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Freight transportation has an essential role in connecting supply and demand that are spread
geographically, which impacts the region’s economic. In an archipelagic country like,
Indonesia, freight transportation ideally involves more than one mode or multimodal
transport. Currently, the development of transportation infrastructure networks is not yet
integrated and lacks a multimodal perspective. Meanwhile, many stakeholders or actors
involved in the freight transport sector also increase the complexity of multimodal network
planning. From the government perspective, each transportation sub-sectors, primarily
based on the mode, has its planning and lacks integration, particularly in multimodal
transport. This paper proposes the integrated strategic planning model of a multimodal
freight transport network. It emphasizes how to attain the optimum benefit which
represents the efficient value in the freight transport system. The model’s objective is to
minimize the total distribution cost of the whole system by using the budget limitation of
the transportation infrastructure’s total investment, operational and maintenance cost. The
budget limitation constraint indeed represents the role of the government to arrange the
budget for the transportation sub-sector. The results showed that this model can select the
best scenario of infrastructure development from the perspective of multimodal transport
rather than unimodal. The proposed model can be used to integrate the planning of the
transportation sub-sectors and, at the same time, develop more optimum multimodal
transportation system.

1. INTRODUCTION

Freight transportation has a vital role in the supply chain.
Freight transportation connecting supply-based regions and
demand-based regions ensures the availability of raw materials
and finished products on time geographically [1].

For example, Indonesia’s freight transportation network in
archipelago countries will involve more than one mode, thus
using multimodal transport. Multimodal transport consists of
long-haul transportation that uses sea, rail, air transportation,
pre-haul and post-haul using land transportation or functions
as inland transport (transportation to the hinterland)
SteadieSeifi et al. [2]. Therefore, treating the freight transport
network as a multimodal transport network is essential.

Multimodal transport has the potential to provide better
overall efficiency, such as economic and performance aspects,
as well as lower environmental and social impacts. However,
the practical evaluation of such externalities would allow a
more realistic estimation of the total costs of transport, thus
increasing the opportunities of multimodal transport in terms
of competition with all road transport [3]. Multimodal
transport will be more competitive when it can reduce total
logistics costs and provide competitive transit times, prices
and performance.

The freight transport network model helps support policy
design at the strategic planning level. As a result, multimodal
freight transportation gets more attention at the strategic
planning level. American and European Countries have

improved multimodal freight transportation network design
related to strategic planning and policies, while Asian
countries have lagged [4].

Strategic planning problems relate to investment decisions
on the present infrastructure networks [2]. However, the lack
of freight transport from the multimodal perspective can be
used as a policy tool to integrate freight transport development
[5]. Many stakeholders or actors involved in the freight
transport sector also increase the complexity of multimodal
network planning.

Meanwhile, the strategic planning level in the multimodal
perspective will give insight to the various stakeholders of
freight transport. For example, the government or policymaker,
operator transportation, or transport companies can get insight
into policy measure analysis, capacity infrastructure, transport
planning and social context related to environmental issues [6].

From the governmental perspective, a freight transport
model is used for decision-making in transportation policies
such as changes to national regulations, taxes, or infrastructure
investment in particular links, nodes and corridors,
construction of new roads, railways, canals, ports, multimodal
terminals. etc.), traffic management and policies related to
pricing, such as road pricing, charges on rail infrastructure,
emission-free zones, etc. [7]. However, Kramarz et al. [8]
found that the policymaker and other stakeholders determine
transport development. Therefore, each of them has its
respective purpose.
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The freight transport network consists of sea, road, rail and
air. Ideally, the transport network should integrate the
infrastructure, regulation and institutions, including budgeting
schemes and financing [9]. For some countries, for example,
Indonesia, their freight transport systems still need significant
development and political will as the freight transport
infrastructure planning is still lacked integration. As of the
government side, currently each transport sector has its own
planning, including budget planning. It needs the integrated
infrastructure planning, namely the integrated planning with a
multimodal perspective. It does not just consider unimodal but
multimodal as a whole system. Accordingly, in term of budget,
the national transportation budget should be allocated to each
sector also in the context of multimodal system, i.e., a total
multimodal network system, not partially per sector.

