-terminal transport connections, train formation, rail-
way timetable. A rolling horizon framework is used to improve the computation
efficiency in large transport demand cases. The result of the optimization helps in
identifying the most promising features, namely, that more connections between ter-
minals and a flexible outbound railway timetable could contribute to improving the
integrated container transport performance.

Keywords Intermodal transport - Container terminal - Railway transport - Inter-
terminal transport

1 Introduction

Container ports need to handle large container volumes, for example, tens of thou-
sands of containers arrive at Rotterdam port by sea every day. To move these con-
tainers, road, inland waterway and railway transport are provided connecting ter-
minals and the hinterland. Traditionally, road transport took the largest share in the
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freight transport market both inside the port area and in the hinterland. However,
waterway and railway transport are stimulated by the port authority as economical
and environmental friendly alternatives. For example, the port authority published a
strategic plan, i.e., Port Vision 2030, stating that stakeholders within Rotterdam port
have agreed to reduce the usage of road transport: a maximum of 35% of containers
transported to and from the Maasvlakte by road in 2030 (Port of Rotterdam 2011).
The strategic Plan covers the period up to 2030 and in more recent progress report,
it states that rail transport should be developed with priority and that rail transport
share is falling short of the target established in Port Vision 2030 (Port of Rotterdam
2014).

The development of multiple transport modes, on the one hand, increases the
transport capability; but on the other hand, leads to higher infrastructure investment
and more operations between modes inside the port area. In Rotterdam port, the port
authority pursues the improvement of the port efficiency and accessibility by coop-
eration between transport modes (Port of Rotterdam 2011). For example, a Barge
Service Center has been established to provide better waterway transport and the
same is pursued for rail transport. This terminal handles inland waterway barges and
sends containers to other terminals and vice versa. Moreover, the port authority sub-
sidizes the PortShuttle services, which connect the rail yards in Maasvlakte and the
Railway Service Center in the hinterland by feeder trains (‘“PortShuttle adds second
shuttle” 2017). This paper seeks to improve the multi-modal transport system in the
port area. We put the focus on the rail-road transport system and study how to move
containers from different port terminals to rail yards in the port area and then deliver
the containers to the hinterland by rail.

The container transport in this paper involves moving containers inside a termi-
nal, moving containers between port terminals using a variety of modes (railway
and road) and moving containers from rail yard in the port area to the hinterland
using railway. Generally, there are two types of intermodal terminals with rail con-
nection in a port area, i.e., railway terminal with road connection (RTR), and
maritime terminal with both road and on-dock railway connections (MTRR).
Inside these terminals, transshipment can be performed and containers from sea
transport and/or road transport can be transshipped to rail transport. In another type
of terminals, which is called maritime terminal with road connection and rail
off-dock (MTR), containers cannot be transshipped to rail transport directly—the
containers must be moved to a RTR or MTRR through inter-terminal transport
(ITT) first. Actually, ITT also connects MTRRs and RTRs, which makes it possible
to exchange containers between different rail yards in the port area in order to fill the
trains towards the hinterland with containers.

To achieve an integrated ITT and hinterland rail transport, several planning prob-
lems should be solved. On a strategic level, a proper ITT network must be built to
connect the terminals. The ITT network involves the connection between termi-
nals and ITT fleet that moves containers between them. On a tactical level, the port
authority and terminal operators must first determine if and how it is possible to
share the resources, e.g., rail yards and ITT trains. It is notable that not all containers
can be exchanged between all terminals as ITT requires coordination between termi-
nal operators and freight shippers, which means information and facilities should be
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shared and the coordination benefits must be clear. Then, the railway timetable and
the size of the trains which could guarantee the efficiency of railway transport must
be designed. On an operational level, the terminal operator also has to decide when
and how to move the containers to a rail yard according to the ITT network and also
to the timetable of outbound trains.

This research focuses on the tactical planning problems, i.e., how would the dif-
ferent ITT connections, train formation strategies and railway timetables affect the
container delivery performance? Additionally, we also develop a rolling horizon
framework to guarantee the model can be used in operational planning, i.e., plan-
ning the container handling operations and design the vehicles’ routes. We assume
that terminals in a port area could coordinate with each other in a certain level, and
resources such as ITT trucks and ITT trains are shared among terminals. Therefore,
the decision on the ITT organization considering terminal handling capacity and the
railway timetable could be made to maximize the number of containers to be deliv-
ered by train within a certain time period (e.g., a day). Then, a mathematical model
which could formulate the vehicle and container movements considering the termi-
nal handling capacity is proposed. In that model, different ITT connections, hinter-
land train sizes and railway timetables are tested with a given ITT fleet to provide
insights into the possible strategies which could improve the integrated container
delivery to the hinterland.

The remaining part of this paper is organized as follows. Section 2 reviews the
studies on terminal operations and ITT. Section 3 will define the integrated port con-
tainer transport system studied in this paper in great detail. In Sect. 4, the problem
is mathematically modeled with a time—space graph and the performance is tested
with different transport strategies. Section 5 contains the experiments and Sect. 6
presents the conclusion and further research.

2 Literature review of ITT and container terminal operations

This section reviews the research related to different aspects of the container trans-
port from the port area to the hinterland: research on ITT mainly focuses on the
container and vehicle movement between terminal; and the research on terminal
operations covers problems such as crane scheduling, container transshipment, train
loading and departing.

ITT itself can be based on different modes, such as railway, road and inland
waterway. A detailed review of ITT can be found in Heilig and Vof3 (2017). The
implementation of a multi-modal ITT system among several terminals usually
requires coordination between terminal operators and the port authority. Duinkerken
et al. (2006), proposed an ITT system which is shared among the terminals at the
Maasvlakte, Rotterdam. Heilig et al. (2017) investigated the truck-based ITT system
provided by a third party ITT provider. The ITT provider collects demand infor-
mation, monitors the trucks’ positions and schedules the trucks’ routes. Schepler
et al. (2017) studied an ITT system based on road, waterway and railway transport
and provided suggestions for the port authority and terminal operators in terms of
vehicle routings. Our research considers a rail-road network for ITT and the rail
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connections to the hinterland. The studied ITT system provides service for multiple
terminals in the port area aiming at improving the ITT transport system efficiency.

