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1. Introduction

The business environment in which ports, ocean carriers and logistics service
providers are acting is changing rapidly due to changing economic conditions,
competition and technology. During the last decade container trade experienced
phenomenal growth in term of container volumes and ship size (Figure 1). In-
crease in container volume causes increased pressure on entire logistics network

resulting into port congestion, high dwell time and higher logistics costs [2].
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Figure 1. Global Container Trade 1996-2016 (TEUs). Source: United Nation Conference
on Trade and Development, UNCTAD, 2016.

Ports are particularly affected by ever increasing container volumes as their
operational capability becomes highly constrained. As acknowledged [3] lack of
sufficient container storage space is one the critical challenges facing ports today.
Consequently, consistent lack of capacity may cause port customers to shift to
competition ports. Traffic volume growth entails a mismatch between port re-
sources (Ze. yard capacity, handling facilities and gate capacity) and ability to
handle those volumes. This situation leads to congestion as port user end up in-
terfering with each other in the utilization of port resource [4].

The freight transportation network has experienced an evolution of terminals
which connect seaport with their hinterlands. Several names apply to these ter-
minals including inland Container Depots (ICDs), Dry Port, Container Freight
Stations (CFS), inland intermodal terminals, interior port (interports), etc.

Dry ports are mature and well established in developed countries and are in-
creasingly embraced in developing economies. The dry port concept is based on
a seaport directly connected with inland intermodal terminals where goods in
intermodal loading units can be turned in as if directly to the seaport.

Extensive dry ports and Inter modal freight Terminal related studies have
been carried out with focus on developed economics but less has been done with
respect to developing economies despite their increasing role in the global
supply chain. Major works by [5], [6], [7] and [8] to mention but a few concen-
trated on Europe and North America. However, in the past few years considera-
ble research works have turned attention to developing countries. Notably the
works of [9], [10], Ng and [8], [11], [12] and [13] have extensively examined the
intermodal terminal phenomenon in Asia with India dominating these studies.
[13] turned their attention on Brazil, research on evolution and integration of
inland container terminal in logistics systems covering developing countries and

West Africa in particular is still limited and needs to be explored further.
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Implementation of inland terminal unleashes a set of new challenges upon
container transport industry. Challenges include affective determination of loca-
tion and number of terminal to insert in the logistics network as well as the ul-
timate routing of freight to final destination that minimizes the transportation
cost born by shippers and the economy at large. In recognition of the competi-
tive environment in which ports operate; trade-offs between cost adding and
cost saving properties of inland terminal needs to be given due consideration
when integration of inland freight terminal into freight network.

Therefore this paper presents a model for effective integration of inland in-
termodal terminal into logistics network. The model simultaneously determines
the number and location of inland terminals in network and optimal freight
routing to the hinterlands that minimize the total cost of flow. The model uses

Abidjan port in Cote d’Ivoire as the case study for solving numeric examples.

2. Freight Flow Modelling and Mathematic Formulation
2.1. Freight Flow Modelling

In this thesis, intermodal terminal location problem involves determination of
number of terminal in such way that customer demand are met at minimum
shipping cost. In this regard the problem is addressed as a network flow problem
in logistic network with not direct shipping constraint as depicted in Figure 2
below.

The goal is to locate terminals and assign demand nodes to the appropriate
terminals.

A simply layout of intermodal terminal insertion is show in Figure 2. The
figure depicts the configuration of the network including one seaport
representing Abidjan which make our case study in this research work. Sea port
is freight generation nodes for the flow in inland destination. Apart from the
seaport the network includes inland nodes which serves as final destination

point for import freight.

-: Seaport _ Intermodal Terminal Demand Node

Rail Links =————————>Road Links —————>

Figure 2. Intermodal terminal integration in transportation network. Source: Author.
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2.2. Model Formulation

routing is done by road and rail link between terminal.

The problem will be formulated in the case of a rail-road network where post-

We present a linear optimization model which is implemented using LINGO

Cote d’Ivoire as a case study for demonstration of a numerical examples.