This paper addresses a strategic freight transport planning
model that focuses on the integration of transport sectors under
multimodal perspective. This paper contributes an innovative
integrated planning framework applied to the freight transport
network model. The objective of the model is minimizing the
total distribution cost of the system and maximizing the benefit
that represent with efficiency value, while consider the budget
limitations. This paper also provides the tools to support the
decision-making process on the infrastructure development
through some scenarios defined by the government. One of the
scenarios may prioritize the development of rail mode over
other modes. Globally, the development of rail mode needs
intervention to support their share due to its advantage in term
of sustainable. It is relevant to the notions that rail mode needs
strategies to improve and can compete with the other modes
[10].

The remainder of the paper is organized as follows: Section
2 presents comprehensive review of the state of the relevant
literature; in Section 3 formulations of integrated multimodal
freight network design model and components in details
including the building of network representation is mentioned.
In Section 4, the results from analysis using simple network is
given, and finally, in Section 5, conclusion along with the
potential future research is mentioned.

2. LITERATURE REVIEW

The model of transport development initially adopts a
unimodal approach. Consequently, road and rail construction
projects are planned and built separately without considering
the future possibility of integration. The multimodal planning
then becomes important to consider planning freight transport
development.

Based on the time horizon, the planning issues are often
characterized by strategic, tactical and operational planning.
The most recent review of multimodal planning by
SteadieSeifi et al. [2] showed that strategic planning problems
are related to decisions about the investment in the present
network infrastructures. Mostly, the research about strategic
planning related to consolidation systems configured as hub-
and-spoke networks. These problems are called hub location
problems, with the hub being a freight handling (consolidation)
facility. Locations of hubs are determined, and spoke nodes
are allocated to the hubs. Meanwhile, according to reference
[11], the strategic level also means that the research applied to
a national scale and did not consider the logistic aspect at the
company level and multiple levels such as the logistic level.
Regarding the latter, it is essential to underline that an

intermodal node’s function should be interpreted on several
territorial scales [12]. Based on that, the analysis of this
research can be described at a national or regional.

Currently, many types of research have been carried out and
have produced various policies to improve the implementation
of freight transport [13]. Zhang et al. [14] introduced model
that accounts for the interaction between the infrastructure
network, service network and regulatory policies that were
considered from the governmental perspective and could be
used for strategic network design in the mediumto long-term
introduced. While Chang [15] showed that network planning
involves multi-criteria decision-making to minimize costs,
time and carbon emissions as well as increase service levels
and utilization. Moreover, Yamada et al. [16] introduced a
model for strategic transport planning, particularly in freight
terminal development and interregional freight transport
network, for minimizing the network costs from the
governmental perspective and the route costs from the network
users’ perspective. Further, a model that evaluates several
policy scenarios by estimating the system cost of the
transportation network was proposed by Sjafruddin et al. [17].
Related to the cost of multimodal freight transport, Beuthe et
al. [18] simulated freight flows in a real network as an impact
of internalizing external cost. Geerts et al. [19] developed
extended freight transport model to analyse the impact of
several scenario modifying the infrastructure network,
internalizing external cost and extra operating time. Then the
model improved by Limbourg and Jourquin [20] developed a
hub allocation model for optimal locations with a certain
number of hubs and candidate locations. Jonkeren et al. [21]
also applied this model to estimate the impact of the market
share of inland waterway transport in Europe as the impact of
climate change. In comparison, the extension of this model
addresses the importance of integrating service networks [22].
Bilegan et al. [23] studied the service network in tactical
planning that considers revenue management with the various
combinations of customer categories, fare classes and
decision-making policies.

