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ABSTRACT 

 

As of today, the environment awareness has risen. In the most of the European Union (EU) 

countries including Sweden, transport sector is known as a major source of CO emissions. 

Taking a closer look at Sweden national emissions, freight transport is largely taken up by 

road transport. However, the increasing trend of such freight transport demand would be 

unavoidable under growing urbanization and economy where goods tend to travel longer 

distance on daily basis. In addition, consumers expect freight shippers to reduce their 

environmental impact in a way of taking social responsibility. It is therefore has become 

important to reduce carbon emission over transport chains involving road haulage. In a 

global view, the impact of rising fuel price and personnel cost on road haulage cost requires 

reduction on overall transport costs. Taking into account those aspects, the importance of 

efficient freight transport has risen. In this context above, a vehicle routing model was 

suggested as a solution, optimizing distribution routes such that keep overall operating cost 

and emissions to a minimum.  

The thesis aims to the feasibility of vehicle routing in terms of total transport cost and 

carbon emissions, which are considered to be key performance indicators (KPI) for 

sustainable transportation. Based on a case study applied to intermodal transport system of 

shippers distributing daily consumables in the northern Sweden, in which an integrated 

location and routing problem (LRP) is embedded.  

This study provides methodologies for evaluating the feasibility. As the application of 

decomposition heuristics and a cost model, Intermodal Transport Cost Model (ITCM) in a 

case study, a LRP is sequentially solved optimizing shippers’ facility locations and 

distribution routes. As a result, the relative feasibility of vehicle routing within intermodal 

transport chains are evaluated regarding KPIs, in comparison of the shippers’ unimodal 

distribution. 

Considering as baseline scenario, the case study concluded that when introducing optimal 

route planning, the total transport cost and CO emissions are much less within the 

intermodal distribution. Furthermore, it suggested that under which scenario of using a 
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certain transshipment technology and container type, more significant reductions can be 

achieved during the transport chain, exploring the feasibility of vehicle routing within 

different intermodal distribution scenarios.   

However, none of the intermodal distribution scenarios from the case study was found to be 

the most efficient in terms of both cost and emissions. The alternative scenario is then 

developed such that minimizes both KPIs. The result implied that the alternative scenario 

makes even greater reduction when implementing the mixed use of container types; swap 

body and semi-trailer, and the innovative transshipment technology; CarConTrain (CCT) 

due to the maximum utilization of vehicle loading capacity and the lowest cost for 

transshipment. For more realistic evaluation, the cost model input is recommended to be 

updated once CCT transshipment technology is commercialized in practice.  
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1 Background 
 

In 2013, exclusive of international aviation CO the EU yielded a total amount of 

emissions that is 23% lower than in 1990. Moreover, the EU share in total global CO

emissions fell to 9.6%. Taking a closer look at Sweden, greenhouse gas (GHG) emissions 

had been decreased by 24% between 1990 and 2013 while the most sectors were 

contributed to the reduction due to the prevailing use of electricity and energy-efficient 

vehicles along with the increased use of biofuels. Nevertheless, Sweden including the 

most of the EU countries showed such a decreasing trend of CO between 2013 and 

2014 (Eurostat, 2015), its transport sector is still a major source of CO emissions and 

known to cause GHG. In addition, the reduction of Swedish emissions from the transport 

sector has begun to stall due to increased traffic in recent years 

2015). It is therefore essential to reduce environmental footprints overall transport 

assignments. In particular, the reduction in road transport appears to be most essential 

since road transport is widely used as either an independent unimodal transport mode 

or a feeder transport mode of intermodal transportation.  

In a perspective of Swedish national emissions, the domestic road transport was a third 

largest source of GHG emissions for 33% as of 2014(ibid.), which were dominated by 

passenger cars and heavy vehicles. Accordingly, passenger (passenger-km) and freight 

transport (ton-km) were largely taken up by road transport for 77 %and 42 %, 

respectively (Trafik Analysis, 2015). However, an increasing trend of transport demand 

started since 1990s appears to be inevitable under growing economy and urbanization, 

where both people and goods tend to travel longer distance on a daily basis. Strategically, 

it is rather simple to manage goods transport of shippers, which is based on static 

demand and supply, while optimizing their facility locations and distribution routes and 

additionally relieving traffic congestion on the road network within urban areas. 

According to the rising awareness on environment consumers also expect shippers to 

reduce their environmental impact and carbon emissions in a way of taking social 

responsibility .  
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Another aspect of background is the impact of rising fuel price and personnel costs on 

road haulage cost from a global view. Concerning the peak oil theory, the amount of 

available crude oil is limited(Gross et al. 2012) and expected to continuously increase 

the fuel price. In addition, the trend of hourly labor costs between 2004 to 2014 in the 

EU showed a slight but a steady increase(Eurostat, 2015). Taking into account those 

factors, the importance of efficient freight transport has risen and consequently 

encouraged shippers to keep overall operating cost to a minimum.  

In the context above, a vehicle routing model is suggested as a solution and applied to a 

case study. As a result of a computational analysis, the feasibility of optimal route 

planning is evaluated.  
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2 Objectives 
 

This thesis aims to evaluate the feasibility of optimal intermodal route planning. The 

evaluation is based on a case study solving an integrated location and routing problem 

(LRP), an intermodal rail-road transport system of shippers distributing daily 

consumables in the northern Sweden, in comparison of their unimodal road transport 

system.  

In order to achieve the ultimate goal, primary goals are structured. The thesis first 

provides description of VRP and other related problem types and problem solving 

methodologies. Based on the study in theories and methodologies, it is able to describe a 

problem type in case study and apply an appropriate method to the problem. Finally, the 

feasibility is quantifiably evaluated in terms of total transport cost and carbon emissions, 

which are considered to be KPIs for sustainable transportation. Further, thesis suggests 

under which intermodal distribution scenario the feasibility would be most significant.  

Generally, solving a LAP aims to determine an optimal set of facility locations. Secondly, 

solving a VRP given a set of facility locations as input aims to determine in which route 

and in what sequence, demand should be serviced by each vehicle beginning at facilities 

such that minimizes the total travel distance. See the table1 for corresponding problem 

structure of each transport system. 

 

Table 1 Problem solving framework for case study 

Intermodal Transport Unimodal Transport 
Rail Operation LAP - 
Road Haulage VRP VRP 

 

Hence the feasibility is initially quantified in perspective of total travel distance and 

estimated in terms of the KPIs, costs and emissions, using input data derived from 

Intermodal Transport Cost Model(ITCM), consisting of three main cost components; rail 

operation, road haulage and terminal handling(Kordnejad 2014).  Based on this 

estimated results from case study, under which conditions the vehicle routing can be 
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considered most promising is analyzed. Since reduction in transport distance is linear 

with transport costs and emissions, it is expected to provide shippers cost and eco-

efficient distribution routes and alleviates their contributions in traffic congestions 

within urban areas. 