Here are the different variables used in the model:

Model Parameters:

O: set of freight origin (Abidjan port)

I set of terminals

- set of demand nodes

m: Number of demand nodes

n: Number of potential terminals indexed by j, jeJ ={1,---,n}

Mathematical Modeling Language. The model simultaneously determines the
optimal number of terminal to include in the network that result into the mini-

mum container shipping costs to final destination. The model uses Abidjan port,

M: constant equal to total quantity (Ton) of freight to be shipped from port to

hinterland

- Number of terminal to be located, 1< p<n

¢,;: The unit transportation cost from port to terminal I (rail link) in

Ton/Kilometer

¢; + The unit transport cost from terminal to final demand node in Ton/Km

(road link)

d,, : Railway distance from origin to terminal

d;: Road distance from terminal to final demand node

7. : Rail mode transport

oi

7, : Road mode Transport

io

F

" : Fixed terminal installation cost at terminal 7.
a;: Demand at node /

Decision Variables: Location variable

v, =1 if terminal is located at potential terminal 7

0 otherwise

Minimize Z:
min:zzzauicaidoi’;i+Zzza1jczjdijrr;j+zzl;; (1)
o i o i r
Subjects to:
zyi =P (2)
iel
2y =1 (3)
jeJ
Yi—a; <0 (4)
22a,=M (5)
i
a, =0; a; 2 0 (6)
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¥, =101} 7)

2.3. Constraints Description

The objective function (1) minimizes the total cost of moving freight import
from the port to final destination, being the sum of cost from port to terminal,
transportation cost from terminal to hinterland and terminal implementation
cost.

The constraint (2) states that P terminals must be located. The constraint (3)
requires that each demand node j be assigned to exactly one terminal 7 Con-
straints (4) limit the assignment of demand nodes to open terminal. The con-
straint (5) ensure that the sum of goods routed via terminal is equal to the de-
mand associated with each origin/ destination pair.

The constrain (6) defines nonnegative parameter. And the (7) is the standard

integrity constraints.

3. The Case of Abidjan Port Hinterland, Cote d’'Ivoire
3.1. Abidjan Port Hinterland

The hinterland of a port is basically made up of areas where the port serves and
can be served from. To wit, a hinterland is the area over which a port extracts its
main clientele base. Port hinterlands can basically be categorized into Captive
hinterlands and Contestable hinterlands the captive hinterlands are areas where
the port is able to reach and serve its customers and clients at a very competitive
price. It can also be described as areas where the port has a well-established
clientele base and does not face any form of rivalry from neighboring ports. Be-
cause of a lower generalized transportation cost, some ports enjoy a considerable
amount of competitive advantage over other ports and so in areas where a port
enjoys such competitive advantage, such areas or regions can be referred as its
captive hinterlands. So consequently, an immense amount of cargoes to/from
this region are handled by the port, which considers those areas as its captive
hinterlands. In the specific case of the Abidjan port in Cote d’Ivoire, the
four-walls of Cote d’Ivoire could be described as its captive hinterlands because
those are the areas that do not receive any competition from any neighboring
ports such as Tema, Lome and Cotonou.

Contestable hinterland where no port has a continual cost advantage over
other neighboring ports, port competition becomes fiercest, and these areas can
be referred to as Contestable hinterlands. To wit, the contestable hinterlands of a
port are those areas that the port serves and can be served from but are also up
for competition from other ports. Depending on the efficiency of a port, it can
lose or maintain or even expand its contestable hinterlands. Taking the West
Africa region countries under consideration in this study, their contestable hin-
terlands are the Sahel regions of West, Africa. These are regions, which are basi-
cally land-locked and need the services of these ports to serve as a gateway for

maritime transport (Niger, Burkina Faso and Mali) (Figure 3).
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Figure 3. West Africa map showing Abidjan Port Hinterland and the Corridor Abidjan
to Ouagadougou-Bamako. Source: Source: Adorkor J. K. (1993).

3.2. Abidjan Ouagadougou and Abidjan Bamako Corridors

Corridors Abidjan-Ouagadougou and Abidjan-Bamako overlaps partially, con-
necting Ivory Coast in Burkina Faso to a lesser extent in Niger and in Mali. The
corridor Abidjan-Ouagadougou is at the same time a railroad. The corridor Ab-
idjan-Bamako follows the same road of Abidjan to Ouangolodougou, then
branches out to Bamako , whereas the road/railroad borrows the railroad con-

necting Abidjan with Ferkéssédougou and continues by the road to Bamako.

