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Comparative analysis of a single and multi-criteria container transport

modes in Peninsular Malaysia

This study investigates the transport of containers via intermodal transport network of Peninsular
Malaysia by comparatively analyzing the use of trucks, trains and ships with respect to time, CO;
emission and cost. The study is aimed at proposing the best route/mode of container transport in
Peninsular Malaysia. ArcMap and MATLAB were employed to identify the single-objective
route/modal choices. The multi-criteria route/modal choices were achieved by integrating the Simple
Multi-Attribute Rating Technique (SMART) and sensitivity analysis. The single-objective results
indicated that the use of trucks on road was the fastest mode of container transport. However, the
combination of ship and train was the most environmental-friendly for Case 1, while transport by ship
generated the least CO, emission for Case 2. Train was found to be the cheapest mode of container
transport, followed by ship and truck. It can be inferred from the multi-criteria analysis that container

transport via rail is the ideal and least-cost route and mode of transport.
Keywords: container transport; single-objective; multi-criteria; optimum route; intermodal network

1. Introduction

In the last six decades, the invention of containerisation has propelled logistics and
transportation onto a new stage (Lam and Gu, 2016). Standardization, a key concept of
containerization, facilitates the ease of handling materials along the whole transport chain. This
ensures the effective and efficient movement of containers from origin to destination by
different transport means (vessel, train, truck) without the need for reorganizing/re-handling of
the content within (Lee and Song, 2017). Studies have revealed the contribution of expansion
in global trade and manufacturing industries to the growth in global container shipments. On a
global scale, containerized cargoes grew at an annual average rate of 7.6% over the period of
2005 through 2015 (UNESCAP, 2007). The international trade of Malaysia has significantly
increased as indicated by an average growth rate of 9.6% during the period 1993 to 2013 (DSM,
2015). This reflected a remarkable increase in container trade from 900,000 TEUs (the twenty-
foot equivalent unit) in 1990 to 20.8 million TEUs in 2013 (Chen et al., 2016). This is expected

to increase further to 36.6 million TEUs by 2020 (Nasir, 2014). It was reported that about 45%
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of the container volumes are local containers entering the Malaysian hinterland (Nasir, 2014).
However, the associated increase in container movement is encumbered by some challenges
such as increase in road congestion, fuel consumption, Greenhouse gas (GHG) production and
noise pollution, etc. GHGs, mainly carbon dioxide (CO>), methane (CHs), nitrous oxide (N20)
and ozone (Oz), are the most studied negative externality of freight transportation (Demir et
al., 2019). COz is the most widespread pollutant that aggravates global warming (Oh and Chua,
2010), (Gajanand and Narendran, 2013), and is majorly produced by transportation sector (Ong
etal., 2012), (Bergqvist et al., 2015).

Multi-criteria Decision Analysis, usually abbreviated as MCDA, is an analytical tool that
evaluates many criteria for making complex decisions with the aim of selecting the best option
among alternatives. It is widely being used in different fields of transportation studies such as
evaluation of policy measures in passenger transport, strategic decisions, technologies,
locations, and infrastructure projects (Macharis et al. 2009). Basically, making decision using
MCDA approaches improves the satisfaction with the decision process, elevates the quality of
the decision, and enhances the productivity of decision-makers (Barfod and Leleur, 2014).
According to MOTOS (2007), the main strengths of MCDA include solving most measurement
problems, addressing equity concerns, and facilitating the participation of decision makers in
the decision making process. Nonetheless, it has some weaknesses, which include time and
resource intensiveness, difficulty in obtaining criteria weights, and inability to provide absolute
measure of goodness since it is a comparative evaluation tool. The two main categories of
MCDA methods are Multi-Attribute Decision Making (MADM) and Multi-Objective Decision
Making (MODM). However, Simple Multi Attribute Rating Technique (SMART), Analytic
Hierarchy Process (AHP), and Ratio Estimation in Magnitudes or deci-Bells to Rate
Alternatives which are Non-DominaTed (REMBRANDT) are three main MCDA methods

used in transport decision making (Barfod and Leleur, 2014). Meanwhile, other MCDA



methods used in transport studies include Analytic Network Process (ANP) (Hamurcu and
Eren, 2019), Preference Ranking Organization Method for Enrichment Evaluation
(PROMETHEE) (Stoilova, 2018), Technique for Order Preference by Similarity Ideal Solution
(TOPSIS), ELECTRE (Sawadogo and Anciaux, 2010), etc.