 

3 Delimitation 
 

The thesis presents VRP solving methodologies focused on heuristics of approximate 

algorithms such that perform length (travel distance) optimization. That is, time related 

constraints and regulation, such as service time and time windows, and driver’s working 

hour restriction are not major concern of heuristic solutions in the case study. Instead, 

they are required to be considered in operational research. However, several constraints 

are taken into account in the case study so as to obtain realistic VRP solutions and 

specified in the following chapter 6.3.  

The case study area is limited to the northern Sweden region accounting for the counties 

above the latitude of Uppsala up to Norrbotten. The average daily freight volume of 2015 

is only raw data given by shippers that fulfil demand within this case study area and 

used to estimate annual KPIs assuming that the shippers transport freight for 312 days 

of a year. Once again the case study results are described as optimized total transport 

distance. It is then evaluated in terms of cost and emissions in the cost model analysis. 
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4 Literature review 
 

Two intentions are embedded in the literature review. The first is to identify the 

necessity of solving VRPs for optimization in freight transport systems (i.e., goods 

distribution of wholesalers on daily basis). The second is to generalize the VRP and other 

related problem types and provide corresponding problem solving methodologies. 

Based on that, a case study problem is identified and an appropriate method is applied 

to the problem as the following.  

 

4.1 City Logistics (Urban Freight Transport) 
 

There are major issues regarding urban freight transport. One is traffic congestion 

associated with negative environmental impacts, mainly CO emissions, which is a 

consequence of the growing trend of urbanization and sprawl, and demand for high level 

of service made by customers. To be specific, urbanization has expanded metropolitan 

regions, increasing shippers’ transport distance. Given that their effort to maintain the 

level of service often has led to an increase in pick-up and delivery truck traffic within 

urban areas, causing additional congestion(Taniguchi & Thompson 1999).    

The other major concern in a financial aspect is the rising operational costs along with 

fuel price and personnel cost. These aspects have generated the necessity of efficient 

urban freight transport. As the following, the idea of city logistics has proposed as “the 

process for totally optimizing the logistics and transport activities by private companies 

with the support of advanced information systems in urban areas considering the traffic 

environment, its congestion, safety and energy-savings within the framework of a 

market economy” (ibid.)  

According to the definition that city logistics models are supposed to incorporate the 

activities of shippers, including transport and transshipment, and be able to quantify the 

changes in terms of costs, traffic congestion, emissions, energy consumption and other 

social externalities. Later in 2010, Barcelo & Orozco also has confirmed the 
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improvement of city logistics requires a framework in which all activities of logistics 

process could cooperate, therefore an integration of vehicle routing models and fleet 

management models should be integrated. Finally, real-time traffic information 

accounting for dynamic aspects of the underlying road network should be implemented 

in further application of the integrated models so as to optimize dynamic routing and 

scheduling problems.   

 

4.2 Vehicle Routing Problem  
 

The VRP is a branch of distribution management, focused on optimization in the 

problem of planning, managing and controlling transportation and warehouse system. 

Primarily, the vehicle routing is a spatial problem. Hence a class of routing problems in 

which planning vehicle movements - an optimal set of vehicle routes – for each 

vehicle(i.e., delivery truck) from facilities(i.e., depot, distribution centers, transfer yards, 

terminals etc.) to locations of demand over the road network, given constraints of each 

problem context, are referred to VRP(Laporte 1992).  

The VRP can be formulated as the following (ibid.). Let  =  ( , )be a graph where 

 =  { , , … , }is a set of vertices and A = , : , ,  is a set of arcs. 

Vertex  is a depot at which are based  vehicles of capacity , … ,  while each 

vertex of V { } represents a city or a customer and has a non-negative demand  as 

well as a non-negative length . In non-negative distance matrix C = ,  associated 

with  is often presented as a travel cost or travel time from vertex  to vertex . If 

=  for all , , the problem is said to be a symmetric VRP. Otherwise, it is 

called an asymmetric VRP. In practical cases, the matrix often satisfies the triangle 

inequality, such that +  for all , (Toth & Vigo, 1998) and those cases 

are referred to as Euclidean problems. The VRP consists of determining a set of least-

cost vehicle routes such that satisfy following:  
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i. Each vehicle route originates and terminates at the depot; 

ii. Each customer is visited exactly once; 

iii. Some constraints are satisfied. i.e., the total demand of a route visited by vehicle  

does not exceed the vehicle capacity , the demand of a route must be visited 

within specified time windows, and the total length (travel distance) of a route 

does not exceed a specified maximal route length.  

 

In this thesis, the three following basic VRPs are presented(Raff 1983): 

The Traveling Salesman Problem(TSP) 

The Classical VRP 

The Stochastic VRP 

 

For the first VRP literature, a large scale of traveling sales problem (TSP) was studied by 

(1954). The TSP can be described as a graph  =  ( , , ) where 

=  (1, . . . , } is a set of nodes or cities,  =   is a set of arcs and  = ( ) is a matrix 

of distances related with . That is, to say the TSP consists of determining the shortest 

route passing through each node exactly once for a single salesman or vehicle based on a 

depot(Laporte et al. 1987). If a salesman (or vehicle) is more than one, the problems are 

classified as the multiple traveling salesman problem.  

The classical VRP is known as combinatorial optimization problem, which consists of 

determining the optimal routes for a fleet of vehicles, based on one or more facilities, to 

serve a set of customers. Based on the number of facilities, it is categorized into the 

single facility-multiple vehicles routing problem and the multiple facilities-multiple 

vehicles routing problem. It also assumes that the demand is known in advance, 

adopting deterministic model. In the stochastic VRP, on the other hand, the demand may 

not be known in advance, holding the rest attributes identical to the classic VRP. 

Other than basic VRPs, a great deal of research has been conducted on variants of the 
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VRP. In a vehicle routing and scheduling problem (VRS), the routing optimizes the spatial 

sequence of demand to be visited when the scheduling specifies the times at which these 

demand is required to be served. As a result, vehicle movements are sequenced in both 

space and time. Since a class of the VRP in which demand requires certain time widows 

for service is prevailed in practice, VRPs are likely to include scheduling problem unless 

otherwise mentioned. 