3. METHODS

3.1 The planning process of freight transportation
infrastructure

As the aim of this study, our proposed strategic planning
model focuses on the integration of transport sectors under a
multimodal perspective. The model’s objective is to minimize
the total distribution cost of the system and maximize the
efficiency value while considering the budget limitations. On
the contrary, from a unimodal perspective, each transportation
sector has its planning and budget allocation. Each sector or
mode of transportation conducts system optimization and
development of its plans, so each sector’s optimal
development and budget allocation lack dependency on the
other sectors. The iterations to fit the total national budget for
the development of all sectors are often resulted in an
inefficient planning process. Therefore, it is necessary to
review the planning and optimize the network system to obtain
the optimal strategy and new budget allocation. The planning
process under unimodal perspective can be seen in Figure 1.

This research proposes a model that can optimize
multimodal transportation networks where the development
plan and budget allocation for each sector are obtained using a



multimodal transportation network. Similarly, this model also
considers the total national budget. However, the multimodal
optimization approach may avoid inefficient iterative budget

allocation. This model is expected to produce better efficiency
in the planning process. The planning process can be seen in
Figure 2.
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Figure 1. Transportation infrastructure planning process in the unimodal perspective
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Figure 2. Transportation infrastructure planning process in the multimodal perspective under budget limitation

3.2 Research framework

Based on the planning process, the research framework can
be described as follows. The research begins with a literature
study to find out the related strategic planning and
optimization freight transport network. Then, identify the
variables for input in the model such as network characteristic,
origin and destination data. Then, build a multimodal freight
transport network model to perform the optimization of the
multimodal freight transport network wusing a genetic
algorithm. Bi-level programming is using with the upper level
constrained by the results of the lower level. The goal at the
lower level is to minimize costs (minimize generalized
transport costs), while at the upper level it is to maximize

benefits, along with the various development scenarios, the
framework can be seen in full in Figure 3.

In the scenario selection, the objective is optimization to get
the minimum total distribution cost of system, considering the
investment, operational, maintenance (IOM).

3.3 Multimodal freight network design model

This study determines the optimal combination of several
development on links (such as road and rails) to reduce travel
time and also on nodes (such as ports and rail terminals) to
reduce transshipment costs and transfer time on multimodal
connections. The combination of development using the
optimistic, moderate and pessimistic scenarios.
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Figure 3. Research framework

As the basis of a transportation network model, the graph

model mainly consists of nodes connected by a set of links [24].

Graph G represents G(NV,L), Nis a set of nodes and L represents
a link. Nodes in the transportation network comprise centroid
nodes that represent the beginning or end of the trips. Node is
also represented terminal, e.g., port, rail terminal or dry port.
While the link connects nodes. Links have several network
attributes such as distances, link cost ($/km), transshipment
cost ($/ton), transshipment time (hour), the value of time ($/
hour), the value of reliability ($/hour) and freight flow on the
respective link (ton).

Costs that consider monetary cost elements and non-
monetary cost elements of a journey or externalities cost are
called generalized transport costs [25]. The non-monetary cost
that important to be considered and has significant impact in
terms of total generalized transport cost are value of time and
value of reliability. value of time is the monetary value that the
decision-maker (shipper/freight forwarder) is willing to pay
(willingness to pay) to reduce transportation time to move
goods from origin to destination [26, 27]. Meanwhile, the
value of reliability is the monetary value that the decision-
maker (shipper/freight forwarder) is willing to pay
(willingness to pay) to reduce travel time variability to move
goods from origin to destination [28].

Between an origin and the destination exists one or more
link that connect both nodes. The collection of these links is
called path-k. Paths are sequences of links that allow
commodities travel from a given origin to a given destination.
Each path is associated with one and only one origin and
destination (OD) pair. More than one path might exist that
connects one OD pair. As the path definition, a route is a
collection of links and nodes between an OD pair. In this
research, both terms are used interchangeably as a synonym.
The proposed model incorporates traffic and freight flow on
the transport network. Therefore, the model can be used for the
strategic level of multimodal freight transport planning,
particularly in freight transport network design. The network
model is multimodal transport super network that represents
and allows transport modes choice and routes assignment
simultaneously [29]. This network combines several unimodal
networks into a single integrated multimodal network. The

different modes are connected through the transshipment link
that represents the possibilities of modal change, at which each
link has a unique attribute that describes the function of the
link.