3.3. Potential Terminal Location Site

The goal is to describe a method that helps determine the best potential loca-
tions. The basic idea is to use commodity flows and their geographic dispersion
as input to determine a set of potential locations for rail-road container termin-
als

Terminal localization problems require a set of potential locations, as well as
the matrices of flows and costs between these locations. In the case of a large
network, the number of potential locations becomes too large for this location
problem to be resolved by an exact method. The methodology used to determine
the potential locations in our case study will be one of the approaches presented
by [14]: potential locations are nodes connected to railways and roads (Table 1).

The main cities on railway link are considered as potential sites for the ter-
minals.

When these potential locations are determined, the possible container flows
between them are evaluated by taking into account the demands related to the
market areas. Then, transportation costs between these potential locations are
evaluated by multiplying the distances obtained by the unit cost, road or rail de-
pending on the mode of transport envisaged.
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Table 1. Potential intermodal terminal.

. . . . . Distance from Port of Abidjan
Potential Terminal ID  City Name as Potential Terminal

by Railway (Kilometer)
Y1 Abgoville 83
Y2 Dimbokro 180
Y3 Bouake 315
Y4 Katiola 371
Y5 Ferkessedougou 558
Y6 Ouangolodougou 606

3.4. Demand Nodes and Quantity Demanded

Spatial aggregation of demand nodes is a very common technique used to solve
location problems. It was like reducing the size of these problems to make their
solution possible. The aggregation of the nodes of demand is frequently made by
a technique of classification. The classification makes it possible to group data
(in the problem which concerns us: demand nodes) in several classes so that the
data of the same class are as similar as possible and that the classes are as differ-
ent as possible. Then each class is represented by a single demand node, usually
the centroid of the class.

Indeed port statistics only indicate final destination of freight in the country
without any indication of the region, district, city or town. Due to this deficient,
we adopted approach base on population and Gross Domestic Production cor-
relation to determine the quantity on freight (tons) at each demand point.

Demand nodes in Abidjan port hinterland in Cote d’Ivoire were established
based on economic and demographic factors. It was assumed that the demand
for freight was directly correlated to population of given region and their pur-
chasing power measured in term of GDP per capita. Since socio-economic factor
such as per-capita income and population are useful in determining freight
production and attraction [15]. The same were used in determining freight des-
tination in Ivorian market. Cote d’Ivoire is subdivided into 12 administrative re-
gion and 2 autonomous districts (Table 2). These region and districts were used
to define the consumption market for freight imports. The capital of each region
is designated as the final cargo center used for analysis in this study.

For the transit countries of Mali, Burkina Faso and Niger the capital city of
each country was designated as the cargo center for that country as follows Ba-
mako (Mali), Ouagadougou (Burkina Faso), and Niamey (Niger).

Now, the flow matrices and costs between each pair of potential locations are

estimated and can serve as inputs to terminal location problem.

3.5. Estimation of the Potential Terminal Market Areas

The problem of market areas has been addressed by many authors, for example
Hotelling H. (1929) [16] or Berry B. J. L. (1967) [17], Niérat (1997) [18] studied
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Table 2. Freight distribution quantities and demand node by district, region or country.

Capital as Demanded Quantities  Distance between

District/Regi C tri
istrict/Region/Countries Cargo Center at each Node (Tons) Port & Nodes (Km)

Abidjan Abidjan City 2,386,171 -
Yamoussoukro Yamoussokro 180,239 236
Lacs Dimbokro 637,983 180
Comoe Abengourou 609,823 209
Denguele Odienne 146,888 717
Goh Djiboua Gagnoa 813,715 272
Lagunes Dabou 749,218 46
Montagnes Man 1,202,320 585
Sassandra Marahoue Daloa 1,162,470 373
Bas Sassandra San Pedro 1,156,003 354
Vallee de Bandama Bouake 730,351 315
Woroba Seguela 428,399 473
Zanzan Bondoukou 473,621 403
Savanes Korhogo 814,836 564
Mali Bamako 839,092 1173
Burkina Faso Ouagadougou 1,421,435 1145
Niger Niamey 45,105 1622

the market area of a rail-road terminal by taking a carrier’s point of view and
comparing the cost of transportation solutions (Table 3).
The market area is determined by all M points for which intermodal transport

is cheaper than road transport (see Figure 4).