 

4.2.1   Vehicle Routing Problems with constraints 
 

As the following of the classical VRP limited on a vehicle capacity, a variety of VRP with 

additional constraints have emerged. A variant of VRP was introduced by Solomon 

(1984), adding time windows constraint in the problem. In addition to the capacity 

constraint, the extended VRP with time windows assigns vehicles to serve customers 

within customer-specified time frames. To be specific, the vehicle may arrive before the 

flexibility of time violation - soft time windows with loose deadlines or hard time 

windows with strict deadlines-, it is may or may not allowed to arrive after the closing 

time window.   

For another variant of VRP, drivers’ working hours can be considered. Taking an example 

of  Campbell & Savelsbergh(2004), legal working hours limits were imposed on drivers, 

including a 16-hour limit on how long a driver can be on duty(shift time limit) and a 10-

hour limit on how long a driver can drive(driving time limit) each day, modifying 

insertion heuristics. In practice, logistics companies often settle even more strict such 

time restrictions for both safety and scheduling reasons. Therefore, it appears important 

to determine whether the sequence of deliveries including the customer insertion is 

feasible with regard to such time constraints as time windows and working hours 

restrictions. Naturally, a joint problem of vehicle routing and scheduling was emerged, 

optimizing in which route and in which sequence demand should be service by each 

vehicle considering its arrival and/or departure time(Raff 1983) 
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4.2.2  Dynamic Vehicle Routing  
 

Barcelo and Orozco(2010) studied the integration of vehicle routing models with real-

time traffic information system for the evaluation of city logistics, applying a fast 

insertion heuristic and a tabu search. The result of simulations indicates that VRPs with 

low level of dynamism (i.e. narrow time windows) are adequately solved with a fast 

insertion heuristic. Moreover, in case of dealing with high dynamism (i.e. wide time 

windows), a tabu search is observed to improve the solution generated by the fast 

insertion heuristic, suggesting the higher level of flexibility to reassign demand in the 

tabu search algorithm.  

 

4.3 Location-Allocation Problem 
 

As a related problem type of VRP, a great deal of studies has been conducted on the LAP. 

The first location theory was officially studied on locating a single warehouse that 

minimizes total distance to customers (Weber & Friedrich 1929). Later on, the location 

theory regained attention and the LAP was generalized by Hakimi (1964), locating one 

or more facilities such that minimize the total travel distance from customers to the 

closest facility. As a way of measuring the optimality of a facility location is based on 

distance in P-median problems, the author introduced a weight method that weights the 

distance from demand to facilities by the related demand quantity, and finds the location 

of P facilities that minimize the total demand-weighted travel distance between them. 

The problem is formulated as the following. Let a transport system assumed to be a 

finite graph (network) G with weights (non-negative numbers) related to each of its 

vertices and branches. The weight  related to the branch  of G represents the lengths 

(costs) of that element. The weight  related to a vertex  of G represents the number 

of lines that must be connected between vertex  and a facility S to serve the demand 

that either originate or terminate at .     

Another way of measuring the optimality of a facility location is based on the average 

distance traveled by those who visit the facility. As the average travel distance to 

facilities increases, facility accessibility as well as location optimality decreases. 
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Ultimately, the location of facilities such that minimizes the average distance traveled 

between demands and facilities is chosen. Locating desirable facilities such as schools 

and libraries are the case of this measurement. In contrary, the opposite relationship is 

applied to undesirable facilities such as, nuclear power plants and dumpsters(Owen & 

.  

The covering problem however takes a different measure of location efficiency, in which 

locating depends on demand coverage within a specified level of coverage in time or 

distance. The purpose is to minimize the cost of facility location such as specified 

coverage is obtained (ibid.)  

demand (set covering location problem) or infrastructure (maximum covering location 

problem), the set covering location problems minimizes the cost of facility location by 

determining the minimum number of facilities such that a certain level of coverage is 

guaranteed to every demand. The maximum coverage problem is then followed by, 

taking into account financial feasibility with respect to facility construction costs. 

Therefore it maximizes demand covered within the desired level of coverage, given the 

number of facilities(White & Case 1974; Schilling et al. 1993). Similarly, when the 

question is to minimize the maximum coverage given a fixed number of facilities, the P-

center problem is proposed to serve every demand but locates only a given number of 

facilities as minimizing coverage distance ) 

 
 

4.4 Location-Routing Problems 
 

The extensive studies on both VRP and LAP are consequently exceeded to an integrated 

problem of facility location and vehicle routes, namely the location-routing problem 

(LRP). The problem consists of determining an optimal number and location of facilities 

the sub-problems can be solved either simultaneously or sequentially. Solving the 

complete problem aims to maximize overall efficiency of freight transport and minimize 

its total costs. 
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In perspective of LAP, as most of location-type problems are correlated with other 

objectives, it is natural that multi-objectives problems such as the integrated LRP have 

emerged. Comparing the classical LAP with the LRP, the notable difference is that the 

former considers vehicles make the straight-line or radical trips from each customer to 

the closest facility. Therefore, the problem solution ignores tours when locating facilities. 

Consequently, it may increase travel distance and overall operational costs. Contrarily, 

the latter requires vehicles to visit customers via tours and thus simultaneously 

optimizes facility location and vehicle routes. 

Relatively the LRP has appeared recently hence the amount of research on LRPs is 

limited compared with the vast literature on the pure VRP and the LAP and their 

variants due to not only its complexity but also repetitive problem solving for reflecting 

changes such as in vehicle capacity, facility handling capacity, and a number of candidate 

facility locations. The earlier studies on LRPs in between 1960 and 1970 merely 

recognized the interdependence of decisions for facility locations and road transport 

routes. Although Cooper(1972;1976) generalized the LRP model and followed by 

Tapiero(1971) the generic models was refined with time-related complication, none of 

the earlier studies established tours on the transportation network hence it is hard to 

consider them as true LRP studies (Min et al. 1998). Initiated by Watson-Gandy & 

(1973) who firstly consider ‘multi-drop(tour)’ nature of the vehicle routes within 

the LRP model, the true LRP literatures were only flourished in late 1970s and early 

1980s parallels the advent of an integrated logistics system as a new management 

concept which puts the focus on increasing distribution efficiency. Once facility locations 

are determined, the LRP is narrowed down to a multiple depot-vehicle routing problem 

(Tuzun & Burke 1999), not to mention that both LRP and VRP share an essential 

objective, the improvement of operational efficiency. For those reasons, in line of the VRP 

research, a case study deals with a LRP in this thesis 
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5 Methodology 
 

(Eksioglu et al. 2009) along with the 

development of computational capability. Since many decision problems in business and 

economics related to manufacturing, location, vehicle routing and scheduling are 

commonly formulated as optimization problems, it is difficult to find a high quality 

solution within a reasonable computational time(El-Sherbeny 2010). Therefore, rather 

than exact algorithms more approximation algorithms have been introduced and 

heuristics has become the methods of choice, solving problems to optimality.  