Most existing research on ITT only focused on the transport inside the port area.
Ottjes et al. (2006) studied an AVG-based ITT system for the Maasvlakte terminals
in Rotterdam and tested the traffic flow between the terminals. Hendriks et al. (2012)
focused on the berth allocation problem among multiple terminals considering quay
crane operation cost and ITT costs. In Li et al. (2017a) and Li et al. (2017b), inland
waterway vessels are used to carry ITT containers between certain terminals in
the port. Both studies aim at reducing the time that vessels spend in the port while
increasing the number of ITT containers that can be transported. Our research con-
siders the railway transport to the hinterland, therefore the railway timetable must be
taken into account. Tierney et al. (2014) propose the first fully defined mathematical
model of ITT using a time—space graph. Based on the graph, the authors present
an integer-programming model to optimize the container and vehicle flow between
terminals. In our study, we also use a time—space model, but we extend the model
developed by Tierney et al. to study an ITT integrated with detailed terminal opera-
tions and hinterland rail connections.

Different terminal operation problems have been intensively studied. Stahlbock
and Vo8 (2008) provide a detailed review of the operational problems in a maritime
container terminal. When moving a container inside a terminal, the movement of
cranes and trucks is a key process to be optimized to accelerate that process. Kim
and Park (2004) study a quayside crane scheduling problem which determined the
order of ship loading and unloading operations. The authors considered containers
with same destination and size as a group and assumed that a group of containers
should be put into adjacent slots in the ship, which was defined as clusters. Then the
problem was formulated as moving containers between several clusters and ship-
bays using cranes. In our research, we focus on the operations related to railway
transport, therefore, quay crane scheduling problem and other operation problems on
the seaside, see Carlo et al. (2015), are not considered in detail. But Kim and Park
(2004) inspired us with the container group abstraction: in our research, a group of
containers with the same release time and origin terminal is defined as a transport
task. Inside the terminals in our model, transport tasks should be executed between
different terminal locations with cranes and trucks. Froyland et al. (2008) optimize
the landside crane operations in a maritime container terminal. To reduce the com-
plexity, the authors decomposed the problem into three stages: first determine the
container flow between quayside and landside on an hourly basis; then determine the
stacking positions for the import containers on the quayside; and finally, determine
the order of containers and trucks served by Rail Mounted Gantries (RMGs) and the
containers temporary stacking position on the yard side. In our research, contain-
ers are not only moved inside a terminal but also moved between terminals in the
port area. To reduce the computational intractability, we do not consider the precise
position of a container in the storage yard nor on the train, and we use a uniform
handling time for every container. However, in future research, these items can be
taken into account.

When loading a train in a MTRR and RTR, a well-organized deployment of the
handling equipment and spatial arrangement of containers on a train could reduce
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the working time of the equipment and increase the utilization of a train’s carry-
ing capacity. Corry and Kozan (2008) present a mixed integer programming (MIP)
model to assign containers to rail wagons using RMGs. The objective is to minimize
the number of rail wagons required and the working time. Wang and Zhu (2014)
optimize the container transshipment between trucks, storage yards and trains. The
objective is to minimize the RMGs’ idle time. In our research, trains with different
capacities are used, and the train loading process is performed considering the rail-
way timetable.

In European countries, the passenger trains have a higher priority: the passenger
trains’ timetable is prescribed, a freight train’s operator can only request to insert the
freight train between passenger trains, see Cacchiani et al. (2010). Delayed trains
may not be allowed to enter a rail section to avoid potential conflicts. Thus, delayed
trains must be rescheduled or canceled. A possible way to improve the flexibility
for the rail operator, e.g., in D’Ariano et al. (2008), is reserving longer departure
time slots for the trains, which makes the timetable more robust for delays. In our
research, we handle the delayed hinterland trains with new departure time slots.
Usually, a train is assigned with a departure time slot from its departure terminal to
make sure this train could enter the inland railway network without delaying other
trains. We assume that the departure time slots could be shared among several termi-
nals in the port area; therefore, the terminal operator has some flexibility in organiz-
ing the ITT delivery and hinterland train loading. The using of periodic and flexible
timetable is explained in detail in Sect. 3.1.

Overall, the existing research has tackled different subproblems while neglect-
ing the integration of these highly interactive problems in port areas and their hin-
terlands. Our study optimizes the container movement inside and between termi-
nals and the port hinterland, by using RMGs, shared ITT trucks and ITT trains. The
objective is to maximize the container delivery for all terminals in a certain time
period. The container delivery performance is discussed with different ITT network
configurations, train formation strategies and types of railway timetable.

3 Container movement inside the port area and to the hinterland
3.1 ITT and rail transport to the hinterland

ITT connects different terminals in a port area. In this study, MTRs are connected
with other terminals by road; MTRRs and RTRs are connected with other terminals
by both road and rail. Containers are released at MTRs and MTRRs and then moved
to a rail yard using shared ITT trains and trucks through ITT. In this system, ITT
trucks move containers from MTRs to MTRRs and RTRs; ITT trains and trucks
exchange containers among MTRRs and RTRs.

To reveal how different ITT connections can affect the container transport, two
types of ITT connections are applied in this research: complete ITT and incomplete
ITT. In the complete ITT case, containers from MTRs can be moved to all MTRRs
and RTRs; MTRRs and RTRs accept containers from any other terminal. In the
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incomplete ITT case, some connections are excluded. ITT trains and trucks are used
in both cases.

Containers leave the port area with hinterland trains from MTRRs and RTRs.
The hinterland trains depart according to the railway timetable. If a train is not fully
loaded at its departure time, the terminal operator must decide whether the train
should depart or not. When a train cannot depart at the scheduled departure time
slot, the railway terminal operator and the network operator must find another solu-
tion like either rescheduling or canceling the train.

Our research considers both periodic and flexible timetable. In the periodic time-
table scenarios, each train has a predetermined departure time slot from a prede-
termined departure terminal. Therefore, each train could leave the port area and
enter the inland railway network at a proper time without blocking other trains. We
assume that in flexible timetable scenarios, the railway operator only cares about the
time when a train enters the inland railway network, and the train could move freely
inside the port area. Thus, a departure time slots pool could be shared among all rail
terminals inside the port area and the train could depart at any departure time slot
from any one of the terminals which is not used by another train. Additionally, two
types of train size are used: small trains with 40 TEU and large trains with 80 TEU
capacity. All trains must reach a minimal loading rate (in our case set at 75%) before
departure as Boysen and Fliedner (2010) pointed out that trains could only be profit-
able if full trains are moved.