In terms of analysis, MCDA techniques include prescriptive and past decision evaluations.
Prescriptive analysis comprises multi criteria scoring that can be separated by following a set
of alternatives. The SMART and AHP are broadly applied to solve problems with finite sets of
alternatives, while Multi-Objective Linear Programming (MOLP) is commonly used for large
sets of alternatives (Monprapussorn, et al. 2009). SMART, which defines the problem by
hierarchical structure similar to AHP, focuses on the structure of multi-criteria respectively
multi-attribute alternatives. It enables evaluation of alternatives in terms of the lowest criterion
based on the measurement and subsequent standardization of the evaluation (Baron and Barrett
in Pechanec, 2013). SMART can be applied not only to transportation and logistics problems,
but also in manufacturing, construction, military, and environmental studies.

Several studies have been carried out on decision support system for intermodal networks
analyses. Laurent et al. (2019) proposed a multi-criteria approach and a web-based decision
support system named as Carbon RoadMap, which can be used for decision making as regards
multimodal transport planning, taking into consideration objectives such as transportation
delay, costs, and carbon emissions. Rudi et al. (2017) presented a decision support system
based on capacitated multi-commodity network flow model that addresses route and carrier
choice in transport service design and potentials of emission reduction. Their proposed model
considered transport and transhipment processes plus in-transit inventory costs and carbon
emissions. The analysis indicated that implementing intermodal transport instead of single
mode in long-haul freight transportation is highly beneficial in sustainable freights movement.

Furthermore, considering multi-criteria decision support in intermodal freight transport



planning is effective when emission reduction is of great importance. Macharis et al. (2015)
compared unimodal road transport of containers with intermodal transport within Belgium by
developing a decision support system that implements MCDA-GIS combination. Kumru and
Kumru (2014) investigated the most suitable means of transportation between two locations in
Turkey using MCDM method, taking into consideration objective functions such as cost, speed,
safety, accessibility, reliability, environmental friendliness, and flexibility. They concluded
that freight transportation using the railway mode was the best among other alternatives.
Truck, train, and ship are transport vehicles often used for movement of containers, with each
having distinct benefits and constraints in terms of time of delivery, economic and
environmental matters. The concept of sustainable development in transportation sector has
become one of the most influential parameter for policy makers recently (Anderson et al.,
2005). In other words, sustainable freight transportation is requisite for timely, cost-efficient
and environmental-friendly container movement. Rudi et al. (2017) highlighted that cost and
time of transport, and Greenhouse Gas (GHG) emission are the main criteria to be considered
in the design of intermodal transport networks. Hence, this paper is aimed at comparing the
results of least-path, road-based, railroad-based, and waterway-based optimum routes in terms
of transport time, produced emission and transport cost. Furthermore, the study would propose
the best route/mode of transport among the alternatives through integration of SMART
approach and sensitivity analysis. For the analyses, two case studies were investigated. The
origin and destination points for Case 1 are Johor Port located in south of Peninsular Malaysia,
and Padang Besar in the northern part of the transport network, respectively. In Case 2, Johor
Port and Port Klang are considered the origin and destination points, respectively. The exact
location of origin-destination pairs in the transport network are illustrated in Figure 1.

2. Methodology

2.1 single-objective decision making



The transport network of Peninsular Malaysia (Figure 1), which is constructed by using
ArcMap, includes ports, intermodal terminals, highways, federal roads, railroads, and

waterways. Highways have a speed limit of 110 Km/h, while that of federal-roads is 90 Km/h.

The equations for time, emission, and cost criteria are presented in Equations 1, 2, and 3,
respectively. Transport time was calculated based on the length and speed limit assigned to the
links, and modal change time. Transport emission (in kg) is a function of emission factor,
distance, number of containers and weight of loaded container. Transport cost was estimated
base on fuel price, fuel consumption, distance, toll on highway, and modal change cost. The
total value of each criterion for optimum routes is equal to sum of the value of each criterion

in all involved links plus modal change at ports and intermodal terminals where applicable.

