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Abstract 
 

The global trend of urbanization is evident and also valid in Sweden and for the Stockholm-
Mälaren region, also referred to as the Mälaren valley, a region consisting of metropolitan 
Stockholm and areas around the lake of Mälaren. In this context, efficient urban freight 
transportation has emerged as essential for sustainable development of urban areas. 
Geographic regions are being expanded due to the fact that rapid transport options have 
expanded the range of action of people and businesses. Metropolitan regions require freight 
transports that are often categorized by an inflow of consumables and an outflow of waste and 
recyclable material. Within urban areas there are ports, terminals and storage facilities that 
require incoming and outgoing transport. Altogether, these shipments have led to increased 
congestion on the road network within urban areas, which is a contributing factor to why a 
shift to intermodal land transports have been advocated both in Europe and in Sweden, thus 
encouraging more freight to be moved from road to rail. Another contributing factor is the 
relatively low impact on the environment generated by rail transportation. Efficient use of 
resources and low emissions of greenhouse gases are factors that are in favor of the train as a 
transport mode.  

Furthermore, conventional rail freight is commonly competitive on long distances and in end-
point relations between two nodes. However, an intermodal liner train, as a transport system 
for freight differs from conventional rail freight transport systems, as it similar to a passenger 
train makes stops along the route for loading and unloading. Due to the stops made at 
intermediate stations it enables the coverage of a larger market area. For regional or inter-
regional relations, the concept has the potential of reducing drayage by truck to and from 
intermodal terminals and to make rail freight competitive also over medium and short 
distances.  

The main aim of this thesis project has been to analyze under which conditions a combined 
transport system with the railway as a base can be implemented in the Stockholm-Mälaren 
region. Based on a case study for a shipper distributing daily consumables in the region, the 
feasibility of creating a regional rail freight transport system has been evaluated.  

This study provides a methodology for evaluating the feasibility, regarding costs and 
emissions, of concepts and technologies within freight transportation chains. This has been 
accomplished by the development of a cost modal, Intermodal Transport Cost Model (ITCM). 
From the results of the case study one can conclude that a regional rail based intermodal 
transport system regarding costs is on the threshold of feasibility in the studied region. As for 
emissions, all evaluated intermodal transport chains contribute to a significant decrease in 
CO2 emissions compared to unimodal road haulage. The loading space utilization of the train 
and the transshipment cost are the most critical parameters. The latter restricting the 
competitiveness of intermodal services to long distances as it is not proportional to 
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transported distance but rather to the utilization rate of resources. Hence, the concept of cost-
efficient small scale (CESS) terminals is introduced in this study.  

A main prerequisite in order to make the intermodal liner train efficient is a stable and 
balanced flow of goods with optimized loading space utilization along the route. As the 
objective is to consolidate small flows, imbalances along the route will constitute an obstacle 
for the liner train to be competitive. Thus regarding loading space utilization it is necessary to 
consolidate other freight flows in the train in order to achieve high loading space utilization 
and a balanced flow along the route. The third parameter which is critical for the results are 
the fuel prices, where a sensitivity analysis of the results shows that if diesel prices would 
increase so would the feasibility of the intermodal option. The same is also valid for train 
length increase as long as the loading space utilization is maintained.  

The results of the feasibility study indicate that the evaluated transshipment technologies are 
closing the gap for intermodal transport to unimodal road haulage regarding transport cost 
over short- and medium distances and that they contribute to a substantial reduction of CO2 
emissions. However, it is essential that also the transport quality is ensured, especially 
regarding reliability and punctuality. Thus a demonstration project is recommended as these 
aspects require operational testing. This is particularly crucial regarding novel transshipment 
technologies.  
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Sammanfattning 
 