Based on the ITT connection case and railway timetable to the hinterland, the
routes of the vehicles in the port area should be scheduled to make sure every con-
tainer can arrive at the rail yard on time. Moreover, the transshipment inside termi-
nals must be taken into consideration as well.

3.2 Container terminals and transshipments inside the terminals

Three types of container terminals are considered, i.e., RTR, MTR and MTRR,
see Fig. 1. As we study the container transport from the port to the hinterland,
the storage yards in the MTRs and quayside storage yards in MTRRs are the
origin of containers and the containers should be moved to the rail side of the

Truck Lane

Rail Mounted Gantry Crane

| 1
1 1
1 1
1 1
1 1
. 1
1 1
1 1/0 Points 1
L - - 1 ruck Lane
1 I 1
1 Storage Blocks | 1/0 Points l
1 1
! N N N
| Deep Sea Berth |

[ el ! - o
~:/,' | : ‘ Deep Sea Berth
RTR MTR MTRR

Fig. 1 Schematic representation of RTR, MTR and MTRR
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RTRs and MTRRs. In these terminals, four types of operations are considered:
(1) truck loading, (2) truck unloading, (3) train loading, and (4) train unloading.

In a MTR, several storage blocks are vertically located next to the deep sea
berth; automated Guided Vehicles (AGVs) are used to transport containers
between the berth and the storage blocks; loading and unloading operations are
performed at the I/O points where RMGs move containers between trucks and
storage blocks, see Vis and De Koster (2003) for a detailed description. In our
study, ITT trucks pick up containers from the I/O points and move the contain-
ers to MTRRs or RTRs.

In a MTRR, when an outbound container is unloaded from the deep-sea ship,
if the railway tracks are constructed along the quayside, then it is possible to
load the container onto the train using RMGCs or RTGCs; otherwise, vehicles
such as trucks and reach stackers will be used to transport the container from
the quay to the rail yard. In the rail yard of a MTRR, RMGs moves containers
between trains, rail side storage blocks and trucks.

In this research, the container from the quayside will be first moved to the
I/O points and then loaded onto an ITT truck by a RTG. Then the truck will
transport the container to the rail yard inside the terminal or to another termi-
nal in the port area. When a truck arrives at the rail yard in MTRR, without
losing generality, the container carried by truck should be firstly unloaded to
the storage yard and loaded onto a train later. Rail-rail transshipments also take
places in the rail yard in the MTRR, where cranes move containers from one
train to another. In our research, the rail-rail transshipment between ITT trains
is excluded because it can be avoided by running a train visiting all rail termi-
nals. It is assumed that the rail-rail transshipment is performed in the following
way: a RMG unloads the container from an ITT train and moves it to the storage
blocks; when the train to the hinterland is ready for loading, that container will
be loaded onto that train. This assumption, however, could lead to an increase of
RMG operations and transshipment time.

In a RTR, storage yards and truck lanes are constructed along the railway
tracks and rail mounted gantry cranes (RMGs) are used to move containers
between truck, storage yards and trains, see e.g., Boysen and Fliedner (2010). In
some cases, for example, if the storage yards and truck lanes are not built next to
the railway tracks, extra vehicles such as reach stackers and forklifts are used to
move containers, see e.g., Kozan (2006).

This research focuses on the terminals using RMGs, therefore, truck unload-
ing, train loading and unloading are performed in a way similar to the operations
in rail yards in MTRRs. The rail-road transshipment is not considered because
due to the typical size of ITT (up to 20 km in this research), it is not logical to
make a transfer from a train to a truck, therefore, no trucks are loaded in RTRs
or rail yards in MTRRs for ITT transport. The road—road transshipment is not
considered because it will not improve the transport performance while requir-
ing extra transshipment cost. In the next section, the integrated ITT, terminal
operations and hinterland rail transport will be modeled.
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4 Problem modeling
4.1 Time-space network representation
4.1.1 Links and arcs

The container and vehicle movement is formulated by a directed graph denoted as
G(N,A), where N is the set of nodes (i.e., locations of terminals and locations to
pick up or drop off containers in the network) and A is the set of arcs. The subsets
Nrer, Npickup - Ndropoff and NMin refer to the terminal, container pick-up, drop-off points
and destination node in the hinterland respectively.

Let two adjacent nodes i,j € N identify an arc (i, j), which refers to the possibil-
ity of moving from one node (location) to another one at a given time. Each arc,
(i,j) € A, is associated with a traverse time f;;. To model the moving and staying
status of vehicles and containers, two types of arcs are considered, i.e., stationary
arcs and moving arcs (subsets A*“ and A™" respectively). Vehicles and containers
on a stationary arc do not move in space but simply stay at the same node (loca-
tion) during the given time step. In other words, the only thing changing between
the start- and end-node of the arc is time. Vehicles and containers on a moving arc
are moving from one terminal to another; the arcs connect two different locations at
different times.

Figure 2 shows a simple ITT network with four terminals: one MTRR, two RTRs
and one MTR. This simple network illustrates how the time—space network repre-
sents the real ITT network. In order to distinguish the railway and road connection,

\ | \ \
‘ 1-Rail } } 2-Rail } } 3-Rail Fv>< Hinterland )

1 | ] | ] |
‘ 1-Truck } } 2-Truck [ | 3-Truck } } 4-Truck ‘

1-MTRR 2-RTR 3-RTR 4-MTR

Railway pick-up Truck pick-up
locations locations — Transhipment arcs
Rail/Truck side
Hinterland Railway drop-off Truck drop-off — Transport arcs
locations locations

Fig.2 4-terminal network with dummy nodes

| Terminal |
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2 dummy nodes are used to represent the transport segments. Node 1 — Rail and
1 — Truck denote the rail side and truck side in terminal 1 respectively. Railway
tracks in terminal 1, 2 and 3 are connected while road in terminal 1, 2, 3 and 4 is
connected.

4.1.2 Transport operations

The railway segments nodes are further connected to the destination in the hinter-
land, i.e., N"" € N, by directed arcs. These arcs are only accessible at certain depar-
ture time slots according to the railway timetable. Therefore, containers will stay in
the drop-off nodes before moving to their destinations. Let 6§ denotes the demands to
be served and © denotes the set of demands. More precisely, each demand 6 € O is
named as a task. Each task is associated with a certain number of containers Dem,
in TEU, an origin node 0, € N, a destination node d, € N, an earliest release time 7,
and an intended delivery time u,. This paper only discusses the outbound transport
flow from the port area to the hinterland and not the return flows to the port area.
Therefore, pick-up nodes NP“? € N, e.g., 1 — RailP in Fig. 2, will be the origin of
the task and the hinterland node N"" € N will be the destination of the task.