As mentioned earlier, the methodology review in this thesis is dedicated to heuristic 

solutions.  They are categorized by database and variability of demand, depending on 

whether the problem is solved by the quickest (travel time) or the shortest (travel 

distance) route calculation, and whether demand is known or not. See the following 

categorization. 

 

 

- Time-dependent 

- -dependent 

 

 

- tic; demand is known in advance 

- Stochastic; demand may not be known in advance 

For example, a time-dependent database is used in combined problems of vehicle 

routing and dynamic traffic simulation. It is generated based on historical travel times 

and/or dynamic traffic flows through a macroscopic simulation so as to model the real-

time traffic information system of the urban transport network(Barcelo & Orozco 2010). 

This type of database enables us to deal with dynamics of the problems in which 

demand are not completely known by inserting new demand in real-time into initial 

routes once the vehicles have started services. Otherwise, vehicle routing is distance-
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dependent in general problems where all demands are known in advance without 

insertion of new demand. While exploring solutions, initial vehicle routes are generated 

within a various range of computational time. Therefore, more complex search 

algorithms as heuristics were introduced. Generally speaking, the main goal of heuristics 

applied to VRPs is optimizing solutions to the least-cost one, simply the best solution, 

within a reasonable computational time. 

 

5.1 Classical Heuristics 
 

Taking an overall view of heuristics, it can be classified into classical and modern 

heuristics. The classical heuristics are mostly developed between 1960 and 1990, and 

known for having most standard construction which performs a limited exploration of 

the study area and generates good quality solutions within an acceptable computing 

time. Furthermore, they are flexibly extended to include diverse constraints faced in 

reality, accounting for their wide usage until today. In the classical heuristics, VRP 

solutions are mainly constructed using two methods that merge existing routes using a 

savings criterion and steadily assign vertices to vehicle routes using an insertion 

cost(Laporte et al. 2000). 

Introduced by Clarke and Wright (1964), the first classical heuristic is known for savings 

heuristics and applied to VRPs for which the number of vehicles is a decision variable. 

When existing routes are merged, the savings ( ) in distance is estimated. The 

algorithm is implemented as below. 

 

Phase1. Calculate the savings = +   for ,  = 1, . . ., n and  . Create n 
vehicle routes (0, , 0) for  = 1, . . ., n. Organize the savings in a non-increasing order. 

 

In the second phase, routes can be either merged instantly or sequentially considering 

next possible routes. 
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Phase2. Starting from the top of the savings list, proceed the following. Given a 
saving( ), determine whether there are two existing routes, one starting with (0, 
), and the other ending with ( , 0), that can be feasibly merged. If so, combine these 

routes by deleting (0, ) and ( , 0) and combining as ( , ). 

 

Phase2. Consider each route in order. (0, , . . . , , 0). Determine the first saving  or 
 that can be feasibly used to merge the current route with another route ending 

with ( , 0) or starting with (0, ). Implement the merge and repeat this to the 
current route until no feasible merge is found. Then, continue on the next route and 
apply the same procedure and stop when no route merge is feasible.  

 

Accordingly, several researchers proposed the improved algorithm that are only focused 

on reducing computational time and memory requirement, hence underestimated as 

they were no longer seen as issues given the capability of present computer (Gaskell 

1967; Golden et al. 1977; Nelson et al. 1985) 

The insertion heuristics was proposed to the traveling salesman problem(Rosenkrantz et 

al. 1977). It aims to construct a feasible solution, such as a set of feasible routes in VRPs, 

by repeatedly inserting customers into a partial solution. Typically, it is used to construct 

an initial feasible solution in local search and metaheuristics for VRPs. Meanwhile it is 

diversified to determine a feasible customer insertion having the maximum profitability 

in the partial solution(Barcelo & Orozco 2010). For example, the basic insertion 

heuristics was modified in order to find a solution that satisfies shift time limits, while 

keep holding a time window constraint(Campbell & Savelsbergh 2004)

this basics insertion heuristics, dynamic VRP with time windows was proposed. The 

objective of dynamic insertion heuristics is to insert a new customer into the initial route 

plan once the vehicles have begun services, ultimately pursuing the least cost feasible 

insertion(Barcelo & Orozco 2010). 
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5.2 Modern Heuristics 
 

As a modern class method, metaheuristics has emerged since 1990. Unlike the classical 

heuristics, they are devoted to a thorough exploration and considered to produce a 

higher quality of solutions than that of classical heuristics, but along with the increased 

computing time. More specifically, although they cannot guarantee obtaining exact 

optimal solutions, they provide feasibly practical solutions. Hence the capability of 

metaheuristics is proved in case of solving combinatorial optimization problems in 

which the exact solutions are hardly determined(Yamada et al. 2009; El-Sherbeny 2010). 

Broadly speaking, the range of metaheuristics approaches includes simulated annealing, 

genetic algorithm, tabu search algorithm, and colony optimization. The metaheuristics 

review in this thesis however is dedicated to tabu search which have revealed to be the 

most successful method for VRPs(Laporte 1992; Laporte et al. 2000). 

Firstly proposed by Glover (1986) Tabu search(TS) is a local search metaheuristics. At 

each iteration t, it explores the solution space and updates a solution , up the best one 

in a subset of its neighborhood N(S). Contrary to classical heuristics, the successive 

solution  produced by the algorithm may not be necessarily superior to the initial 

solution  as accepted only to prevent cycling. Thus, some attributes of recently 

explored solutions are playing role as tabu and successive solutions are then forbidden 

to have those attributes in the further iteration.     

For the LRP, it can be said that Decomposition Heuristics are dominant up to today, 

considering its complexity. First the original LRP is divided into two sub-problems: (1) 

LAP and (2) VRP, respectively. The facility locations and road transport routes are then 

optimized either simultaneously or in a sequential manner, applying heuristics. Perl and 

 proposed heuristics that simultaneously performs the warehouse 

allocation and the multi-depot routing, yet it is difficult for such a simultaneous method 

to solve to optimality since the LAP is a location-type problem and the VRP is routing-

type problem(Hansen et al. 1994). Later Albareda-Sambola et al. (2005) proposed a two-

phase tabu search heuristic that optimizes vehicle routes at intensification phase and 
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modifies the set of open depots at a diversification phase. However, applying 

decompostion heurstics also has a limitation that it may not be satifactory for analyzing 

tradeoffs between location and routing factors at the same level of decision hierachy. 

Given that simultaneously solving the whole LRP appears to be more desirable(Min et al. 

1998). Yu et al.(2010) simultaneously tackled those sub-problems by using the simulated 

annealing heuristics.  