Den globala urbaniseringen visar en tydlig uppåtgående trend som gäller även för Sverige och 
Stockholm-Mälaren regionen, även kallad Mälardalen. I detta sammanhang framstår effektiva 
urbana godstransporter direkt avgörande för en hållbar utveckling av storstadsregioner. 
Geografiska områden har expanderats då snabba transportalternativ har utökat 
verksamhetsområden för människor och företag. Storstadsregioner kräver godstransporter 
som ofta kategoriseras av ett inflöde av förbrukningsvaror och ett utflöde av avfall och 
återvinningsbart material. Inom storstadsregioner återfinns hamnar, terminaler och lager som 
behöver inkommande och utgående transporter. Sammantaget har dessa transporter lett till en 
ökad trängsel på vägnätet, vilket är en bidragande faktor till varför en övergång till 
kombitransporter har förespråkats både i Europa och i Sverige, vilket i sin tur skulle bidra till 
att mer gods flyttas från väg till järnväg. En annan bidragande faktor är den relativt låga 
miljöpåverkan som genereras av järnvägstransporter. Effektiv användning av resurser och 
låga utsläpp av växthusgaser är faktorer som talar till fördel för tåget som transportmedel. 

Konventionella godstransporter på järnväg är oftast konkurrenskraftiga på långa avstånd och i 
ändpunktsrelationer mellan två noder. Men ett intermodalt linjetåg skiljer sig som ett 
transportsystem för gods från konventionella godstransporter på järnväg då det likt ett 
persontåg gör stopp längs vägen på mellanliggande stationer för lastning och lossning. På 
grund av stoppen på de mellanliggande stationerna möjliggörs täckning av ett större 
marknadsområde. Dessutom har konceptet potential att minska matartransporter med lastbil 
till och från kombiterminaler samt att bidra till att göra järnvägstransporter konkurrenskraftiga 
även på medellånga och korta avstånd.  

Det huvudsakliga syftet med detta arbete har varit att analysera under vilka förutsättningar 
som ett regionalt kombitransportsystem kan etableras i Mälardalen. Baserat på en fallstudie 
för en grossist av dagligvaror med distribution i Mälardalen, har möjligheten att skapa ett 
regionalt kombitransportsystem utvärderats.  

En metod har utvecklats för att utvärdera kostnader och utsläpp för olika omlastningssystem 
och transportkedjor, vilket har åstadkommits genom att utveckla en kostnadsmodell, 
Intermodal Transport Cost Model (ITCM). Av resultaten från fallstudien kan man dra 
slutsatsen att ett regionalt järnvägsbaserat intermodalt transportsystem är på gränsen till att 
vara ekonomiskt konkurrenskraftig i den studerade regionen. Beträffande utsläpp, bidrar 
samtliga utvärderade intermodala transportkedjor till en betydande minskning av CO2-utsläpp. 
Omlastningskostnaden och tågets beläggningsgrad är de mest avgörande parametrarna för 
resultaten. Det förstnämnda begränsar konkurrenskraften för kombitransporter till långa 
avstånd och storskaliga godsvolymer och av den anledningen introduceras i denna studie 
konceptet kostnadseffektiva och småskaliga terminaler (CESS terminals).  
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En viktig förutsättning för att det intermodala linjetåget ska vara effektivt är ett stabilt och 
balanserat flöde av varor med en optimerad beläggningsgrad av tåget längs linjenätet. Då 
målet är att konsolidera mindre flöden, kommer obalanser längs vägen att utgöra ett hinder för 
linjetågets konkurrenskraft. Således är det nödvändigt att konsolidera andra godsflöden i tåget 
för att uppnå en hög och balanserad beläggningsgrad av tåget. Den tredje parametern som är 
avgörande för resultaten är bränslepriserna, där en känslighetsanalys av resultaten visar att om 
dieselpriset skulle öka skulle även konkurrenskraften för de intermodala alternativen öka. 
Detsamma gäller även för ökning av tåglängden, så länge som beläggningsgraden av tåget 
bibehålls. 