Let VTrainlIT yTrucklIT ond yTainHin he the set of vehicles used, i.e., ITT trains,
ITT trucks and hinterland trains. Each vehicle v has a carrying capacity VehCap,.
Vehicles can move containers between terminals using the transport arcs, i.e., black
arcs in Fig. 2. Win, is the set of possible departure time slots for hinterland train
v € VTraintin T et 5, which is 75% in this case, represent the minimal loading rate
which trains must reach before departure.

4.1.3 Transshipment operations

The transshipments between transport modes can also be represented by the nodes
and arcs. These arcs are named transshipment arcs, i.e., colored arcs in Fig. 2.
As mentioned in Sect. 2.2, transshipments are performed via storage yards: when
a container is transferred from road to rail inside a terminal, e.g., terminal 1, the
drop-off location in storage yard 1 — TruckD is connected to the pick-up location
1 — RailP. Thus it is possible to move from a truck to a train with an operation
time f_gep.1-raip- Similarly, when a container is transshipped from one train to
another, it will be moved from the railway drop-off node 1 — RailD to railway pick-
up node 1 — RailP with an operation time f|_g,ip 1_gaip- 10 represent the RMGs
capacity, ArcCap, ; is used to limit the number of containers that can be moved via
transshipment arcs at each time step.

4.2 Mathematical model

The parameters used in the model are shown in Table 1.

We use an integer programming model to formulate the movement of contain-
ers and vehicles and maximize the number of containers which can be delivered to
the hinterland. Two integer variables are used to formalize the temporal and spatial
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Table 1 Parameters used in the

model (] The set of tasks
Demy, Number of containers in task 6
A The set of arcs
AoV The set of moving arcs
Asta The set of stationary arcs
0y Origin node of task 6
dy Destination node of task 6
Uy Planned delivery time of task 6
Ty Release time of task 6
T The set of time steps
N The set of nodes
Nhin The set of hinterland nodes
Néropelf The set of drop off nodes
Npickup The set of pick up nodes
N'er The set of terminal nodes
Y/ TruckITT The set of ITT trucks
VTrainlTT The set of ITT trains
y Traintin The set of hinterland trains
Vv The set of all vehicles
o, The origin node of vehicle v
fij The traveling time on arc (i, j)
Win, The departure time slot for train v
VehCap, The carrying capacity of vehicle v
ArcCap; The handling capacity on arc (i, j)
n The minimal loading rate

movements of vehicles and containers respectively. Let variables x;;, , indicate the
number of v type of vehicle travelling on arc (i, /) at time t. Variables y, ;, , represent
the number of containers for task € is delivered on arc (i, ) at time ¢. We assume that
containers that cannot be delivered before their due time will remain at the origin
terminals. The objective function can then be expressed as minimizing the number
of containers cannot reach their destination on time. The final optimization model
would then read:

minZ = Z Z Demy =Yg duy.0) (1)
I=(C] (dg,dg)EA”“
S.T.
Z Yoyisradd = Dem,, VO €O )
(0gv)eA
2 Vi = X Yk VOIETI=[;20, GEN
{ili,H)eA} {kl(.k)eA}
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Z xo\,x/’,t,v = |VTruckITT|’t = Min(ra)’ Yy € VTruckITT (4)
(0,4)eA
Z xﬂnl',f,v = ‘VTrainﬂT)’t = Min(rb‘)» Yy € VTrain[TT (5)
(0,4)eA
X Foiay = |Vt = Minry), v €y ©)
(0,7)eA
Z Xijafw = Z Xijrr VIET,1-f;20,veEV o
(i)eA (jk)eA
2 Z 2 'xi‘j,l,v < 17 vVt e Wlnv (8)
iEN jeNhin ygVTrainHin
Z Xijuy =0Vt & Win,, i€ N"%7 je N ©
yey/ TrainHin
z yij,t,@ S Z VEhCapV . xiJ,t,v’ V[,i c Nler,j c Nmr, (l,]) c Am()v (10)
[Z=(C] vev
Z X =0, Vv Vie NPickup (1
(iJ)EAmov
3, s =0 e >
(i)€Amoy
Z Zyij,t,e = Z Zyj,k,t,é) + Z Zyj,p,,,g\v’j eN“, Heo 13)
ieNter teT keNter €T peNaowof (€T
; ter - hin mov
D Vi = Y, 0 VehCap,oxy, Vi €N jEN. (L) €A™ 1y
(2=C)] yeV/TrainHin
Z Vijuo < ZAI’CC(ZpiJ, Vi€ T,ie N, je NPl (i j) e A" 15)
(Z=C) veV
ZyiJ,t,H < ZArcCapl.J, Vt,i € NPk j e N (i, j) € A" a6)
6o vev
Yijeo =0, V0,1t <ry,(i.j) EA (17
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Xy =0,V <min(ry), (i,j) €A (18)
Yopopitgd T Vdydyuy0 = Demg, VO € O (19)
X €10, 1} V6w, (G,)) (20)

Yijro € {0,1}, VG@.)),t1,0 (21)

Function (1) minimizes the number of containers that cannot reach their destination
before the due time. Constraints (2) and (3) ensure the consistency of containers’ move-
ment for each demand at origin, intermediate, and destination node. Constraints (4) to
(6) guarantee that vehicles depart from pre-determined terminals at the earliest release
time. For each node, constraint (7) forces the number of incoming vehicles to equal the
number of outgoing vehicles at any time. Constraint (8) ensures that at any departure
time slot, only one train could depart from any of the terminals, which prevents one
departure time slot being used by more than one train. Constraint (9) is used to force
trains to depart based on the given timetable. In constraint (10), the number of contain-
ers delivered by a truck or train cannot exceed its carrying capacity. Constraint (11)
and (12) prevent vehicles traveling to the dummy nodes. Constraint (13) ensures that
containers on ITT trains cannot be moved to hinterland trains directly. When containers
moved to a terminal by ITT trains, these containers must be either moved to another
terminal by ITT train or dropped off first. Constraint (14) ensures that a train will not
leave before it reaches the minimum required loading rate. In constraint (15) and (16),
the number of containers being handled cannot exceed the handling capacity of the
terminal. Constraint (17) ensures that containers cannot be moved out of their origin
nodes before the corresponding release times. Constraint (18) ensures that vehicles will
not move before the earliest container release time. Constraint (19) ensures that at the
due time of task 6, all containers in that task should be at their origin or destination
node. In our model, the ITT will send as many containers as possible to rail termi-
nal before the departure of the train. In that case, delayed delivery to a rail terminal is
meaningless as the connecting train could have departed or cancelled. Thus, we assume
that the containers cannot be sent to destinations before their due time will stay at their
origin terminals. With this assumption, we could: (1) avoid the non-performance in
ITT; (2) rule out some similar solutions for the solver (as the delayed containers can
be at any locations at its due time, while the location of these containers has no influ-
ence to our objective function). In other terms, this fix helps as the final location of the
delayed containers, i.e., the index (i, j), for which y; ) is non-zero, for the time t = u,,
for each 6, has no direct influence on to our objective function. Constraints (20) and