3.4 Network representation

Building a transport super network means adding transfer
links between modes at specific multimodal terminals, e.g.,
port or rail terminal. The several unimodal unite with the
transfer link into a multimodal network. The mode choice
becomes part of the route choice model. The multi-
dimensional travel choice situation is transformed into the
one-dimensional choice situation of alternative routes within
the network-transshipment link proposed by Tavasszy [30],
with value of cost and delay as the attribute. Guelat et al. [31]
represent a more certain transfer link by adding more links in
the multimodal terminal. Detailed representation of
transshipment link is also proposed by Southworth and
Peterson [32]. It differentiated terminal access link and
transfer link in the multimodal terminal. The several terminal
representations are shown in Figure 4.
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Figure 4. Terminal representation (source: reference [33])

Freight network representation is described in Figure 5.
Each link has a unique attribute and several transhipment links
(as dummy links) are added on multimodal terminal.
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Denoting k as the path in the network connecting the origin-
destination pair r-s, and O-D pair belong to the set Q, then
i Scan be defined as the flow on path k connecting r-s. wy is

flow of goods on link a, while u, is the capacity or upper limit
of link a:

W, = ZZS:ZK: fkrs e:Sk

YaeA, )

where:

« _ |Lif path k connecting OD r —s using link a
ak 7 0, otherwise
> w, <u, VaeA

acA

Demand associated with OD pair r-s is presented with grs.
The flow conservation and nonnegative path flow constraints
are as follows:

O = D, F7VT, 50
k

f5>0

2

Cost on link a is expressed as a generalised cost that
composed of transport cost, time cost and delay cost. Further,
the objective of the formulation is to minimize the total
distribution cost of the system. The formulation can be
described as follow:

Min Cost=C1 + C2 + C3

CL- T {(Rxd,xw)+(Hom)xa,

acA

C2= Z{VOTa (3— +Ta]}xa)a )

acA a

C3= Z{VORa ($X(1+ ea)j}xa)a (5)

acA Va

where, C1 = cost related to transport cost of all links ($); C2 =
cost related to time cost of all links ($); C3 = cost related to
delay cost or reliability of all links ($); P, = unit cost of link a
($/t/km); W, = flow of commodity at link a(t); d, = distance of
link a (km); v, = speed at link a (km/hour); VOT, = value of
time at link a ($/hour); 7, = transshipment time (time at
terminal) at link a (hour); VOR, = value of reliability at link
($/hour); e, = reliability at link a, describe average percentage
of delayed (percentage); H, = handling cost at terminal on link
a ($/t); we = 1, if the commodity using link a, and 0 otherwise.

Multimodal freight transport is mainly related to
consolidation which a multimodal terminal has a role as a hub
in the hub and spoke network. The consolidation allows cost
efficiency due to the economy of scale [12]. However, this
research did not consider the economics of scale in the hub
node.

The selection of the best scenario relies on the Benefit-that
represents efficient value and the maximum budget of IOM
cost. The efficient value can be used as a parameter to assess
the effective combination of development compared to initial
conditions. The efficient value analysis was accounted for by
considering the difference ratio between the total distribution
cost without development and with development and the IOM
cost. The selection also considers the maximum IOM budget.
The efficient value calculation was adopted from [33] shown
below:

G, —[ZCaxayaJ

max z(y) = ach (6)
b, Y,
Constrains:

Z:baya <o,VaeA

aeA

where, Z (y) = benefit-efficient value; GO = total distribution
cost system for all links without development for all links
($/ton); ¢, = total unit cost of link-a ($/ton); x, = flows on link-
a (ton); y, = action implementation indicator (1 = if the
development related to link a is implemented and 0 otherwise);
b, = investment, operation and maintenance (IOM) cost on
link-a ($).



3.5 Solution approach

The model used a bi-level approach and was solved with the
Genetic Algorithm technique: An integrated freight transport
network was built and equipped by origin-destination (OD)
demand and attributes for each Ilink; The lower-level
optimization was performed by executing a route choice set
generation to generate several alternative least-cost routes;
Freight assignment and modal split were executed.