Other than those typical metaheuristics solutions, several hybrid approaches have 

developed, for instances, Prins et al. (2006) proposed a memetic algorithm - genetic 

algorithm hybridized with a local search procedure - with a population management 

technique of measuring distance in the search space. Haivng realized the computational 

complextity of LRPs, Wu et al. (2002) solved each sub-problem in a sequential and 

iterative manner by using the simulated annealing algorithm with a tabu list while taking 

into account the interdependence between sub- problems by inserting the LAP solution 

as the input to the VRP Similar to this sequential approach. Arnold et al. (2004) applied a 

heuristic approach with Dijkstra algorithm on a problem of locating terminals that 

minimize total transport cost including transshipment cost while calculating the 

shortest route between the origin and the destination. Most recently, Yamada et al. 

(2009) adopted a metaheuristics combining with  genetic algorithms and local search in 

designing multimodal freight transport network, as it is often believed to outperform 

other heuristics on such combinatorial optimization problems(Murata & Ishibuchi n.d.).   

Further, apart from widely studied LRP case of unimodal road transport (Prins et al. 

2006), solving LRP in intermodal transport system is found to be promising in which 

road feeder transport cost is proportional to transport distance unlike the rail operation 

costs is rather fixed, including transshipment costs at terminals, while minimizing total 

transport cost(Kordnejad 2013). Thereby, a case study in the chapter 6 is devoted to the 

application of decomposition heuristics for the LRP within intermodal distribution of 

shippers and evaluates the feasibility of optimal intermodal route planning. 

 

 



17 

 

6 Case Study 
  

As a way of evaluating the feasibility of optimal intermodal route planning, an 

intermodal rail-road transport system of COOP and Lidl distributing daily consumables 

and groceries to retails stores within the northern Sweden was chosen for a case study. 

Based on the case study, the feasibility within intermodal distributions scenarios and 

existing unimodal road distribution were evaluated regarding costs and emissions, and 

compared to each other.  

In general, effective distribution management holds three level of decision-making 

problems; strategic, tactical, and operational planning decision(Raff 1983; Owen & 

. The location of facilities (i.e. depot, distribution centers, transfer yards, 

terminals etc.) is usually considered to be long-term “strategic” decisions, while mid-

term “tactical” decisions are associated with vehicle type and capacity. Finally, on the 

“operational” level, various short-term (daily or even real-time) decisions are made 

regarding vehicle routing and scheduling. In addition, they reflect interdependence 

between facility locations and vehicle routing, developing location-routing problems. 

The three level of decisions are significant in the sense that they affect the level of 

service for customers and the total transport cost. In this context above, intermodal 

transport system of wholesalers is defined as the location-routing problem (LRP). As the 

application of decomposition heuristics, the problem was solved to optimize terminal 

locations along the railway and road feeder transport routes toward retail stores in a 

sequential manner such that minimizes total transport distance.  

Referring to ITCM (Kordnejad 2014), total transport costs for unimodal road 

distribution is proportional to total transport distance. Similarly, reducing this total 

travel distance and transshipment costs would result in efficient intermodal distribution. 

The former cost component can be reduced by solving VRP combined with LAP, and the 

latter cost component can be reduced by adopting cost-efficient transshipment 

technologies regarding the interdependence between terminal locations and delivery 

vehicle routing on transport costs. Further, such achievements may increase the 
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feasibility of intermodal transport as a consequence.   

The case study is made up of three assignments. The first assignment is solving LAP and 

VRP of intermodal distribution scenarios. Secondly VRP of unimodal road distribution is 

solved. Finally, based on the problem solutions a cost Analysis was conducted. The first 

two assignments are conducted by applying heuristics solvers from ArcGIS 10.3 Network 

Analyst and the last assignment is referred to a cost model, ITCM as input (ibid). See the 

table for the case study framework.  

 

Table 2 Case Study Framework 

 Intermodal distribution Unimodal distribution 

Phase1 LAP - 

Phase2 VRP VRP 

Cost model 
• Rail operation 
• Road haulage 
• Terminal handling 

Road haulage 

 

To be specific, in case of the intermodal transport system, LAP was solved so as to 

determine an optimal set of terminals. As the following, VRP was solved in order to 

determine in which route and in what sequence, retail stores should be serviced by road 

transport routes. In contrary, a given set of fixed location was used to solve VRP in the 

unimodal transport system. Applying the cost model, the feasibility of optimal route 

planning under each distribution scenario was quantifiably evaluated in terms of cost 

and emission.  
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6.1 Input 
 

Prior to solving problems, general input of the case study is stated for the sake of clarity 

in table 3. The two selected wholesalers, COOP and Lidl shared the study area for the 

northern Sweden where both seek for sustainable distribution system by cooperating. 

According to the freight flows on the Swedish rail network in 2010(Nelldal 2012), the 

imbalance of freight flows between south and north corridor that the north bounded 

freight flows is relatively low hence, it is mainly transported by road. In this context, 

locating intermodal terminals can be suggested to shift the freight flows from road to 

rail, balancing the share of freight flows between the transport modes(Kordnejad 2013). 

The data required for this study was categorized as and obtained from: internal data 

geographical data for a 

 of the 

stores was converted for Euro-Pallets (EP) relative to different loading units (LU); rolling 

cage unit (RCU), 20-foot container (TEU), swap body (SB) and semi-trailer (ST). Table4 

was then used to estimate vehicle loading capacity dependent of container types, SB and 

ST, and be implemented as input in the problem settings. 

 

Table 3 General Input 

 
Intermodal Unimodal 

Demand 
  177 retail stores 

 1394 EP/day 

Facility 5 Candidate Terminals 4DC 

 

 

 

 



20 

 

 

Table 4 Loading Unit Conversion 

 RCU TEU(1 tier) SB(1 tier) ST(1 tier) 
EURO PALLET(EP) 1.7 11 18 33 

 

 

In the study area, total 177 active retail stores of the wholesalers were located. When the 

average freight volume per store was estimated for 8 EP, the required store visit of a 

route was determined, given the vehicle loading capacity. See the table 5. 

 

Table 5 Processed data 

Processed data  
Freight Volume(EP/Store) 8 
Service Time(min/EP) 2.31 
Truck-loading service time(min) 83 
Truck-unloading service time(min) 42 
 Unimodal Intermodal 
Vehicle type 1SB+1ST 2SB 1ST 
Vehicle loading capacity 51 36 33 
Number of visits(store/route) 6 4 4 
Average capacity(EP/route) 48 32 32 
Average service time(min/route)  235.88 198.92 198.92 

 

 

The five candidate terminals - 

- were selected based on the amount of daily freight volume and 

the present rail operation for 706 km from Rosersberg to . Among the five 

candidate along the railway, Rosersberg and  were required terminals as origin and 

destination. Additionally, the wholesalers had 

Stockholm. COOP had three  - - and each handling a separate 

goods class; common goods, refrigerated and frozen. On the other hand, the Lidl had one 

- Rosersberg - and was assumed to handle those goods class together in the same 

goods proportion of the COOP – 74%, 15% and 11% - due to lack of specific freight 

volume for each goods class.  
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In order to set the VRP, the total daily freight volume was distributed to each terminal. 