(21) state the restriction of the variables x;;,,and y; ; , o.

5 Computational experiments
Computational experiments are conducted under different conditions, several sce-

narios were created by varying the transport demand, ITT terminal connections,
train formation and railway timetables. The tested cases need to be complex enough
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to reflect realistic conditions but at the same time be solvable in an acceptable time
period. Thus, the test cases were designed as container transport from 11 container
terminals to a single destination in the hinterland with 2 ITT trains, 8 ITT trucks and
maximum 20 trains to the hinterland (an extended version of Fig. 2). The scenarios
represent a randomized transport demand day with different distributions. A plan-
ning horizon of 24 h with a 5-minute discretization was used.

5.1 Container terminals and transport network: instances and assumptions

We use a simplified network based on the terminals in Maasvlakte 1&2. 11 real-life
container terminals are considered: four MTRRs, five MTRs and two RTRs. The
MTRRs and RTRs are connected to the Port Railway Line and then further con-
nected to the Betuweroute, which heads to Germany. The terminals’ names and
types are shown in Fig. 3. The possible connections between the terminals, their
distance, and the minimum travel time (if there is no queue for loading/unloading)
are shown in Fig. 4a.

In order to plan the vehicle and container movement among these terminals, the
following key information about the containers, ITT vehicles, hinterland railway,
and terminals over a certain time period (e.g., daily basis) should be collected and
available in advance, see Table 2.

For the containers, information about transport volume, origin terminal or yard
in the port, release time in the origin terminal, the destination of the container, and
the destination is needed. The transport volume, the origin terminal or yard and the
release time can be obtained from terminal operators based on their operational
plan. The terminal operators also have the destination information of each container
from the deep-sea container carriers.

For the ITT vehicles, including ITT trucks and ITT trains, we need the informa-
tion about their location and capacity as the input for our model. The ITT vehicles
can be provided by a third party ITT provider, a logistic provider or several terminal
operators. Then, information should be collected from different actors involved and
identify available vehicles and their capacities.

= Number Terminals Type  [Rail tracks| Demand
4 2 X 1 ECT Euromax MTRR | 6:750m | 162/216
4 2 Rotterdam World Gateway MTRR | 6*750m | 84/112
j; ' 3 APM Terminals Maasvlakte2 MTRR | 4*800m | 100/134
;’ pEey 4 APM Terminals Rotterdam MTR - 120/160
F\Y’ 5 ECT Delta Terminal MTR - 90/120
; 6 ECT Delta Barge Terminal MTR - 16/22
7 Rotterdam Container Terminal (Kramer Group) | MTRR | 3*300m | 18/24
8 Kramer Maasvlakte Depot MTR - 415
9 Van Doorn Container Depot MTR = 57
10 Eastern Rail Terminal RTR 4*750m
1 Rail Terminal West RTR 6*750 =

Fig. 3 Container terminals in Maasvlakte 1&2

@ Springer



820 Q. Huetal.

1) %0 ——DS1
10Km (25min) -~ 180 X =052
5 /\ DS3
3em (10min) 1" [\
JiN ——DS4
i Pa 140 /
e \ s
A 2%m (10min) 1km (5 min)—Y— Tkm (Smin) 1km (min) » /
// 2m (10min) > 3 A 4 fF—| 10 }(—) 5 J—— 6 %
o ; — 10
e 3 (15 A H
[ mn) (9 i -]
[ 2 Ve— 3 AR e (10min) R
R 2 toma) . = . B
Skm (15min) (8 )ethm(smin)y, ~
B~ T MR 40
2km (10min) T
. ke
3 ! am (5min) i ] sm 20
gl <> [T Road Connection ° $ ® S & &
S TS S S S S S
& & &GS
<-> T Rail Connection FFFF&FFF &

mmmm)  Hinterland Rail Connection Time

a b

Fig.4 Connections between terminals and peak demand factors

Table 2 Required information for the optimization model

Data How to collect How often
Container Get an operation plan from terminal operator At least daily
Volume

Release time

Origin location

Destination
ITT vehicle Get the location and capacity of trucks and trains from ITT opera-
Vehicle location tors and/or logistic providers and/or terminal operators

Transport capacity

Hinterland railway Get the timetable from the infrastructure manager and/or track Update when
Timetable owner there are
. . Get the train formation plan from train operator changes
Train capacity
Terminal Get the operation plan, equipment information, etc. from terminal
Handling capacity operators
Handling speed

For the hinterland railway transport, the information about railway timetable and
train capacity is needed. The railway timetable, which indicates which time slots are
possible for train departure, can be obtained from the track owner; and the capacity
of the hinterland train can be collected from the train operator.

For the terminals, the handling capacities and handling speed are needed to cal-
culate the time spent in (un)loading. This information can be collected from termi-
nal operators based on the type of equipment and the operation plan.

We believe that most of the information about the containers and ITT vehicles
should be collected at least on a daily basis because the accuracy of the information
will become lower over a longer time period. The infrastructure manager (in most
cases), e.g., ProRail in the Netherlands, or the track owners (for some industrial
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private railways) usually use a fixed timetable for a year. Similarly, the terminal
handling capacity may remain the same if the same amount and type of equipment
and working procedure (number of crew, business hours, etc.) are used. Therefore,
the information about the hinterland railway timetable and terminals can be updated
only if there are major changes in the terminal.