Resultatet av fallstudien visar att de utvärderade omlastningsteknikerna bidrar till att minska 
den ekonomiska klyftan mellan kombitransporter och direkta vägtransporter samt till en 
betydande minskning av CO2-utsläpp. Det är dock viktigt att även transportkvalitet 
säkerställs, i synnerhet när det gäller tillförlitlighet och punktlighet. Således rekommenderas 
ett demonstrationsprojekt för att utvärdera dessa aspekter. Detta är särskilt viktigt när det 
gäller ny omlastningsteknik. 
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1  Introduction 
This thesis aims to examine the feasibility of a regional intermodal freight transport system 
applied as a case study for the Stockholm-Mälaren region. The feasibility is evaluated with 
respect to costs and emissions, which are influenced by social as well as technological 
components of the transport system. 

 

1.1  Background 
The global trend of urbanization is evident and in 2007 it was estimated that the urban 
population worldwide became larger than the rural and in Sweden 85% of the population 
lived in urban areas (UN, 2009). This has led to congestion and negative environmental 
impact within urban areas and the problem is not going to decrease as the urban population 
most certainly will continue to grow.  Estimates show that this trend is also valid in Sweden 
and in the region of the Stockholm-Mälaren region, also referred to as the Mälaren valley, a 
region consisting of metropolitan Stockholm and areas around the lake of Mälaren.  

In this context, efficient urban freight transportation has emerged as essential for sustainable 
development of urban areas. Geographic regions are being expanded due to the fact that rapid 
options for transportation have expanded the range of action of people and businesses. 
Metropolitan regions require freight transports that are often categorized by an inflow of food 
and consumer goods and an outflow of waste and recycled materials that cannot always be 
taken care of locally. Within urban areas there are ports, terminals and storage facilities that 
require incoming and outgoing transport. Altogether, these shipments have led to increased 
congestion on the road network within urban areas, which is a contributing factor to why a 
shift to intermodal land transports have been advocated both in Europe and in Sweden, thus 
encouraging more freight to be moved from road to rail. Another contributing factor why rail 
freight transports have been advocated is the relatively low environment impact. Efficient use 
of resources and low emissions of greenhouse gases are factors that are in favor of the train as 
a transport mode.  

Furthermore, conventional rail freight is commonly competitive on long distances and in end-
point relations between two nodes. However, an intermodal liner train, as a transport system 
for freight differs from conventional rail freight systems, as it similar to a passenger train 
makes stops along the route for loading and unloading. Due to the frequent stops made at 
intermediate stations it enables a larger market area being covered by rail in a combined 
transport system. For regional or inter-regional relations, the concept has the potential of 
replacing drayage by truck to and from intermodal terminals and making rail freight 
competitive also over medium and short distances. Hence, the liner train may enable rail 
freight transport to enter new market segments and to gain further market shares. However, as 
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the transshipment cost in an intermodal transport chain is not proportional to the transported 
distance; efficient transshipment technology is a prerequisite. 

The notion of transshipment involves the shipment of goods from an origin to an intermediate 
destination, and from there to another destination. Transshipment of freight is a common 
prerequisite in order to make unimodal transports more efficient, and operationalizes in 
terminals or hubs where the freight is consolidated or deconsolidated. Another reason for 
transshipment is to change the means of transport during the journey e.g. from rail to road 
(Rodrigue et a1., 2009). Multimodal transport, as illustrated by figure 1, is the most general 
term when referring to the carriage of goods by at least two modes. The notion of intermodal 
transport involves the movement of goods in the shape of standardized loading units (LU) i.e. 
containers, semi-trailers (ST) and swap-bodies (SB), which are transferred between at least 
two modes - without handling the goods as such. The term combined transport is the most 
specific definition, as it is a type of intermodal transport where the major part of the journey is 
by rail, inland waterways or sea and any initial and/or final legs carried out by road are as 
short as possible (UN/EC, 2001).  