Based on this specific volume in table 6, the required number of routes for each terminal 

was also determined depending on different vehicle loading capacity of container types; 

two SB and one ST.  

 

Table 6 VRP setting based on raw data for unimodal distribution 

 Raw data Number of Routes required 
Freight Volume(EP/day) 2SB 1ST 

Rosersberg 0 0 0 
Gävle 51 2 2 
Sundsvall 360 10 11 
Örnsköldsvik 47 2 1 
Umeå 936 26 28 
Total 1394 40 42 
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In order to construct the VRP, the total daily freight volume was distributed for each 

terminal. Based on this specific volume in table7, the required number of routes for each 

 was also determined depending on the vehicle loading capacity of mixed container 

types; one SB and one ST.  

 

Table 7 VRP setting for unimodal distribution 

 Raw data Number of Routes required 
Freight Volume(EP/day) 1SB+1ST 

Rosersberg 0 0 
Gävle 51 1 
Sundsvall 360 7 
Örnsköldsvik 47 1 
Umeå 936 18 
Total 1394 27 
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6.1.3 Cost Model  
 

Based on ITCM, the intermodal distribution consisted of three cost components: rail 

operation, terminal handling and road haulage. Using cost and emission parameters for 

each component as input (Kordnejad 2014), the problem solutions were estimated for 

total transport costs and CO  emissions. The parameters for rail operation were 

calculated considering a reference train transporting the daily freight volume for 706 km 

by rail. See the table 8. 

 

Table 8 Rail Cost Parameters 

Reference Train: 581 meters, 21wagons, loading factor 80%  
kWh / SB-km 0.334 
kWh / ST-km 0.683 
Emissions Factor Swedish Electricity (kg CO  / kWh) 0.010 
CO Emissions / SB-km (kg) 0.0033 
CO  Emissions / ST-km (kg ) 0.0068 
Rail Operation Cost SEK/LU-km 
Wagon Type Sggrss 80' Loading Unit SB 1.09 

Megaswing ST 2.15 
 

 

In table 9, the terminal handling costs were varied regarding transshipment 

technologies and relative container type, SB or ST. In the study, a terminal type was fixed 

for cost-efficient small-scale intermodal terminal (CESS terminal) that is turned out to 

be cost-efficient combined with three different transshipment technologies - Light 

Combi, Megaswing and CarConTrain(CCT)1, as significantly reducing the transshipment 

cost and emissions of medium-sized conventional terminal using reach-stacker. Such 

efficient transshipment technologies have an impact on total transport cost as 

transshipment cost in an intermodal transport system is not proportional to the distance 

transported (Kordnejad 2014).Although, it is still at a development stage, CCT appears to  

                                                      
1 CarConTrain(CCT) is a horizontal transshipment technology implementing hydraulic poles 
on which loading units are placed during transloading and therefore does not require 
synchronization between transport modes.
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be the most promising technology in perspective of both costs and emissions. For more 

details about CCT, see Nelldal et al. 2008. 

 

Table 9 Terminal Cost  

Transshipment Technology Transshipment Cost(SEK/LU)  
Conventional Terminal 268 4.5 
CESS Terminal Light Combi 159 1.7 
CESS Terminal Megaswing 143 0.9 
CESS Terminal CCT 106 0.3 

 

Table 10 specifies the road haulage cost and emission parameters for each goods class: 

common goods, refrigerated and frozen goods. This was because a specific goods class 

was 

station (i.e., Coop).   

 

Table 10 Road Haulage Cost Parameters 

Goods Class Road Cost(SEK/EP-km) /LU) 
Common 0.35 0.027 

Refrigerated 0.59 0.031 
Frozen 0.76 0.038 

All 0.57 0.032 

 

In case of the unimodal road distribution, the road haulage is the only cost component of 

the transport assignment. Therefore, table 10 was implemented as input and the 

problem solution was estimated for total transport costs and CO  emissions 
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6.2 Problem solving framework  
 

As mentioned earlier, the intermodal distribution is seen as the integrated location and 

routing problem. Applying Decomposition Heuristics, the LRP was therefore decomposed 

into LAP and VRP and each was solved in a sequential manner. 

mentioned in section 5.3, the computational complexity of the LRP due to the embedded 

TSP required the use of decomposition heuristics that quickly yields good solutions. In 

addition, exact methods only can solve relatively small-size problem, but approximation 

methods, namely heuristic algorithms have obtained satisfactory solutions which are 

near optimal at a reasonable computational cost for realistic-size problems(Laporte 

1992). Accordingly, heuristics were implemented in the large-scale problems as this case 

study 85) 

Each sub-problem, LAP and VRP, was then solved by heuristics in a sequential manner 

using the LAP solution as the input to the next sequenced problem, VRP as following 

structure: 

Phase1. Location-Allocation Problem(LAP)   

Phase2. Vehicle Routing Problem(VRP) 

In order to determine optimal number and location of terminals among candidates such 

that minimize the total distribution costs, first, the LAP was solved based on 

c. 

That is, given N candidate facilities and M demand points with a weight, choose a subset 

of the facilities, P, such that the sum of the weighted distances from each M to the closest 

P is minimized. 

Therefore, the LAP solver firstly generated an origin-destination ( -

path costs, creating initial solution. The solution was then refined implementing a vertex 

substitution heuristic(Teitz & Bart 1968) in order to create a set of good solutions. 

Finally, a metaheuristic was used to combine the set of good solutions and create better 

solutions until no further improvement was possible (Environmental Systems Research 

Institute 2016).  
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Taking the output of the first phase as the input to the next sequenced problem, the VRP 

was 

determine optimal distribution routes given the optimal number and location of 

terminals as origin, and retail stores as destination.  

As a result, terminal locations along the railway and road feeder transport routes to 

retail stores were sequentially optimized in a way that minimizes total transport 

distance, which is interchangeably indicating total transport costs and emissions. 

On the other hand, the unimodal road transport system only consisted of a VRP 

determining optimal distribution routes from a set of fixed loc

stores.  

 

6.3 Constraints 
 

Both sub-problems searched for optimal solutions that respect real-world constraints 

posed on a fleet of vehicle, routes, retail stores, terminals and drivers. Those can be 

categorized into capacity constraints and time constraints as following. 