3.6. Model Application Using Abidjan Port as Case Study

In this section, the problem of the p-median will be formulated with Lingo Ma-
thematical Language (Appendix 1) in the case of a rail-road network where
post-routing is done by road and rail link between terminal.
The problem define above is a linear optimization formulation for minimum
cost network flow. In modeling the problem several assumptions and considera-
tions were made, namely:
¢ There is only one source node (Abidjan port) and five potentials terminal
* The number and location of proposed intermodal terminal are known (ex-
ogenous model), hence the model evaluates the optimality of location, num-
ber of terminal to be included in the network and optimal for attaining the
minimum cost for freight flows through the port.

* The installation and fixed cost of terminals are not considered.

¢ The capacity (annual throughput) of terminals is unlimited.

* Not direct shipping constraint
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Figure 4. Potential terminal market area. Source: Nierat, 1997.

Table 3. Potential terminal market area.

Freight
Terminal City Name Demanded
. Market Area i
ID as Potential Associated
(Ton)
Y1 Abgoville Abidjan-Gagnoa-Dabou-San Pedro 5.5183.59
Y2 Dimbokro Yamoussoukro-Dimbokro-Abengourou-Man-Daloa 3,792,835
Y3 Bouake Bouake-Boudoukou-Seguela 1,632,371
Y4 Katiola Seguela 428,399

Y5 Ferkessedougou  Odienne-Korhogo-Bamako-Ouagadougou-Niamey 3,267,356

Y6 Ouangolodougou Bamako-Ouagadougou-Niamey 2,305,632

4. Model Results

The problem is solved for different value of p. The evolution of the total trans-
portation cost according to the number of implanted terminal, ranging from one
to six, shows that there is a minimum for a number of terminal equal to three.

When the optimal locations of one (01) intermodal terminal among the six
(06) potential locations , the objective function is minimized in the case of a
terminal located in Abgoville Y, (Appendix 2).

When two terminals (02) are determined, the minimization of the objective
function is obtained when a terminal Abgoville Y,and the second at Ferkesse-
dougou Y, (Appendix 3).

When three (03) terminals are determined, the minimization of the objective
function is obtained when a terminal Abgoville Y, Bouake Y, and at Ferkesse-
dougou Y, (Appendix 4).

Then three additional configurations, at four, five and six terminals, were stu-
died. The total costs in those configurations are greater than the third configura-
tion result (Appendices 5-7).

When p varies between one and three (Table 4) the total cost decreases as the
number of terminals increases (0.3914773E+09 to 0.3542181E+09). The total lo-

gistic cost cannot be reduced by adding another terminal.
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Table 4. Terminal located summary.

Number
of terminal Name of Terminal Located Terminal ID Total Logistic Cost
to be Located
P=1 Agboville Y, 0.3914773E+09
P=2 Agboville and Ferkessedogou Y, -Y; 0.3910420E+09
P=3 Abgoville-Bouake and Ferkessedougou- Y. -Y,-Y; 0.3542181E+09
P=4 Abgoville-Bouake-Katioala and Ferkessedougou Y -Y;-Y,-Y; 0.3988296E+09
P=5 Agboville-Dimbokro-Bouake-Katiola-Ferkessedougou Y, -Y,-Ys-Y, - Y, 0.3988296E+09
P=6 Agboville-Dimbokro-Bouake-Katiola-Ferkessedougou-Ouangolodougou Y, -Y,-Y;-Y, - Y, - Y, 0.3988296E+09

5. Conclusions

This paper focused on providing a methodology for determining the optimal lo-
cations for intermodal freight transportation terminals in consolidation net-
work. Our goal is to minimize total costs in order to increase the efficiency of the
transportation system.

Among the different types of intermodal transport, our application focuses on
the location of container terminals in the framework of combined rail-road
transport.

Our research focusses on the design of intermodal transport network in West
Africa based on the hinterland of Abidjan port in Cote d’Ivoire. Therefore, a
model has been formulated to find optimal locations for rail-road terminals. The
results shows that three (03) terminal should to be located.

In this study, only import freight was used in the model and it was considered
that the same approach could be used for analysis of export and import flow and
other type of cargo. The subject area for optimal evaluation for forward and re-
serve logistics of the flows is left as an area for further study.