1t =3 (%) + £(Tme) 1)

Where Tt = total transport time (h), Td = transport distance (km), Sa = average speed (km/h)

and Tmc = time of modal change (h).

E = Y(Ef X Cw x Nc X Td) + Y.(Emc) (2

Where E, Ef, Cw, Nc, Td, and Emc are total emission (kg), emission factor (kg/ton-km),
container weight (ton), the number of containers, transport distance (km), and emission for
modal change (kg). The emission factor for truck, train and ship was obtained from the
Greenhouse Gas Protocol (Available at: http://www.ghgprotocol.org/) as 0.08869, 0.0285, and
0.02 respectively. GHG emissions are often expressed in carbon dioxide equivalent (CO2e),
which is based on Global Warming Potential (GWP), by multiplying the amount of the GHG
by its GWP. However, in this study, the value of GHG emissions is expressed as CO instead
of CO2e since carbon dioxide was considered as the only emission pollutant and its GWP value

is equal to 1.

TC =Y (((Fp x Fc X Td) + (Wa x Tt) + (Ma x Td)) x (g)) +y (0.25 x Tdh x (%)) + ¥ (Cme) (3)
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Where TC is transport cost (RM), Fp is fuel price (RM/litre), Fc is fuel consumption (litre/km),
Td is transport distance (km), Tdh is transport distance on highway (km), Cmc is cost for
modal change (RM), Wa is wage (RM/h), Tt is transport time (h), Ma is maintenance
(RM/km), Nc is number of containers, and Cv represent capacity of the vehicle (number of

TEUSs). The average toll cost per truck per kilometre was measured as RM 0.25.

The MATLAB software was implemented to design the user-interface and develop the shortest
path algorithm to solve the problem in finding optimal path based on different criteria. The
detailed method of constructing the transport network, algorithm implementation for the
analysis of the network, equations used, and assumptions are reported in our previous
publication (Gohari et al., 2018). The integration of ArcMap and MATLAB provides a new
approach in the analysis of container transport, making it a user-friendly environment for
network analysis. The networks were analysed with different values of influential parameters
for any pair of origin-destination points for unimodal and intermodal networks.

2.2 Multi-criteria decision making

The primary aim of multi-criteria decision making is to propose an ideal route based on
combination of decision criteria. In this study, SMART was integrated with sensitivity analysis.

The SMART function model is expressed in Equation (4).

OUp = WAcUPc + WAtUPt + WAeUPe 4)

Where OUp is overall utility assigned to path p, UPc, UPt and UPe are utility of path p on
attribute cost, utility of path p on attribute time and utility of path p on attribute emission
respectively. WAc, WAt and WAe are weight assignment to cost, time, and emission
respectively.

The first stage of the analysis entailed the identification of alternatives or options. All

minimized routes, which are the results of single-objective analysis, are categorized into 8 and



6 routes for Case 1 and Case 2, respectively. The categorized routes with their associated cost,
CO- emission and time attributes for cases 1 and 2 are presented in Tables 1 and 2, respectively.
Note that similar routes were categorized in one route number.

Table 1. Minimized routes for Case 1

Cost CO, Time
(RM/TEU) | (kg/TEU) (h)

Route

Minimum time

1) Highway-based least cost 1028.33 1791.96 50.13
Highway-based least emission
2 Minimum emission 703.99 590.26 130.27
3) Road-based least emission 1020.58 1788.59 50.38
Minimum cost
4) Railroad-based least time 366.83 627.75 58.76

Railroad-based least emission
Waterway-based least time

() Waterway-based least emission 806.2 736.84 102.94
(6) Waterway-based least cost 799.75 752.93 103.99
@) Road-based least cost 1007.98 2769.16 51.43
®) Federalroad-based least cost 1043.58 2035.71 579

Federalroad-based least emission

Table 2. Minimized routes for Case 2

Cost CO, Time
(RM/TEU) | (kg/TEU) | (h)

719.47 823.3 | 74.34

Route

(1) Minimum time
Road-based least emission
Minimum emission
(2) Waterway-based least time 483.62 | 201569 | 83.28
Waterway-based least cost
Minimum cost