The results were freight flow and total transport cost of each
link. The solution of the lower level problem was then used in
the upper-level problem to obtain the cost difference between
the initial condition and improved condition and later for the
efficient value calculation.

Finally, the solution to the upper-level problem was used to
propose the list of development actions. The combination of
development included three targets, namely optimistic,
moderate and pessimist targets.

Furthermore, finding an optimal combination of
development and priority using the random search method
under a limited budget. After the chosen combination was
found and then added to the transport network, then again,
Lower-level optimization of the improved or developed
network was performed, the cost difference between the
existing or initial condition and after development was
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calculated. The efficiency was obtained in addition to the
mode share and the freight volume.

To support the government in prioritizing specific modes of
infrastructure development (i.e., priority on the rail sector), the
proposed model offers two development scenarios. In the first
scenario, the model endogenously searches for the best or
optimal combination of development. In contrast, in the
second scenario, an intervention given on specific
development combinations is set up to the model-exogenously.

4. APPLICATION TO SIMPLE NETWORK

To apply the model, an illustrative example was developed.
It is a small size network with dummy data. The network
consists of four zone centroids with two alternative modes
which are road and rail, and the latter was operated and
planned in multimodal system (with road). Nodes A and B
were node represent origin, while nodes C and D were
destination. Each O-D pair was connected by several possible
paths that consist of several links. Links was represented with
number from 1 to 12. Transshipment link and transshipment
node are dummy components that representing transshipment
cost and time attributes between rail terminal and road, vice
versa, in the multimodal rail system. Each links has cost that
consist of trans-port cost, time cost and delay cost (Figure 6).

Road Link
Rail Link
Road-Rail Terminal Link

""" TranshipmentLink
Centroid

Rail Terminal
®  Transhipment Node

Figure 6. Sample network

Table 1. Network data

Link (I) Node start Nodeend Link category

Link capacity (ton)

Unit cost (S/km) Distance (km)

1 A C Road 200
2 A Stal Road 800
3 Stal N1 Transshipment 1,500
4 N1 Sta 2 Rail 1,500
5 Sta 2 N2 Transshipment 800
6 N2 C Road-station 800
7 Sta 2 N3 Transshipment 300
8 N3 D Road-station 300
9 A D Road 200
10 B Stal Road-station 800
11 B C Road 300
12 B C Road 300

0.538 700
0.538 400
0.000 0

0.269 300
0.000 0

0.385 850
0.000 0

0.385 500
0.538 500
0.538 400
0.538 900
0.538 400




Link (1) Speed VOT VOR Transshipment time Average percentage of delay Transshipment cost

(km/hour)  ($/hour) ($/hour) (hour) (e) $)

1 30 0.346 0.769 0 0.5 0

2 30 0.346 0.769 0 0.5 0

3 0 0.000 0.000 5 0.5 3.846

4 70 0.154 0.385 0 0.8 0

5 0 0.000 0.000 5 0.5 3.846

6 30 0.346 0.769 0 0.5 0

7 0 0.000 0.000 5 0.5 3.846

8 30 0.346 0.769 0 0.5 0

9 30 0.346 0.769 0 0.5 0

10 30 0.346 0.769 0 0.5 0

11 30 0.346 0.769 0 0.5 0

12 30 0.346 0.769 0 0.5 0

The network’s data is described in Table 1. For example,
the link attribute consists of unit cost, link distance, speed, the
value of time, reliability, transshipment time and cost, average
percentage of delayed and the link’s capacity.

The time spending in the terminal consists of loading time,
service time duration, and final unloading [23]. Based on
reference [34], the transshipment time consists of the arrival
time, service start time and departure time at the terminal.
Meanwhile, in this research, the transshipment time represents
the time spent in the terminal, while transfer time is represent
the process before cargo unloading in the terminal.

The commodity volume from each origin and destination is
described in Table 2.