 
Figure 1. The function of transshipment in freight transport networks. 

 

1.2 Aim and Research Objectives  
The main aim of this thesis project has been to analyze under which conditions a combined 
transport system with the railway as a base can be implemented in the Stockholm-Mälaren 
region. Based on a case study the feasibility of creating a regional rail freight transport system 
has been evaluated. In the region there are various nodes for freight transportation e.g. ports, 
warehouses, intermodal terminals and recycling facilities. The main objective of this project 
has been to generate a proposal to connect a number of suitable nodes with a liner train 
system. In order to suggest an efficient system, suitable technologies have been explored as 
well as other ways to achieve low costs and levels of emissions. The aim was to design an 
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environmentally sustainable transport system with a large share of the railway and low usage 
of fossil fuels. Energy consumption and emissions have been analyzed for different 
intermodal systems and compared with unimodal road haulage. Some further objectives were 
to investigate the market and the corresponding demand, decide appropriate terminal locations 
and to estimate the transport economics required. 

The project has had the aim to visualize and describe terminals and freight flows in the region 
that could potentially be included in an intermodal transport system. The critical question is 
under which conditions an intermodal system with the railway as a base can be competitive in 
a market with relatively short distances where road haulage is almost exclusively used. The 
project has also provided opportunities to develop a cost model as well as apply models 
developed in parallel or previous projects.  

The following questions were listed at the initial phase of the project and attempted to be 
answered during the course of the project. 

Does a market exist for the system? 

• Are customers interested in using regional combined transport? 

• Where are the greatest needs and how can they be combined? 

Can an efficient system be implemented? 

• Is it possible with the existing terminal technology and train systems? 

• Or does it require development of new technologies and systems? 

• Can the system be competitive against the prevailing market prices?  

How can the system be designed in order to achieve minimal environmental impact? 

• Can transshipment and traction technologies with low-emission propulsion systems 
and fuels be used? 

 

1.3  Methodology 
The methodology used, mainly in the initial phase of the study, is of a descriptive nature i.e. 
for areas where a sufficient amount of knowledge already exists. These descriptions may be 
circumstances that have already taken place or currently exist, such as knowledge related to 
the concept of intermodal liner trains and existing transshipment technologies for standardized 
loading units. The methodology is also partly of an exploratory nature, an approach applied 
when there is lack of knowledge that are considered necessary for moving forward in the 
study. Hence, knowledge is gathered concerning these areas within the studied field i.e. 
intermodal road/rail freight transport in an urban context, over short and medium distances. 
Both qualitative and quantitative methods have been used in order to evaluate the feasibility 
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of an intermodal transport system in the Stockholm-Mälaren region. Albeit some methods 
contain both quantitative and qualitative elements, they have been separated in these 
categories for the sake of clarity.   

 

1.3.1 Qualitative Methods 

A literature review has been conducted in order to learn from previous works and gather the 
knowledge considered necessary. Thereafter an inventory of the transport generating activities 
in the region was carried out e.g. terminals, ports, warehouses, distribution and recycling 
facilities. The starting point was terminals for freight transported to and from the region and 
distribution centers that are used internally within the region. The method was to use ports 
and the major carriers' terminals, primary distribution centers and through corporate and 
employment registries search for smaller facilities. The market analysis was supplemented 
with interviews with stakeholders. The methods categorized as qualitative are the following: 

• Literature review 

• Market analysis for regional intermodal transports in the region – past, now and future 

• Inventory of transport generating activities in the region 

• Interviews with stakeholders; shippers, service providers, operators, governing 
authorities etc. 

 

1.3.2 Quantitative Methods 

Freight flows in the region have been analyzed and a set of suitable transfer nodes for the train 
has been outlined; of which some can be located next to major freight terminals and others 
located independently at sidings along the route. Subsequently a liner train system between 
potential transfer nodes has been outlined; where the train will serve as a conveyor belt for 
distribution and transportation in the region. 