Although collecting the information requires considerable effort from the deci-
sion maker(s) who wants to schedule the integrated ITT and hinterland rail system,
we believe obtaining these data is possible. For experimental purpose, however, esti-
mation should be made as the input for our model. The estimation could for exam-
ple be made with on-site observing, however, the complication is that we cannot
get these data for all terminals at the same time. Therefore, we made the following
assumptions given the conditions of terminals in Port of Rotterdam.

In terms of operational capacity, the capacity is assumed to be always enough
for loading and unloading trucks as well as for the transshipment from trucks to
trains. The capacity of train loading, unloading and transshipment, however, can be
estimated by the number of rail tracks and rail cranes in each yard. The number of
cranes in each rail terminal can be found in Fig. 3. Every railway crane can handle
one TEU per time step.

Among the studied terminals, six terminals possess rail access, as shown in
Fig. 3. All these terminals except terminal 8 can handle ITT trains and hinterland
trains. As the rail track length in terminal 8, Rotterdam Container Terminal is much
shorter than 750 m, it is assumed that no hinterland trains depart from that terminal.
As for the capacity of trains, ITT trains can carry 20 TEU containers and hinterland
trains can carry either 40 TEU or 80 TEU containers. The minimum assumed load-
ing rate of the hinterland train is 75%. In terminal 1, 2, 3, 10 and 11, maximal four
small trains or two large trains could depart every day.

The transport demand is generated considering the throughput of the Rotterdam
port and the modal split. In 2017, approximately 1.2 million TEU containers are sent
to the hinterland from Rotterdam port (Port of Rotterdam 2017). According to the
Port Vision 2030, rail transport covered around 15% of the total transport demand in
2011 and should cover at least 20% of these containers before 2030 (Port of Rotter-
dam 2011). Given the improvement of the rail transport, we consider two scenarios
of rail transport around 20%: in small transport demand cases (DS1 and DS2), the
share of rail transport increases slowly and 18% of the total transport demand is
covered by rail (600 TEU per day) and in the large transport demand cases (DS3 and
DS4), the share of rail transport has been largely increased, i.e., 24% of the contain-
ers are covered by rail (800 TEU per day).

In this paper, all containers have the same destination in the hinterland, thus we
only need to generate the release time and origin terminal of each task. Among the
four DSs, two of them (DS1 and DS3) are released evenly within the day and two
of them (DS2 and DS4) are released with peak factors. The peak factors, i.e., the
ratio of peak demand to the average demand, used in the experiment were reported
in Nieuwkoop (2013), which studied the variation in ITT transport demand between
terminals of Maasvlakte 1. The variation of the transport demand can be found in
Fig. 4.b. To avoid infeasible transport demand, it is assumed that the last transport
demand is released 3 h before the end of the planning horizon. The transport demand
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of each terminal is shown in Fig. 3, e.g., the total transport demand of terminal 1 in
DS1 and DS3 is 162 TEU; the total transport demand of terminal 1 in DS2 and DS4
is 216 TEU. The transport demand scenarios are as follows:

DS1 65 tasks: 600 TEU containers distributed evenly;
DS2 61 tasks: 600 TEU containers distributed with peak factors;
DS3 65 tasks: 800 TEU containers distributed evenly;
DS4 67tasks: 800 TEU containers distributed with peak factors.

5.2 ITT connections: complete and incomplete connections

To test container delivery with different ITT connections, a complete and an incom-
plete ITT system were created. In the complete ITT, we assumed that containers can
be moved to any MTRR or RTR (terminal 1, 2, 3, 10 and 11) before being loaded
onto the train to the hinterland. Then, we constructed the incomplete ITT network
considering the existing current terminal connections. As a result, connections
between ECT terminals (terminal 1, 5, 6, 10, 11), Rotterdam World Gateway (termi-
nal 2) and APM terminals (terminal 3 and 4) were excluded. Therefore, containers
from the ECT terminals, i.e., terminal 1, 5 and 6, can only be moved to terminal 10
and 11; containers from terminal 4 can only be moved to terminal 3; containers from
terminal 2 and 3 cannot be moved to other terminals; containers from other termi-
nals can be moved to any MTRR or MTR. In the incomplete ITT network, only four
terminals (terminal 2, 3, 10 and 11) can be used for the hinterland trains.

5.3 Railway timetable: periodic timetable and flexible timetable

Two timetable scenarios are proposed: the periodic timetable and the flexible time-
table. In the periodic timetable, each planned train is assigned with a departure time
slot. If a train is delayed, then the train will be canceled. In a flexible timetable case,
instead of assigning the departure time slots to each train, we assume that there is a
departure time slots pool and these slots can be shared among the trains and termi-
nals. So the terminal operator could choose a suitable departure time slot from the
pool as long as that time slot is not used by another train. Moreover, in the periodic
timetable case, each train has a fixed terminal to depart and a maximum of four
trains can depart from each terminal during the planning horizon; in the flexible
timetable case, there is no limitation for the number of trains departing from each
terminal.

5.4 Test Scenarios and container delivery

The experiments include 24 scenarios, see Table 3. The small transport demand
scenarios (DS1 and DS2) are tested with complete and incomplete ITT connec-
tions; small and large hinterland trains; and flexible and periodic timetables.
In the complete ITT connections, maximal 20 small trains or 10 large trains
can depart from each of the five terminals (i.e., terminal 1, 2, 3, 10 and 11); in
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Table 3 Overview of tested scenarios

Demand scenario ITT Number Train capacity Railway timetable
Connection of trains
S1 DSI1: 600 TEU container without  Complete 20 40TEU Periodic
s2  peakhours Flexible
S3 10 80TEU Periodic
S4 Flexible
S5 Incomplete 16 40TEU Periodic
S6 Flexible
S7 8 80TEU Periodic
S8 Flexible
S9  DS2: 600 TEU container with Complete 20 40TEU Periodic
s10  peak hours Flexible
S11 10 80TEU Periodic
S12 Flexible
S13 Incomplete 16 40TEU Periodic
S14 Flexible
S15 8 80TEU Periodic
S16 Flexible
S17 DS3: 800 TEU container without ~ Complete 20 40TEU Periodic
s1g  peak hours Flexible
S19 10 80TEU Periodic
S20 Flexible
S21 DS4: 800 TEU container with Complete 20 40TEU Periodic
§22  peak hours Flexible
S23 10 80TEU Periodic
S24 Flexible

incomplete ITT connections, maximal 16 small trains and 8 large trains could
depart from the four terminals (i.e., terminal 2, 3, 10 and 11). Therefore, the con-
figuration of large transport demand scenarios (DS3 and DS4) and incomplete
ITT connection are infeasible and not included in the experiments. The 24 sce-
narios are solved using IBM ILOG OPL CPLEX OPTIMISER version 12.7.1 on a
machine with Microsoft Windows 7 operating system, Intel i5 core 3.2 GHz CPU,
16 GB RAM.