Table 2. Volume from origin to destination

Origin Destination Volume (ton)
A C 500
A D 500
B C 300
B D 900

The development was made in the particular links and nodes,
including unimodal and multimodal links. There was three
target development option: optimistic, moderate and
pessimistic. The development target in the unimodal link
indicates a reduction in road or rail travel time. The
development of multimodal links, e.g., road-rail terminal links,
indicates the reduction in travel time on that link. The
optimistic target denotes travel time decreased by 50%, the
average target decreased by 30%, and the pessimistic target
decreased by 10%. The development at the node, such as the
rail terminal, was to decrease the transshipment time. The
optimistic target denotes the transshipment time decreased by
50%, the moderate target decreased by 30%, and the
pessimistic target decreased by 10%. The total budget
limitation was $770.000. The specific improved links and
nodes are detailed in Table 3. Besides the development options,
the analysis later considers two scenario conditions. It is
conducted by giving intervention or prioritize on a particular
node and link, such as a rail link, by setting the weight on the
optimum target of development on that link or node, so the
optimum target has bigger possibility to chosen as an optimal
development.

Table 3. Investment, operation and maintenance cost of network development

No. Scenario of development 10M cost ($)
1. Development at link 1: travel time on road decreased by 10% (Pessimistic scenario) 53,846
2. Development at link 1: travel time on road decreased by 30% (Moderate scenario) 161,538
3. Development at link 1: travel time on road decreased by 50% (Optimistic scenario) 269,231
4. Development at link 12: travel time on road decreased by 10% (Pessimistic scenario) 30,769,231
5. Development at link 12: travel time on road decreased by 30% (Moderate scenario) 92,307,692
6. Development at link 12: travel time on road decreased by 50% (Optimistic scenario) 153,846,154
7. Development at link 2: travel time on multimodal decreased by 10% (Pessimistic scenario) 30,769,231
8. Development at link 2: travel time on multimodal decreased by 30% (Moderate scenario) 92,307,692
9. Development at link 2: travel time on multimodal decreased by 50% (Optimistic scenario) 153,846,154
10. Development at link 8: travel time on multimodal decreased by 10% (Pessimistic scenario) 38,461,538
11. development at link 8: travel time on multimodal decreased by 30% (Moderate scenario) 115,384,615
12. Development at link 8: travel time on multimodal decreased by 50% (Optimistic scenario) 192,307,692
13. Development at link 4: travel time on rail decreased by 10% (Pessimistic scenario) 32,308
14. Development at link 4: travel time on rail decreased by 30% (Moderate scenario) 96,923
15. Development at link 4: rail travel time on rail decrease by 50% (Optimistic scenario) 161,538
16. Improvement at link 3: transfer time by decreased 10% (Pessimistic scenario) 76,923
17. Improvement at link 3: transfer time decreased by 30% (Moderate scenario) 230,769
18. Improvement at link 3: transfer time decreased by 50% (Optimistic scenario) 384,615
19. Improvement at link 7: transfer time decreased by10% (Pessimistic scenario) 76,923
20. Improvement at link 7: transfer time decreased by 30% (moderate scenario) 230,769
21. Improvement at link 7: transfer time decreased by 50% (Optimistic scenario) 384,615
22. Development at node Sta 1: transshipment time decreased by 10% (Pessimistic scenario) 107,692
23. development at node Sta 1: transshipment time decreased by 30% (Moderate scenario) 323,077
24, Development at node Sta 1: transshipment time decreased by 50% (Optimistic scenario) 538,462
25. Development at node Sta 2: transshipment time decreased by 10% (Pessimistic scenario) 107,692
26. Development at node Sta 2: transshipment time decreased by 30% (Moderate scenario) 323,077
27. Development at node Sta 2: transshipment time decreased by 50% (Optimistic scenario) 538,462