As concept, intermodality involves internalization of transport related exter-
nalities. Due to the difficulty in finding data on transport related pollution, the

environmental parameters were also not included in our quantitative analysis.
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Appendix 1: Lingo Model for Terminal Location

SETS:
TERMINAL/1..6/:Y;
ORIGIN/1/;
DESTINATION/1..17/:A;
MODE/1,2/;
LINKSI (ORIGIN, TERMINAL, MODE):X1;
LINKS2 (TERMINAL, DESTINATION, MODE):X2;
LINKS3(ORIGIN,TERMINAL):D1;
LINKS4(TERMINAL,DESTINATION):D2;
ENDSETS
THE OBJECTIVE FUNCTION;
MIN=TOTALCOST;
@SUM(ORIGIN(O):@SUM(TERMINAL(1):@SUM(MODE(R):D1(O,I)*
X1(O,LR))))+
@SUM(TERMINAL(i):@SUM(DESTINATION(j):@SUM(MODE(R):D2(i,j)*
X2(L],R))))s
CONSTRAINTS;
@FOR(ORIGIN(O):@FOR(TERMINAL(1):@FOR(MODE(r):x1(O,I,R)<=M*Y
)))5
@FOR(TERMINAL(i):@FOR(DESTINATION(]):@FOR(MODE(R):X2(1,],R)
<=M*Y(D))));
@SUM(TERMINAL():Y(I))=P;
@FOR(DSTINATION(j):@SUM(MODE(R):@SUM(TERMINAL(I):x2(L],R)))
=A(]));
@FOR(TERMINAL(I):@FOR(DESTINATION(j):@FOR(MODE(R):X2(L],R)
>=0)));
@FOR(ORIGIN(O):@FOR(TERMINAL(I):@FOR(MODE(R):x1(0,1,R)>=0)))

@FOR(TERMINAL(I):Y(I)>=0);
@FOR(TERMINAL(I):@BIN(Y(I)));
DATA

Appendix 2: Lingo Results for Determining One (01)
Terminal

Global optimal solution found.
Objective value: 0.3914773E+09
Objective bound: 0.3914773E+09
Infeasibilities: 0.000000
Extended solver steps: 0

Total solver iterations: 16

Variable Value Reduced Cost
Y (1) 1.000000 0.000000
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Appendix 3: Lingo Results for Determining Two (02)
Terminals

LINGO RESULTS FOR DETERMINING TWO (02) TERMINAL
Global optimal solution found.
Objective value: 0.3910420E+09
Objective bound: 0.3910420E+09
Infeasibilities: 0.000000
Extended solver steps: 3

Total solver iterations: 125

Variable Value Reduced Cost
Y (1) 1.000000 0.000000
Y (5) 1.000000 0.000000

Appendix 4: Lingo Results for Determining Three (03)
Terminals

LINGO RESULTS FOR DETERMINING TREE (03) TERMINALS
Global optimal solution found.
Objective value: 0.3542181E+09
Objective bound: 0.3542181E+09
Infeasibilities: 0.000000
Extended solver steps: 3

Total solver iterations: 93

Variable Value Reduced Cost
Y (1) 1.000000 0.000000
Y (2) 1.000000 0.000000
Y (4) 1.000000 0.000000

Appendix 5: Lingo Results for Determining Four (04)
Terminals

Global optimal solution found.
Objective value: 0.3988296E+09
Objective bound: 0.3988296E+09
Infeasibilities: 0.9093393E-11
Extended solver steps: 2
Total solver iterations: 72

Variable Value Reduced Cost
Y (1) 1.000000 0.000000
Y (3) 1.000000 0.000000
Y (4) 1.000000 0.000000
Y (5) 1.000000 0.000000

Appendix 6: Lingo Results for Determining Five (05)
Terminals

Global optimal solution found.
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Objective value: 0.3988296E+09
Objective bound: 0.2868296E+09
Infeasibilities: 0.000000
Extended solver steps: 0

Total solver iterations: 51

Variable Value

Y (1) 1.000000
Y (2) 1.000000
Y (3) 1.000000
Y (4) 1.000000
Y (5) 1.000000

Reduced Cost
0.000000
0.000000
0.000000
0.000000
0.000000

Appendix 7: Lingo Results for Determining Six (06)

Terminals

Global optimal solution found.
Objective value: 0.3988296E+09
Objective bound: 0.2868296E+09
Infeasibilities: 0.000000
Extended solver steps: 0

Total solver iterations: 0

Variable Value Reduced Cost
Y (1) 1.000000 0.000000
Y (2) 1.000000 0.000000
Y (3) 1.000000 0.000000
Y (4) 1.000000 0.000000
Y (5) 1.000000 0.000000
Y (6) 1.000000 0.000000
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