Figure 5 shows the movement of one task in the optimization results. In this
case, demand scenario DS2 with incomplete ITT connection was executed. The
arcs in Fig. 5 represent 12 TEU containers released from terminal 1 at 0:00 and
finally loaded onto a hinterland train departed from terminal 11 at 11:30. Because
the incomplete connection was used, these containers had to be sent to terminal
10 or 11. The transshipment operations started at 6:25, and all 12 TEU containers
were ready for the ITT trains at 8:35. At 8:45 an ITT train took these contain-
ers from terminal 1 to terminal 11. This train arrived at terminal 11 at 9:35 and
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Fig.5 Illustration of the optimization results

then containers were dropped off from the ITT train. After that, containers were
loaded onto the hinterland train. The loading process ended at 11:20.

Table 4 gives an overview of the experiment results. The first column is the index
of the test scenarios. The second column indicates the number of containers deliv-
ered on time to the hinterland. The last three columns show the number of hinterland
trains that departed, the average loading rate of the hinterland trains and the compu-
tation time. Most of the cases with 600 TEU containers can be solved within 10 min,
while some other cases with 800 TEU containers take around one hour to find the
optimal solution.

The complete ITT connection performed better than the incomplete ITT connec-
tion. Test scenarios with complete ITT connection (S1-S4, S9-S12) delivered more
containers to the hinterland regardless of transport demands and train capacity: on
average, 98% of the containers were delivered on time with complete ITT while 94%
of the containers were delivered on time with incomplete ITT.

Moreover, the incomplete ITT network puts more pressure on the rail yards.
Table 5 shows the number of containers handling operations, i.e., pick-up, drop-
off and transfer in two RTRs, for a relevant subset of scenarios. For example, when
small trains with periodic timetable are used to transport 600 TEU containers with
evenly distributed release time, the rail yards in MTRR and RTR need to perform
606 handling operations in a complete ITT connection (scenario 1), while the figure
is 1034 for incomplete connection, i.e., 71% increase. On average, the total number
of handling operations increased by 67% and 78% if the incomplete ITT connection
was used for DS1 and DS2 respectively. It is also notable that in some complete ITT
cases (S4, S11 and S12), no train departed from rail terminal 11, but the system
could still deliver more containers than the incomplete ITT.

Two types of hinterland trains were tested. According to Table 4, the terminal
operator should consider smaller trains when using fixed timetables: trains with 40
TEU transported more containers in all scenarios. This increases the flexibility of
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Table 4 Overview of container delivery

ITT Connec-  Railway time- Container Trains Average train  CPU time (min)
tion table delivery departed loading rate
(TEU) (%)
S1  Complete Periodic 598 17 87.94 6.2
S2 Flexible 600 18 83.06 8.7
S3 Periodic 536 7 95.71 6.7
S4 Flexible 600 10 75.00 12.0
S5  Incomplete Periodic 540 14 96.43 7.0
S6 Flexible 600 16 93.75 8.1
S7 Periodic 520 7 92.86 7.1
S8 Flexible 596 8 93.13 9.3
S9  Complete Periodic 598 17 87.94 6.8
S10 Flexible 600 18 83.06 10.7
S11 Periodic 552 8 86.25 72
S12 Flexible 600 9 83.33 9.9
S13  Incomplete Periodic 540 15 90.00 35
S14 Flexible 600 16 93.75 6.4
S15 Periodic 524 7 93.57 5.9
S16 Flexible 596 8 93.13 8.6
S17 Complete Periodic 742 20 92.75 38.5
S18 Flexible 800 20 100.00 42.1
S19 Periodic 658 9 91.39 36.5
S20 Flexible 800 10 100.00 43.6
S21 Complete Periodic 743 20 92.88 56.4
S22 Flexible 800 20 100.00 76.2
S23 Periodic 677 9 94.03 59.5
S24 Flexible 800 10 100.00 61.2

the system against higher operational costs (more locomotives, more drivers). When
using the flexible timetable, the loading rate of smaller trains is higher.

The flexible railway timetable has a promising role in improving the container
delivery performance. Table 4 shows that when the transport demand was 800 TEU,
trains with a flexible timetable could deliver all containers; when the total transport
demand was 600 TEU and the complete ITT was used, trains with flexible timetable
could deliver all containers. Trains with fixed timetable could not deliver all con-
tainers in any case. It is notable that in the flexible timetable cases, the average train
loading rate is lower because fewer trains were cancelled.

Figure 6 shows that in a flexible timetable case, 20 trains were fully loaded while
in the periodic timetable, the average loading rate of the 20 trains departed was
92.88%. DS4 was used in these two cases. As shown in Fig. 4b, the peak hours were
between 6:00 and 9:00, and the periodic trains departed during the peak hours with-
out fully loading, which could result in lost capacity.

@ Springer



826 Q. Huetal.

Table 5 Number of containers
handling operations in rail yard
of MTRR and RTR

ITT Connection Terminal 10 Terminal 11  Total moves

S1  Complete 133 65 606
S2 148 37 616
S3 155 87 707
S4 120 0 608
S5  Incomplete 324 276 1034
S6 373 237 1094
S7 317 296 1014
S8 439 175 1090
S9  Complete 137 62 604
S10 108 32 606
S11 127 0 558
S12 152 0 606
S13  Incomplete 254 342 1030
S14 319 291 1092
S15 280 332 1016
S16 456 158 1088

5.5 Arolling horizon approach to solving large cases

When solving the problem with smaller transport demand and a periodic timetable,
the computation is efficient enough to provide solutions to dispatch the transport
and handling operations. The last column of Table 3 shows the CPU time for solv-
ing each scenario. Most of the test cases with small transport demand can be solved
within 10 min. However, the computation time increases significantly when dealing
with larger transport demand and flexible timetable. In this section, a rolling horizon
procedure is proposed to improve the computation so that the optimization could
also be implemented in practice.
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Fig.6 Periodic and flexible timetable
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Rolling horizon framework is usually used when solving dynamic problems or
when commercial software fails in finding an optimal solution within a reasonable
computation time. Wang and Kopfer (2015) solve a dynamic vehicle routing prob-
lem with two types of rolling horizon framework. The first one is the rolling horizon
with fixed interval and the second type is called request triggered rolling horizon.
In the first type of rolling horizon, the length of the planning horizon is fixed and
pre-determined. In the second type of rolling horizon, the release of a new trans-
port request will terminate the previous planning horizon and start a new one. Liang
et al. (2018) focus on an automated taxi routing problem. With the proposed rolling
horizon procedure, real-time transport requests are considered when a new planning
horizon starts. Our research uses a rolling horizon with fixed interval because we
only consider static transport demand.