 

6.3.1  Capacity Constraints 
 

Vehicle Capacity 

The vehicle loading capacity was determined by each vehicle type specified in table 4. A 

fleet of vehicle at each terminal is identical and has the same maximum loading capacity. 

  

Route Capacity 

The sum of freight volume of any vehicle route may not exceed the vehicle capacity. 

 

Terminal Handling Capacity 

The terminals are assumed to serve an unlimited freight volume when it is known in 

advance that the terminals will be operated considerably below their operational 

capacities . 
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6.3.2  Time Constraints 
 

Service Time 

The service time is the time required to complete loading and/or unloading the vehicles 

with goods at the terminals and the retail store. freight volume, it was 

varied by each store. Consider table 4. 

 

Time Windows 

The time windows specify the beginning and ending time when a delivery vehicle is 

allowed to visit the retail store. In this case study, for the sake of operational efficiency, 

the vehicles were only permitted to arrive at the stores between 8:00 and 20:00. In 

practical case of COOP, however, the retail stores had a hard time windows, i.e., all the 

stores in favor of receiving goods before the opening time.  

 

Drivers’ working hour and breaks 

Regulated by EU Regulation No 561/2006 , the maximum driving time shall not exceed 9 

hours and it may be extended to at most 10 hours not more than twice per week. In 

addition, drivers must take 45 minutes of break period after 4.5 hours of non-stop 

driving time. Those regulations applies in national Sweden including the study area, 

consequently the distribution scenarios were strictly designed to respect them(The 

Swedish Transport Agency 2015). That is, for instance, the break time window was not 

allowed to be violated. For the sake of simplicity, 4.5 hours of driving time was 

accumulated inclusive of service times at terminals and retails stores in this study.  

Note that except for vehicle capacity, time constraints were only considered in the sub- 

problems of intermodal distribution scenarios, which does not require shift changes of 

drivers along routes, in order to determine vehicle scheduling, in what sequence retail 

stores should be visited. In unimodal road distribution, however, often the changes are 

required to avoid violating drivers’ working hour regulation. 
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6.4 Analysis 

In the case study, the first assignment was optimizing intermodal distribution scenarios, 

which consist of LAP and VRP, determining optimal number and location of terminals 

and distribution routes from the optimized terminals to the stores. On the other hand, 

the second assignment was optimizing unimodal road distribution, which involved only 

VRP.  

Based on the LAP solution that optimized number and location of terminals assigning a 

number of retail stores accounting for the amount of daily freight volume were randomly 

selected using Excel sampling. The sampling assumed that the random selection of the 

stores does not allow overlapping (i.e., no store is served twice in the same day). This 

sampling demand was implemented as input in both VRP from intermodal and unimodal 

distribution in order to create capacitated routes.  

 

6.4.1 LAP from Intermodal distribution 

In order to determine an optimal number and location of intermodal terminals along 

railway, the LAP is solved several times with different number of candidate terminals to 

choose, starting from two required terminals up to all of five candidates.  

 

 

 

 

 

Figure 5 LAP solution for locating two 

terminals 
Figure 4 Base input for Intermodal 

distribution 
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The solutions are compared in table 12 regarding the total travel distance (shown as 

straight lines but network distance) from each retail store to the closest terminal. 

According to the comparison, locating terminals at all of the five locations (figure 8) was 

turned out to be most cost-efficient in perspective of road transport costs, which is 

linear to total distance. This optimal set of facility was therefore implemented in the 

following VRP as input.  

 

Table 11 Comparison of Solutions 

Number Candidate Terminals Total Distance(km) 
2 Terminals Rosersberg(Origin), Umeå(Destination) 41,569 
3 Terminals Rosersberg, Sundsvall, Umeå 33,376 
4 Terminals Rosersberg, Gävle central, Sundsvall, Umeå 29,751 
5 Terminals Rosersberg, Gävle, Sundsvall, Örnsköldsviks, Umeå 28,336 

 

Figure 7 LAP solution for locating three

terminals 

Figure 6 LAP solution for locating four

terminals 



33 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 LAP solution for locating five terminals (optimal set of terminals) 
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6.4.2 VRP from Intermodal distribution 
 

As the following, the VRP was solved for intermodal distribution, determining in which 

route in what sequence, the retail stores should be serviced by each vehicle originating 

from the optimal set of terminals (LAP solution) along the railway. The optimal VRP 

solution given the input for intermodal distribution is shown as figure 9.   

Figure 9 Optimal intermodal distribution routes 
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6.5 Case Study Results   
 

The case study results (total travel distance) from problem solutions above were 

quantified in terms of cost saving and environmental footprint based on the cost model 

input in chapter 6.1.3. 

 

Table 12 Feasibility Indicators  

KPI 

Cost Savings Total Transport Cost 
Environmental  
Footprint Total CO  emissions 

 

By comparing those quantifiable indicators, the feasibility of optimal route planning was 

relatively validated under which distribution scenario it is considered most promising. 

In following tables, the outputs from the ITCM are presented. The annual indicators were 

calculated based on 312 working days per year, which is practical setting of the 

wholesales in the study. Table13 describes the output of the unimodal road distribution, 

e annual travel distance, the annual 

cost and emissions were estimated to be 4,329 million SEK and 614,384 tons, 

respectively.  

 

    Table 13 Main results from unimodal road distribution 

Unimodal Road Transport using 2SB  
Goods Class  Common  Refrigerated  Frozen  All 
Daily distance(km) 35,539 5,871 2,735 44,144 
Daily cost(SEK) 12,837,766 713,131 324,265 34,870,884 
Daily CO  Emissions(kg) 990,342 37,470 16,213 1,969,179 
Annual distance(km) 11,088,065 1,831,645 853,243 13,772,954 
Annual costs(MSEK) 4,005 222 101 10,880 
Annual CO  Emissions(tons) 308,987 11,691 5,059 614,384 
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Table 14 shows the output of the intermodal distribution, from the CESS terminals to the 

retail stores, regarding different type of transshipment technologies and vehicles. In 

general, all the intermodal distribution scenarios showed about 50% reduction of the 

key indicator compared to the existing unimodal distribution.  

 

Table 14 Main results from intermodal distribution 

Intermodal distribution   
Terminal CESS CESS CESS 
Transshipment LightCombi Megaswing CCT 
Vehicle 2SB 1ST 2SB 
Daily distance(km) 21,282  20,762  21,282  
Daily cost(SEK) 16,325,464  16,568,690  16,227,693  
Daily CO Emissions(kg) 918,160  895,098  918,050  
Annual distance(km) 6,573,389  6,477,624  6,573,389  
Annual costs(MSEK) 5,093  5,169  5,063  
Annual CO Emissions(tons) 286,466  279,270  286,432  

 

Yet, in table14, it is notable that the intermodal distribution scenario in which 

implementing CCT transshipment technology is expected to be the most cost-efficient 

with the lowest annual cost, 5,063 million SEK.  