(3) Railroad-based least time 41735 | 291.86 | 78.39
Railroad-based least emission
(4) nghway-based least emission 766.34 919.06 | 75.22
Highway-based least cost
(5) Federalroad-based least emission 734.08 1132.96 | 77.68

Federalroad-based least cost
(6) Road-based least cost 71763 | 1424.03 | 74.61




The second step involved the identification of the weights for transportation time (duration),
cost, and CO2 emission criteria. The concept of assigning weights involves the categorization
of weights into scaling factors, swing weights, tradeoffs, and measure of importance
(Merkhofer, 2019). The methods for assessing weights are categorized into direct, tradeoff,
indirect, ranking (ordinal), and mixed ordinal-cardinal methods (Merkhofer, 2019). In tradeoffs
methods, decision-makers evaluate based on relationships between pairs of weights. The
tradeoff method includes methods such as ratio method, tradeoff method, and equivalent cost
(pricing out) method (Merkhofer, 2019). Pricing out is very useful, but requires the definition
of performance measures in terms of units familiar to decision makers with corresponding
single-attribute value functions that are linear in those unit. Estimates of equivalent monetary
value may then be obtained based on willingness to pay ("How much would you be willing to
spend to move the performance measure from its worst level to its best level of performance?")
(Merkhofer, 2019). In this study, the cost equivalent method was implemented to assess the
tradeoff weights since both the cost attribute and the willingness to pay are in monetary units.
In this method, it is required to determine the maximum cost of willingness to pay in order to
improve the transport time and CO2 emission from worst to best performance. For transport
time improvement, it was arbitrarily assumed that the maximum cost of willingness to pay is
equal to average cost of all the outcomes under consideration which is RM 847.15. For CO»
emission improvement, the maximum cost of willingness to pay was assumed to be equal to
the second highest cost of all the outcomes under consideration which is RM 1028.33. These
assumptions in mathematical terms are expressed as:

WAcUPc(703.99) + WAtUPt(103.27) = WAcUPc(847.15) + WAtUPt(50.13)
WAc0.5 + WAt0.00 = WAc0.29 + WAt1.00
WAt = 0.21WAc
WAcUPc(1007.98) + WAeUPe(2769.16) = WAcUPc(1028.33) + WAeUPe(590.26)
WAc0.05 + WAe0.00 = WAc0.02 + WAel1.00
WAe = 0.03WAc



Finally, the sum of the three attribute weights must equal 1. Therefore:

WAc +WAe + WAt = 1
1.24WAc =1
The weights for the three attributes, WAc, WAt and W Ae, were obtained as 0.806, 0.169, and

0.024, respectively. The same assumptions regarding willingness to pay were considered for
Case 2. Thus, the weights for WAc, WAt,and W Ae were obtained as 0.67, 0.3, and 0.03,
respectively. The obtained values of criteria weights for both case studies indicate that the most

significant factor in shipment considered in this study is cost, followed by time and emission.

In the third stage, the attributes of Tables 1 and 2 were converted proportionately to rankings
on a scale of 0 to 1, where 1 and 0 represent the best and worst outcomes, respectively. The

result of this conversion for both case studies is presented in Table 3.

Table 3. Ranking of attributes

Case 1 Case 2
Route Cost Emission | Time Cost | Emission Time

(1) 7 6 1 4 3 1
(2) 2 1 8 2 1 6
(3) 6 5 2 1 2 5
4) 1 2 5 6 4 3
(5) 4 3 6 5 5 4
(6) 3 4 7 3 6 2
@) 5 8 3

(8) 8 7 4

The next stage is to determine the utility value of the criteria weight for all alternatives
described in Tables 1 and 2. For this purpose, the criteria were evaluated on a scale of 0 to 1
proportionately using Equation (5). The utility values for both case studies are presented in

Table 4.