A cost estimate has been conducted for the transport system, including feeder transports by 
trucks to and from transfer nodes, which has been accomplished by the development of a cost 
modal, Intermodal Transport Cost Model (ITCM). The intention has been to identify the most 
essential variables influencing the feasibility of implementing such a system and find break-
even points compared to unimodal road haulage concerning these variables. The results could 
also indicate a need for improved efficiency of current systems and technologies in order to 
make the system viable. As minimum quantities of goods are required in order to make freight 
transport systems competitive there ought to be economies of scale that could be achieved, 
albeit also qualitative requirements from shippers have to be fulfilled. The limit for the 
viability of the system could also be shifted as a result of higher costs for road haulage; 
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through higher energy and climate costs, road and congestion charges. A sensitivity analysis 
has been conducted for the most significant variables.  

The total energy consumption and emissions for the liner train system has been estimated and 
compared with unimodal road haulage. The estimation concerns the environmental and 
climate effects of different types of distribution vehicles, terminal equipment and traction 
types. The aim has been to design the system so that it causes minimal environmental impact. 
The methods categorized as quantitative are the following: 

• Analysis of potential freight flows  

• Routing and scheduling 

• Transport economics 

- Cost estimate for haulage i.e. the rail haulage and feeder transport by road 

- Cost estimate for terminal handling    

• Estimation of emissions and energy consumption 

• Sensitivity analysis: 

- Identification of essential variables e.g. transport distance and train loading 
space utilization. Estimation of break-even points versus unimodal road 
haulage. 

 

1.4  Delimitation 
The Stockholm-Mälaren region (in Swedish “Mälardalen”) includes the counties of 
Stockholm, Uppsala, Västmanland, Södermanland and in some cases also Örebro, 
Östergötland and Gävleborg. The distinction is not completely clear-cut and the latter three 
counties are not always included as parts of the region, albeit they are included in this project. 
This study considers only freight flows to, from and within this region. 

 

1.5 Papers and Reports included in This Thesis 
 

1.5.1 Paper I: 

The purpose of this paper is to identify and qualitatively evaluate the opportunities, 
limitations and prerequisites that are associated with intermodal liner trains within urbanized 
regions. As the Liner train makes stops at intermediate stations along the route, it enables 
covering a larger market area than conventional rail freight systems do. The Liner train aims 
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to increase the proportion of rail in intermodal road-rail transport; hence it can reduce the high 
cost that feeder transports by trucks constitute, the congestion on the road network and the 
external costs generated by road transport. However, there are several prerequisites that need 
to be fulfilled in order to get the liner train system competitive on short and medium distances 
e.g. optimized loading utilization along the route and efficient transshipment at terminals. 
Although the concept is quite untested, an example of a liner train system, the Light Combi, 
will be presented. 

 

1.5.2 Paper II: 

When considering a shift in transport chain design, from a shipper’s perspective, a holistic 
view on the logistics processes is a prerequisite in order to avoid sub-optimization on 
transport costs. This paper initially deals with the optimization of the logistics system, 
followed by the main part of the study concerning the estimation of intermodal transport 
costs. A cost model is presented, Intermodal Transport Cost Model, ITCM, constituting of 
three integrated cost modules; Rail operations, Road haulage and Terminal handling. As a 
result of the study the model is applied on a set of transport chain designs in order to 
investigate the competitiveness of combined rail road transport. As the operational 
transloading cost is commonly an obstacle for the competiveness of combined road rail 
transport, at least on short and medium distances, the emphasis is put on reducing this cost. 
Two main approaches are identified; firstly by strategically minimizing the number of 
intermodal transloading points in relation to transshipment points for unimodal road haulage, 
e.g. in maritime and some urban freight flows. Secondly, by using more cost-efficient 
transshipment technologies. Conventional transloading terminals are not suited for all freight 
volumes and there is a need for cost-efficient small-scale intermodals terminals, CESS 
terminals. The concept of CESS terminals is presented and their impact on transport costs 
evaluated. 