Table 4. Total distribution network cost of system

oD Path Link Mode Volume (ton)  Distribution Cost (million $§)
AC A-C 1 Road 200 75,420
A-stal-N1-sta2-N2-C 2-3-4-5-6 Multimodal (road-rail) 300 228,530
AD A-D 5 Road 200 53,871
A-stal-N1-sta2-N3-D 2-3-4-8 Multimodal (road-rail) 300 171,974
B-C B-C 9 Road 300 145,430
B-D B-D 8 Road 300 64,635
B-stal-N1-sta2-N3-D 10-3-4-7-8 Multimodal (road-rail) 500 286,590
Total distribution cost of system 1,026,450
Table 5. Genetic algorithms result for 20 running
No run Total distribution cost of system I0M cost ($)  Efficient value
1 1,026,001 563,022 0.00113
2 1,026,407 624,509 0.00016
3 1,026,402 616,773 0.00023
4 1,025,999 363,012 0.00184
5 1,024,321 746,092 0.00356
6 1,026,416 558,376 0.00013
7 1,026,404 447,570 0.00027
8 1,026,014 384,579 0.00174
9 1,025,146 722,957 0.00296
10 1,025,158 538,397 0.00314
11 1,026,010 684,558 0.00225
12 1,026,005 723,022 0.00098
13 1,025,178 461,529 0.00292
14 1,024,321 693,812 0.00344
15 1,025,998 509,145 0.00150
16 1,025,994 586,045 0.00138
17 1,025,999 693,775 0.00103
18 1,026,009 689,185 0.00110
19 1,025,160 584,560 0.00298
20 1,026,012 499,952 0.00162
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Figure 7. Comparison between the total distribution cost of system, total investment and efficient value

Network assignment and selection of the best development
were carried out, and the result found that the total distribution
network cost of system without development was $1,026,450
(Table 4). Due to the link capacity constraint, the assignment
network with capacitated link and the distribution cost is
shown in Table 4.

The genetic algorithm analysed the best scenario under the
budget limitation. The genetic algorithm is the heuristic
method; hence there is no exact result. This research used an
N population of 30, while the maximum generation is 50-the
running the algorithm for 20 runs. The result is revealed.

From the twenty running (Table 5 and Figure 4), the best
developments were selected. It is the option with the

maximum efficient value (i.e., 0.00356) and the relatively high
investment (i.e., $746.092). The total distribution cost of
system was $1,024,321. The differences between the total
distribution cost of system without development and after
development was $2,129 or 0.21% (Table 7).

The best development was in the optimistic target. The
development will be done at link 12 where the travel time on
road decreased by 50%. The node development will be done
at node Sta 1 (rail terminal) also in the optimistic target, i.e.,
to decrease transshipment time by 50%. Moreover, pessimistic
target will be done at link 1 to reduce travel time on road by
10% (Table 6).



Table 6. Best developments

No. Best developments IOM cost ($)
1 Development at link 1: travel time on road decreased by 10% (Pessimistic scenario) 53,846
2 Development at link 12: travel time on road decreased by 50% (Optimistic scenario) 153,846
3 Development at node Sta 1: transhipment time decreased by 50% (Optimistic scenario) 538,462
Total cost of investment 746,154

Table 7. Cost differences between total distribution cost of system without and after developments

oD Path Link Mode Vol (ton) Total distribution cost of system ($)
Without development After development
A-C A-C 1 Road 200 75,420 75,416
A-stal-N1sta2-N2-C 2-3-4-5-6 Multimodal (road-rail) 300 228,530 227,953
A-D A-D 5 Road 200 53,871 53,871
A-stal-N1sta2-N3-D  2-3-4-8 Multimodal (road-rail) 300 171,974 171,397
B-C B-C 9 Road 300 145,430 145,430
B-D B-D 8 Road 300 64,635 64,625
B-stal-N1sta2-N3-D 10-3-4-7-8 Multimodal (road-rail) 500 286,590 285,628
Total distribution cost 1,026,450 1,024,321
Table 8. Best development with intervention on rail link
No. Best developments (intervention on rail link) IOM cost ($)
1 Development at link 2: travel time on multimodal decreased by 50% (Optimistic scenario) 153,846
2 Development at link 4: travel time on rail decreased by 50% (Optimistic scenario) 161,538
3 Development at link 7: transfer time decreased by 10% (Pessimistic scenario) 76,923
4 Development at node Sta 1: transhipment time decreased by 30% (Moderate scenario) 323,077
Total cost of investment 715,385