Maximum value of criterion - value criterion (5)

Utility value =

Maximum value of criterion— Minimum value of criterion



Table 3. Utility values of criteria weight

Case 1 Case 2

Route Cost Emission | Time Cost | Emission Time
(@) 0.02 0.44 1.00 0.13 0.49 1.00
(2) 0.5 1.00 0.00 0.81 1.00 0.00
(3) 0.03 0.45 0.99 1.00 0.93 0.55
(4) 1.00 0.98 0.89 0.00 0.41 0.9
(5) 0.35 0.93 0.34 0.1 0.24 0.63
(6) 0.36 0.92 0.32 0.14 0.00 0.97
(7) 0.05 0.00 0.98
(8) 0.00 0.33 0.91

The last step is to compute the overall utility for each alternative. The results of the
computations for Case 1 and Case 2 are presented in Tables 4 and 5 respectively. The
alternative number 3 and number 4 scored the highest overall utility for Case 1 and Case 2
respectively. Therefore, this is logically the best route to ship one fully-loaded 20-foot standard

container from the origin to destination.

Table 4. Weighted and overall utility scores and ranking for Case 1

Route Cost Emission | Time | Overall utility | Overall rank

(@) 0.016 0.01 0.169 0.195 7

(2 0.403 0.024 0.00 0.427 2

(3) 0.024 0.01 0.167 0.201 6

(4 0.806 0.023 0.15 0.979 1

(5) 0.282 0.022 0.057 0.361 4

(6) 0.29 0.022 0.054 0.366 3

(M 0.04 0.00 0.165 0.205 5

(8) 0.00 0.007 0.153 0.16 8

Table 5. Weighted and overall utility scores and ranking for Case 2

Route Cost Emission | Time | Overall utility | Overall rank

(¢ 0.09 0.01 0.3 0.4 3

(2) 0.54 0.03 0.00 0.57 2

(3) 0.67 0.028 0.16 0.85 1

(4) 0.00 0.012 0.27 0.28 5

(5) 0.07 0.0007 0.19 0.26 6

(6) 0.1 0.00 0.29 0.39 4




3. Results and discussion

The single-objective decision making was performed using analyses based on time, emission,
and cost. The analysis of each criterion includes least path, road-based least path, railroad-
based least path, and waterway-based least path analyses. The result of least path analysis is
the optimum route either through road, railroad, or waterway, while the results of road-based,
railroad-based and waterway-based analyses is the optimum route using truck, train, and ship

respectively.

3.1 Time-based analysis results

The result of least-time analysis is presented in Figure 2. It indicates that using truck can deliver
containers sooner than train and ship for both Case 1 and Case 2. The result of the road-based
time analysis for both cases is same as least-time results. The result of railroad-based time
analysis for both case studies is shown in Figure 3, while that of waterway-based time analysis
is shown in Figures 4 and 5. The result of waterway-based analysis for Case 1 is broken down
into two parts since there is no direct waterway route between origin and destination point. The
first part of the route was from the start point to node 5, which is the closest node through
waterway to the final-destination point with transport time of 66.45 hours. The second part of
the route starts from the node 5 to the final-destination point, which involves the use of a truck
with transport time of 36.49 hours.

The least-time path analysis was statistically compared with the other transportation modes
for both cases, as shown in bar charts of Figure 6. The comparison shows that for both case
studies, containers movement by ship is the most time-consuming mode, followed by train and
then truck. In Case 1, the movement of containers by using road mode saves approximately 8
and 53 hours compared to railroad and waterway, respectively. In Case 2, movement of
containers through roads can deliver containers approximately 4 and 9 hours earlier than

railroad and waterway modes, respectively.



3.2 Emission-based analysis results

The result of least-emission analysis for both cases is shown in Figure 7. For Case 1, the
intermodal transport using ship and train was the best. As for Case 2, transport through only
waterway was the best.

The results of road-based emission analysis for Cases 1 and 2 are depicted in Figures 8. Since
there are available highway and federal road alternatives for both cases, both highway-based
and federal road-based emission analyses were performed. The results of highway-based
emission analysis for cases 1 and 2 are depicted in Figure 9, while the results of federal road-
based emission analysis for cases 1 and 2 are shown in Figures 10 and 11, respectively. For
Case 2, the total emission of federal-road-based route consists of emissions from loading
containers onto the truck at origin, transport through federal road to the closest intersection
point between federal road and highway to the destination point, transport through highway to
the final destination, and unloading containers from the truck at destination. This breakdown
is due to absence of a federal road connected to the destination node. The total transport
emissions for Case 1 and Case 2 were estimated at 407.142 ton and 226.593 ton, respectively.
The results of railroad-based emission analysis for both cases are depicted in Figure 12. The
result of waterway-based emission analysis for Case 1 is illustrated in Figure 13. The result of
waterway-based emission analysis for Case 2 is similar to that of least-emission analysis for
Case 2 (Figure 7).