 

1.5.3 Paper III: 

This study aims to model a regional rail-based intermodal system and to examine the 
feasibility of it, through a case study for a shipper of daily consumables, distributing in an 
urban area, and to evaluate it regarding cost and emissions. The idea of an intermodal line 
train is that of making intermediate stops along its route thus enabling the coverage of a larger 
market area than conventional intermodal services, hence reducing the high cost associated 
with feeder transports, the congestion on the road network and generated externalities. The 
results of the case study indicate that the most critical parameters for the feasibility of such a 
system are the loading space utilization of the train and the cost for terminal handling 
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1.5.4 Other Related Reports 

"Market for regional intermodal transportation in the Stockholm-Mälaren region – a working 
report within the research project "Regional intermodal transport system in the Stockholm-
Mälaren region.", (”Marknad för regional kombitrafik i Mälardalen- en delrapport inom 
forskningsprojektet ”Regionalt kombitransportsystem i Mälardalen”), Kordnejad, B., 2012 

This report aims to generate alternatives for a regional rail route in an intermodal transport 
system in the Stockholm-Mälaren region. Accomplishing this task requires a description of 
the current market for regional intermodal transports and to identify existing needs of 
connections within the regional freight transport market. Connections that could potentially be 
linked by a liner train system. 

 

1.6 Main Results 
During the process of this licentiate thesis project the contemplated transport system have 
been examined in a bi-sectional manner; firstly, regarding the social components of the 
system, referred to as “the market”, mainly dealing with potential stakeholders and their 
requirements, secondly, also the technical components of the system have been analyzed e.g. 
suitable transshipment technologies and vehicle types, routing and scheduling. The results for 
these two categories are described according to historical development, current situation and 
future development i.e. trends for the market and technological trajectories for the system. 
The results are summarized at the end of this chapter in figure 14. 

 

1.6.1 Past Development (1990-2011) 

 The Market 1.6.1.1

From 1990 wagonload traffic in the region declined gradually to a minimum until year 2000. 
The main reasons were changes in the industrial structure and increased competition from 
trucks. Under the pressure of exploitation, production plants and warehouses moved further 
out from Greater Stockholm area to more remote locations in the Stockholm-Mälaren region. 
Moreover, a considerable share of industrial tracks was closed down and the possibilities to 
transport directly by rail through the capillary rail infrastructure gradually diminished. The 
increased competition from road haulage, despite increasing fossil fuel prices, consisted of 
new inexpensive European road operators entering the Swedish market and as a result the 
market share of road haulage has increased considerably during this period, as illustrated by 
figure 2. 
 
After 2000, the downward trend of rail freight transports began to shift slightly. Especially 
unit trains and intermodal transports increased and some completely new transport system by 
rail emerged. It was largely due to the deregulation, as more operators were now available, as 
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well as to the increased environmental awareness of shippers who were demanding more 
sustainable transport chains. New intermodal terminals have been established in the region 
and even some new industrial tracks have been built. Some shippers have made a conscious 
investment by shifting to rail and adapted their facilities and logistics system accordingly. 
However, the winters of 2010 and 2011 caused immense operational disturbances for the 
national rail network and as a result shippers’ confidence for the reliability and punctuality of 
the railways decreased.   

 
Figure 2. Modal share in the Swedish freight transportation market (Nelldal, 2013). 