 

Table 15 Intermodal distribution using CESS terminal, CCT transshipment and 2SB 

Intermodal CESS CCT using 2SB    
Goods Class  Common  Refrigerated  Frozen  Rail Transfer Road Total 
Daily distance(km)  15,227   3,056   2,292   706   -   20,576   21,282  
Daily cost(SEK)  11,680,953  2,344,452   1,758,481  59,255   8,162   16,160,276  16,227,693 
Daily CO Emissions(kg)  656,948   131,854   98,899   179   23   917,848   918,050  
Annual distance(km)  4,750,910   953,542   715,214   220,272  -   6,419,667   6,639,939  
Annual costs(MSEK)  3,644   731   549   18   3   5,042   5,063  
Annual CO Emissions(tons)  204,968   41,139   30,856   56   7   286,368   286,432  

 

 

 



38 

 

Such efficient cost is mainly contributed by the considerable reduction in distance, the 

use of SB container type, the lowest transshipment cost for 106 SEK/SB. Figure11 and 

12 presents the specific cost share of road haulage, rail operation and terminal handling 

in the intermodal distribution scenarios.  
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Contrarily, the intermodal distribution implementing a CESS terminal and Megaswing is 

predicted to be most environmental as the annual CO Emissions was estimated to be 

the lowest for 279,270 tons.  

 

Table 16 Intermodal distribution using CESS terminal, Megaswing transshipment and 1ST 

Intermodal CESS Megaswing using 1ST     
Goods Class  Common  Refrigerated Frozen  Rail Transfer Road Total 
Daily distance(km)  14,836   2,975   2,244   706   -   20,056   20,762  
Daily cost(SEK)  11,840,084  2,374,032   1,791,156  66,788   143   16,501,760  16,568,690 
Daily CO Emissions(kg)  639,642   128,253   96,764   417   40   894,641   895,098  
Annual distance(km)  4,628,948   928,141   700,263   220,272  -   6,257,352   6,477,624  
Annual costs(MSEK)  3,694   741   559   21   0   5,149   5,169  
Annual CO Emissions(tons)  199,568   40,015   30,190   130   12   279,128   279,270  

 

 

Considering figure 13 and 14 that illustrates the specific cost share of road haulage, rail 

operation and terminal handling in the intermodal distribution scenarios, such 

reduction in total CO Emissions is mainly contributed by the lowest emissions for road 

transport with the shortest travel distance for 6,477,624 km (table 15). For another 

contribution factor the use of vehicle type is considered. The smaller vehicle loading 

capacity for 33EP (table 4) appears to be suitable to handle the exact amount of daily 

freight volume in the case study with a full truck loading. It therefore contributes to 

reducing road travel distance to the retail stores. At a close look however, the least 

emissions for transfer can be achieved under the use of CCT transshipment technology.  
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6.6 Alternative Scenario Analysis 
 

Considering the case study as a baseline scenario, it is concluded that when introducing 

optimal route planning, the total transport cost and CO emissions are much less within 

the intermodal distribution. None of them however was found to be most effective for 

minimizing both total transport cost and emissions. For this reason, an alternative 

scenario was developed, analyzing the best set of conditions (i.e., transshipment 

technology, vehicle type and container type) that improves the feasibility of vehicle 

routing.  

From a view of the case study results, the greater feasibility of VRP within intermodal 

distributions was resulted from the road transport distance that is closely related with 

vehicle loading capacity, determining the required number of routes. Given that, an 

alternative scenario that would affect the feasibility of vehicle routing was the mixed use 

of containers – a swap body and a semi-trailer, utilizing maximum loading capacity of 

vehicle for 51EP. The alternative is then predicted to optimize the number of routes for 

27(table 17) and accordingly reduce annual travel distance for 5,849,996 km (table 18). 

 

Table 17 VRP setting for alternative scenario 

 Freight Volume 
(EP/day) 

Number of Routes required 
2SB 1ST 1SB+1ST 

Rosersberg 0 0 0 0 
Gävle 51 2 2 1 
Sundsvall 360 10 11 7 
Örnsköldsvik 47 2 1 1 
Umeå 936 26 28 18 
Total 1394 40 42 27 
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7 Conclusion and Future Research 
 

This study provided theories and methodologies that have managed to fulfil the ultimate 

goal of evaluating the feasibility of optimal intermodal routing planning regarding cost 

and emissions. As a way of the evaluation, the intermodal distribution holding an 

integrated problem of LAP and VRP was chosen for a case to be studied. Hence, the 

decomposition heuristics method was applied to solve the LRP, sequentially optimizing 

facility locations and distribution routes within the study area.  

As a result, the case study provided an insight of integrating vehicle routing models with 

location models and the problem solutions as a way of reducing total travel distance 

therefore enhancing the feasibility of vehicle routing regarding the performance 

indicators.  

Consider as baseline scenario, the case study concluded that, when conducting vehicle 

routing, the total transport cost and CO emissions are much less within the intermodal 

distribution scenarios than the unimodal road distribution. Furthermore, according to 

the feasibility comparison of the intermodal distributions scenarios, it was suggested 

that under the use certain transshipment technology and container type more 

significant reductions can be achieved. 

However, none of the intermodal distribution scenario was found to be most efficient in 

terms of both cost and emissions. The alternative scenario was then developed such that 

minimizes both of them. The result implied that the alternative scenario makes an even 

better performance when adopting the mixed use of container types; swap body and 

semi-trailer, and the innovative transshipment technology; CCT due to the maximum 

utilization of vehicle loading capacity and the lowest cost for transshipment. 

A further step on this work is to evaluate the feasibility of simultaneously optimizing 

facility location and vehicle routes, contrary to the decomposition method, which solves 

each sub-problem in a sequential manner due to the complexity of the LRP. However, 

such method has a limitation that it may not account for trade-offs between location and 

routing factors at the same decision level. Given that a weight method can be a solution 
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that assign s weights on which reflect the relative importance to decision variables (i.e., 

cost, emissions etc.) in a decision maker’s opinion.  

Another future research in line of this thesis is the integration of VRP with real-time 

traffic information, dealing with dynamic changes, such as emergence of new demand, 

canceled demand, and traffic congestion through insertion heuristics and tabu search. 

With the help of modeling such dynamic VRPs, the main operational system can be kept 

updated on real-time basis and instantly improve solutions, providing the quickest 

distribution routes to shippers.  
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