The least-emission path was compared with the other transportation modes for cases 1 and 2,
as depicted with bar charts in Figures 14 and 15, respectively. For Case 1, the movement of
containers through intermodal transport by combined usage of ship and train emitted the least
emission (waterway-railway modes), followed by train, ship-truck combination, truck by
highway, and truck by federal road. From Figure 14, the combination of waterway-railway

modes can transport each container with less CO> emission of approximately 37.5, 146.5,



1201.7, and 1445.4 kg than railroad, waterway, highway and federal road routes, respectively.
In Case 2, the destination point is not connected to the federal road network. Therefore, the
federal road-based route includes federal road for majority of the path and highway for a small
portion of the path, which are represented by red and green colors, respectively (Figure 15).
The comparison for Case 2 clearly indicated that the movement of containers by ship was the
most environmental-friendly mode, followed by train, truck by highway, and truck by federal
road. The CO2 emission per TEU of federal road and highway were about 931.4 and 717.5 kg
higher than waterway, respectively. In addition, train emitted 90.3 kg of CO2 more than ship
for movement of each container. In general, highway-based and federal road-based routes
respectively emitted about 5.6- and 4.5-times higher CO> than the waterway mode.

The results show that container transport by utilizing ship-train combination and ship produced
the lowest possible CO2 emissions for cases 1 and 2, respectively, while movement via truck
produced considerably higher CO2 emission compared to ship and train for both Cases.
Particularly in Case 1, although waterway-based route involves a mode-to-mode transfer, its
CO:2 emission was noticeably lower than truck mode for both highway and federal road (i.e.,
highway and federal road emitted CO> of about 2.4 and 2.7 times more than waterway).

3.3 Cost-based analysis result

The results of the least-cost analysis for both cases are illustrated in Figure 16. The results
clearly show that transport by train is the cheapest mode of transport for both Cases. The results
of the road-based and highway-based cost analyses for cases 1 and 2 are illustrated in Figures
17 and 18, respectively. The result of federal road-based cost analysis for cases 1 and 2 are
depicted Figures 19 and 20 respectively. The total transport costs for cases 1 and 2 were
calculated as RM 208,716.87 and RM 146,816.47, respectively. For Case 2, the federal road-
based route consists of cost of loading containers onto truck at origin, transport cost through

federal road to the closest intersection point between federal road and highway to the



destination point, and transport cost through highway to the final destination plus cost of
unloading containers from truck at destination.

The results of railroad-based cost analysis are same as least-cost analysis (Figure 16), and the
results of waterway-based cost analysis for both cases are illustrated in Figure 21. The least-
cost path was compared with the other transportation modes and these comparisons are shown
as bar charts in Figure 22 for both cases. The comparison for cases 1 and 2 clearly indicates
that train mode was the cheapest mode of transport, followed by the waterway and road mode.
For Case 2, waterway-based, road-based, federal road-based and highway-based routes exhibit
higher transport costs approximately by 15%, 72%, 75%, and 83%, respectively, for each
container when compared with railroad mode. Similarly, transport costs of waterway-based,
road-based, federal road-based and highway-based routes in Case 1 were about 72%, 174%,
184% and 180% higher, respectively, compared with railroad mode for each container. The
results for both case studies showed that transport of containers by truck was the costliest
especially in Case 1. Although waterway-based route includes one mode-to mode transfer, its
cost was lower than truck mode (road-based, highway-based and federal road-based routes).
3.4 Results of sensitivity analysis for both Case studies

The sensitivity analysis of the weighting assessment was performed to investigate how the best
route is affected by varying the weights of time, CO2 emission and cost. The analysis was
executed by varying the weight of one attribute while keeping all other attributes constant. The
results of analysis for both cases based on the weights of time, CO> emission and cost are
presented in Figures 23, 24, and 25, respectively. The sensitivity analysis for Case 1 indicates
that routes in category number 4 (railroad mode) are the most preferred options as the weight
of all attributes are increased. For Case 2, it is clearly seen that route 3, which is the least-cost
route, becomes the preferred option as the weight of all attributes are increased.