 

 The Technological System 1.6.1.2

The most significant development for intermodal transports was the birth of the shipping 
container, which during mid-1950’s started a revolutionary movement for global business 
referred to as containerization (Levinson, 2006). The standardized metallic cargo carrier, 
enabled transportation to become much more efficient than previously, which meant reduction 
of transportation costs and expansion of the world market, where production of goods 
commonly moved to places with lowest production costs. The modes’ requirements on an 
intermodal loading unit vary as illustrated with the following points (Bark & Skoglund, 
2009):  

Maritime: 
• Ability to top lift 
• Stackability 
• Standardized external formats 

 
Road: 

• Within valid dimensions and gross weight regulations for road vehicles 
• Be able to load and unload Loading units directly to/from road vehicles  
• Low tare weight due to weight regulations 
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Railway: 
• Within loading gauge  
• Optimal utilization of axle-load limitations of wagons 

 
The requirements put by maritime transport makes the container the ideal loading unit, where 
those put by road transportation have had the effect that two other types of standardized 
loading units have been introduced; the semi-trailer (ST) and the swap-body (SB). These 
loading units are dimensioned according to the European Modular System (EMS) so that they 
can accommodate the maximum amount of EU-pallets and adapted two various road vehicle 
combinations. No standardized loading unit has been developed purely for meeting the 
requirements of the railways, thus making the handling of loading units within rail-based 
intermodal operations relatively cumbersome and complicated e.g. during the transshipment 
process; especially in electrified rail networks.  

 

 

    
 

Figure 3. The standardized loading units from left: Container, Semi-trailer and Swap-body. 

 
Intermodal rail-based freight transport can be categorized as international, national and 
regional traffic. International European and long-distance national transports are the 
categories where intermodal transports are the most competitive and enjoy the highest market 
share in the Swedish freight market. This is mainly due to the fact that the transshipment cost 
of loading units is not proportional to the transported distance; hence the competitiveness of 
regional intermodal transports is restricted to long-distance operations.  
 
However, there are aspects of the containerization of maritime flows that have created a 
favorable situation for national rail-based intermodal transports e.g. that feeder transports 
going on road from/to ports also require transshipment at ports and the fact that the railways 
can utilize economies of scale to a higher degree as high volumes of freight are concentrated 
to ports.  In Sweden, the Port of Gothenburg is a good example of maritime-rail transports, 
where a network of rail shuttles to a number of dry ports has been established during the last 
decade, as illustrated by figure 4. 
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Figure 4. The rail shuttle network of Port of Gothenburg (source: Port of Gothenburg) 

The conventional transshipment technologies used for transferring LUs between modes are 
Gantry cranes and Reach-stackers. These types of terminals require high investment costs and 
utilization rate in order to achieve efficiency; hence they constitute a contributing factor that 
has restricted combined transports’ competitiveness to not only long distances but also to high 
volume operations.  

A number of other transshipment technologies have been developed during the last decades. 
One example is the Light-combi concept, which is one of few implemented examples of 
intermodal liner freight trains. In 1995 the national rail operator of that time, SJ, started to 
develop the Light-combi concept. The concept originating from the intermodal liner trains 
operated by Japan National Railways (now JR Freight), which was an intermodal transport 
system based on forklift trucks used for transshipment of customized containers under the 
catenary. During 1998-2001 the Light-combi concept was implemented as a pilot project, 
Dalkullan, (The Dalecarlian Girl), for transports between the wholesaler Dagab and the 
retailer Hemköp, both part of the same corporate group, Axfood. The transports consisted of 
distribution of goods from Dagab's central warehouse in Borlänge to 37 of Hemköp’s 100 
stores. In April 2001 the project was abruptly ended and in Bärthel & Woxenius (2003), the 
authors examine if the reasons behind the closure were due to technical, logistical, financial or 
other deficiencies in the system.  The results show that Dalkullan proved that the concept of 
Light-combi worked well both technically and logistically. Technically, the locomotive 
drivers were positive towards their additional task of loading/unloading swap bodies using a 
forklift. Furthermore, the transfer of swap bodies under the catenary, owing to the simple and 
conventional technology of forklifts, worked well. Also logistically the system functioned 
well, consisting of a schedule with intermediate stops, about 15-30 minutes each, at 
unmanned terminals for overnight shipments over medium-and long-range distance. The 
authors conclude that the closure of the project was largely due to organizational and business 
related factors. The marketing was inadequate and insufficient volumes were generated. In 
2001 SJ was split in two, SJ offered services for passenger traffic and Green Cargo (GC) for 
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freight. In order to achieve competitiveness, GC began a process of rationalization and cost 
cutting and they focused their core operations on wagonload traffic and unit train services.  