In the proposed rolling horizon framework (see Fig. 7), the planning for one day
is performed with several iterations. In the first iteration, a planning horizon with
fixed length (from Time interval 1 to Time interval 2) is considered. The optimal
solution for vehicle routing and container handling is found based on the transport
demand and available vehicles in that planning horizon. Then, the solution for Time
interval 1, i.e., Result 1, is implemented for dispatching the transport and handling
operation and the status of vehicle and containers is recorded as the input of next
planning horizon which starts from Time interval 2.

In practice, the rolling horizon framework can be used to consider real-time
demand information: in this case, the demand information will be updated at the
beginning of each planning horizon. In this study, we use static transport demand
data and there is no transport demand released after 21:00. Therefore, we divide the

A Planning Horizon
A

e

Iteration 1 %//////////////%
teration 2 | k2 [
Iteration 3 W///////////////////%

Iterationn | Resultn |

Time interval 1

Time interval 2 | | Time interval n |

I:l Implement %////% Non-implement

Fig. 7 Rolling horizon framework
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Table6 Computation time
in minutes and number of
containers delivered

Rolling horizon Optimal
solution

H1 H2 H3 H4 HS Totaltime TEU* Time TEU

S21 02 05 08 10+ 5.1 16.6 680 564 743
S22 1.9 10+ 06 62 1.1 1938 734 76,2 800
S23 02 10+ 05 15 09 131 610 595 677
S24 9.2 10+ 10+ 10+ 0.5 39.7 785 61,2 800

TEU* is the number of containers delivered on time. 10+ means the
optimal solution is not found within 10 min and the algorithm stops
at 10 min

one-day planning into five planning horizon: each horizon covers 8 h. In the first
four planning horizon, the solution of the first 4 h is implemented; and in the last
horizon, the solution for the entire planning horizon is implemented.

When solving the problem with the rolling horizon, a maximum computation
time, i.e., 10 min, is set for each planning horizon. If the optimal solution cannot
be found within 10 min, the best solution found will be accepted and the next plan-
ning horizon will start. Table 6 shows the computation results with the rolling hori-
zon and optimal solution. For most of the planning horizons, it is possible to finish
the computation within the time limit. The rolling horizon algorithm can give good
solution compared with the optimal solution: the difference between the rolling hori-
zon and the optimal solution are large in terms of the computation time (the rolling
horizon is much faster). However, the performance of the rolling horizon in terms of
delivered containers is lower as compared to the optimal solution.

6 Conclusions

This paper focused on the integration of inter-terminal transport (ITT) within the
port area considering the transshipment operations and railway timetable. The ITT
network was designed based on the terminals in Maasvlakte 1&2, Rotterdam and
the problem was formulated with a mathematical optimization model. Our model
can help terminal operators to schedule the ITT fleet and RMGs in terminals. The
experiments also show that more and flexible ITT connections and a flexible railway
timetable can increase the transport performance of containers being delivered to
the hinterland.

The existing research has studied a wide range of relatively isolated decision
problems of container transport inside a port area (ITT), terminal operations and
rail transport to the hinterland. Most of them focused on either operations within
single terminal or single transport segments. In our research, an integer program-
ming model is proposed based on a time—space graph. The model optimizes the
movements of containers, ITT vehicles and hinterland trains in an integrated way.
Moreover, the model can formulate the transshipment operations between different
vehicles and the storage yard considering the handling capacity.
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Computational experiments are conducted with different transport demands,
variations in available ITT connections, hinterland train capacities and railway
timetables. The results show that a better ITT connection can improve the container
delivery to the hinterland. If the Port authority and terminal operators can reach
an agreement to provide more ITT access to each other then they can increase the
number of containers delivered on time and reduce the number of handling oper-
ations. In the experiments, 98% and 94% of the total containers from the termi-
nals can be delivered to their destination with complete ITT and incomplete ITT
respectively. This indicates that the port authority may encourage the coordination
between terminals as this increases the performance of the ITT network and its
connections to the hinterland. Next, if a more flexible railway timetable is possible,
i.e., terminals could have more choices on when the train departs, more contain-
ers can be delivered on time. In the experiment, all containers can be delivered to
their destination with the flexible timetable and complete ITT connection. When
using a periodic timetable, 91% of the container can be delivered with complete
ITT connections and 89% of the containers can be delivered with incomplete ITT
connections. Also, this means that a better performance of the ITT network and its
hinterland connections is possible if more flexibility is introduced by the infrastruc-
ture provider.

When using a periodic timetable, smaller trains with higher frequency perform
better than large trains with low frequency. Although smaller trains are more expen-
sive, they also offer more flexibility and higher frequencies leading to a better per-
formance in the model (although possibly at higher costs).

Moreover, a rolling horizon framework is proposed to provide solutions with
shorter computation time. Each of the 5 planning horizons considers the transport
demand for 8 h. By solving the problem based on a shorter planning horizon, the
computation time is reduced, however, the number of delivered containers is consid-
erably lower (although the difference in general remains under 10%).

For further research, the model can also be extended to analyze a transport system
with inland shipping, railway and trucking, which could be beneficial for the port
authority, terminal operator and for the intermodal transport provider. The move-
ment of inland waterway vessel can be formulated in a similar way as for the ITT
trains, while the different schedule for the vessels could be studied and analyzed.
And the costs and time of using different transport modes should also be considered.
In the multi-modal transport system, different objectives should be also considered.
For example, minimize the trains delays could be important for the railway opera-
tors to reduce the rescheduling costs. Overall, more cooperation and more flexibility
introduced into the integrated ITT system and its hinterland rail connections will
improve its performance as compared to current operations which are less flexible
and less cooperative.
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