4. Conclusion



This paper presents the results of single-objective route/modal choice analyses for two case
studies in transport network of Peninsular Malaysia. Four different analyses were performed:
least path, road-based, railroad-based, and waterway-based least path analyses, based on time,
emission and cost. The outcomes of both cases were compared to understand the differences in
terms of considered criteria. Comparing the result of time-based analyses indicated that the
trucks are faster than trains and ships. In terms of CO2 emission, transport by ship is the most
environmental-friendly mode of transport. The transport of containers using train was the
cheapest followed by ship and truck. For multi-criteria analyses, the SMART integrated with
the sensitivity analysis was implemented to select the best route/mode of transport among the
alternatives obtained from single-objective analysis to meet the combination of all criteria. The
analyses revealed that, although the transport of containers via train is not as fast as trucks, and
has more CO> emission than ships, it is an ideal transport mode when the criteria are combined.
Therefore, it is suggested that stakeholders in the transport sector should invest on improving
railway infrastructure for possible use of higher speed trains and modern trains that produce
less amount of emissions. This will enhance the timely delivery of local containers with less
air pollution and reduction in final price of goods.

Furthermore, future research should consider the implementation of a variety of statistical and
computational methods such as goal programming, AHP, and epsilon constraint approaches to
comprehensively explore container transport modes and provide better comparative analyses.
Moreover, route/modal choices under different scenarios of criteria weights such as assigning
higher weight value to emission or time criteria than cost need to be evaluated. In addition,
comparison of unimodal and intermodal transportations of containers in terms of external cost
of transport should be considered.
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Figure 1: Origin and destination points for Cases 1 and 2
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Figure 2: Least time analysis for Case 1 (left) and Case 2 (right)
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Figure 3: Train-based time analysis for Case 1 (left) and Case 2 (right)
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Figure 4: Ship-based time analysis for Case 1(node 174 to node 5) (left) and (node 5 to node

21) right
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Figure 5: Ship-based time analysis for Case 2
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Figure 6: Transport time comparison for Case 1(left) and Case 2(right)
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Figure 7: Least-emission analysis for Case 1 (left) and Case 2 (right)
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Figure 8: Truck-based emission analysis for Case 1 (left) and Case 2 (right)
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Figure 9: Highway-based emission analysis for Cases 1 (left) and Case 2 (right)
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Figure 10: Federal-road-based emission analysis for Case 1
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Figure 11: Federal-road-based emission analysis for Case 2
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Figure 12: Train-based emission analysis for Case 1 (left) and Case 2 (right)
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Figure 13: Ship-based emission analysis for Case 1
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Figure 14: Transport emission comparison for Case 1
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Figure 15: Transport emission comparison for Case 2
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Figure 16: Least-cost analysis for Case 1 (left) and Case 2 (right)



Recomended Method in network Recomended Method path Recomended Method in network Recomended Method path

1 a
3 4
.
\.\ é
‘\._. ..."-.
; ..., ~
Minimum cost calculated as (RM)201596.4793 Minimum cost calculated as (RM)143527.667

Figure 17: Truck-based cost analysis for Case 1 (left) and Case 2 (right)
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Figure 18: Highway-based cost analysis for Case 1 (left) and Case 2 (right)
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Figure 19: Federal-road-based cost analysis for Case 1

Recomended Method in network Recomended Method path Recomended Method in network Recomended Method path
] a

Minimum cost calculated as (RM)34177.8113

Figure 20: Federal-road-based cost analysis for Case 2
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Figure 21: Ship-based cost analysis for Case 1 (left) and Case 2 (right)
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Figure 22: Transport cost comparison for Case 1 (left) and Case 2(right)
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Figure 23: Sensitivity analysis by increasing weight of time for Case 1 (left) and Case 2

(right)
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Figure 24: Sensitivity analysis by increasing weight of CO2 emission for Case 1 (left) and

Case 2 (right)
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Figure 25: Sensitivity analysis by increasing weight of cost for Case 1 (left) and Case 2

(right)