Table 9. Cost differences between existing total distribution cost and total distribution cost after developments of intervention on

rail link

Total distribution cost of system ($)

oD Path Link Mode Volume (ton) Without improvement After development
A-C 1 Road 200 75,420 75,419

A-C  A-stal-N1sta2-N2-C 2-3-4-5-6  Multimodal (road-rail) 300 228,530 228,172
A-D 5 Road 200 53,871 53,871

A-D A-stal-N1sta2-N3-D 2-3-4-8 Multimodal (road-rail) 300 171,974 171,616

B-C B-C 9 Road 300 145,430 145,429
B-D 8 Road 300 64,635 64,635

B-D B-stal-N1-sta2-N3-D  10-3-4-7-8  Multimodal (road-rail) 500 286,590 286,010

Total distribution cost 1,026,450 1,025,155

Table 10. Comparison of the total distribution cost of various scenarios of development

Total distribution cost of

Total distribution cost after development

oD Path Link Mode Volume system without . . ©) .
(ton) development () Best scenario (optimum  Intervention on
using GA) rail link
A-E 1 Road 200 75,420 75,416 75,419
A-E A-stal-N1- 2-3-4- Multimodal 300 228,530 227,953 228,172
sta2-N2-E 5-6 rail
A-F 5 Road 200 53,871 53,871 53,871
g ASELNISZNG 5 34 M“'t'm;?la)' (road- 399 171,974 171,397 171,616
B-E B-E 9 Road 300 145,430 145,430 145,429
B-F 8 Road 300 64,635 64,625 64,635
B-F B-stal-N1- 10-3- Multimodal 500 286,590 285,628 286,010
sta2-N3-F 4-7-8 (road-rail)
Total distribution cost 1,026,450 1,024,321 1,025,155
Efficient value 0.00356 0.002
Total IOM cost 746,152 715,385
% differences with initial total distribution 0.21 0.12

Furthermore, further development was done with the
scenario to interfere the rail link. It is done to predict the effect
of giving priority on rail development to the system. Link 8

was chosen to be developed with the optimistic target. The
result indicated that with the IOM cost was $715,385 (Table
8), the total distribution cost of system became $1,025,155,



and the efficient value became 0.002. While the difference
with the existing distribution cost was $1,295 or 0.12% as
shown in Table 9.

Application of optimization model using GA efficiently
selected the best developments. The results showed the best
selection development had the highest benefit and the least
distribution of the cost of the system, especially compared
with the scenario development with intervention on the rail
link. The intervention means prioritizing the development of
the rail link by setting the weight on the optimum target of
development on that link or node, so the optimum target has
bigger possibility to chosen as an optimal development with
travel time on the rail link decreased by 50%. The comparison
result is shown in Table 10.

The model showed the efficiency in selecting the best
development, especially considering the budget limitation.
The conclusion drawn from the analysis is that giving priority
to development on the link or node (e.g., rail link) was not
given the best result. The best result found that development
based on the multimodal perspectives using GA gives the best
result in terms of efficient value and total distribution cost of
the system.

5. CONCLUSION

This research is aimed to integrate the freight transport
planning of multimodal transport under budget limitations on
investment, operation and maintenance. The result unveiled
that this model can potentially give the insight to select the
best scenario of infrastructure development from the
perspective of multimodal transport rather than unimodal to
find the minimum distribution cost of the multimodal system.
This model can produce an optimal combination of modes and
the respective volumes of transportation of freight distribution
system in a multimodal framework with minimum distribution
cost based on the available IOM cost. This model can also find
the optimal development under consideration of priority on
certain modes by set up certain combination of development
on the model-exogenously. The proposed model also may
avoid the inefficient process of the unimodal iterative budget
planning process. The proposed model can be used to integrate
the planning of the transportation sub-sectors and, at the same
time, develop more optimal multimodal transportation.

Further research is applying the proposed model to the
entire network to test the robustness of the model. The research
related to the development target at the link or node and the
requirement for IOM costs also can be a potential topic.
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