    
Figure 5. (Left): The Reach-stacker, a conventional technology used for transshipment of loading 
units at intermodal terminals (source: Coop). (Right): The Light-combi concept (source: Axfood). 

 

1.6.2 Present Situation 

 The Market 1.6.2.1

The market for intermodal transports has increased slightly but steadily during the last decade 
as described in the previous chapter, one reason being due to the decrease of traditional 
wagonload traffic and another being that shipper’s demand for sustainable and intermodal 
transports has increased. The main reasons for the latter are bi-sectional; firstly that end-users 
are more aware of the environmental aspects of transports, hence sustainable transportation 
have become a tool for competition and marketing. Secondly due to major urban congestion 
problems and limited road vehicle dimensions in the city of Stockholm, shippers of daily 
consumables (see figure 6) have shown interest for the conceptual idea of this thesis i.e. 
intermodal distribution in urban freight. Also the Ports of Stockholm has shown interest for 
this project, mainly as they have plans for constructing a new container port in 
Nynäshamn/Norvik (see figure 6).  

  
Figure 6 (Left) The location of distribution centers of the three largest wholesalers of daily 
consumables in the Swedish market. (Right) Freight ports in the region, where the planned port in 
Nynäshamn/Norvik is coloured yellow. 
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Figure 7 illustrates the major freight flows in the region that have been identified and named. 
Four out of six corridors are bound for Stockholm city, contributing to the congestion on the 
road network, in and around Stockholm city.  

 
Figure 7. The major freight flows in the region. 

1. The freight corridor through Bergslagen via Hallsberg 
The freight corridor goes through Bergslagen via Örebro and Hallsberg to Mjölby. The 
corridor is part of the national freight rail corridor and it is also the region's busiest rail freight 
route. Freight flows on the road not is not nearly as dominant as those on rail. National rail 
yard in Hallsberg is one of major hubs in the Swedish rail network. Combined transport is 
more extensive in the southern part of the corridor up to Hallsberg. 
 
2. The Mälar Corridor 
The corridor runs from Hallsberg via Örebro, Västerås and Enköping to Stockholm, and is an 
important freight route for road transports from western Sweden and Mälardalen towards 
Stockholm. A considerable share of the transports is carried out by loading units. (See figure 
5). Rail freight is not as extensive. 
 
3. The Svealand Corridor  
Freight flows on the railways in Mälardalen to Stockholm occupy the Svealand corridor, 
south of the lake of Mälaren, much more than on the northern side of the lake; the Mälar 
corridor. The Svealand corridor goes on the Western main line through Hallsberg, Flen, 
connected to the Svealand line at Eskilstuna alternatively Södertälje, and towards Stockholm. 
A considerable amount of loading units is transported in the corridor, mainly from the west 
and south, both on rail and road. 
 
4. The L-corridor 
The L-corridor goes between Norrköping and Oxelösund in the south, via Eskilstuna and 
Västerås to northern Sweden. For rail freight transport, the corridor is an important route for 
unit trains between Oxelösund and Borlänge. Freight flows of loading units are not 
particularly extensive on rail. The same applies for road transports, yet it is an important road 
routes with two road connections over the lake of Mälaren. 
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5. The E4 - Southern Corridor 
The E4 south corridor runs through Linköping, Norrköping, Nyköping and Södertälje to 
Stockholm, and it is the region’s busiest freight route on the roadside and part of an important 
national road route from southern Sweden, via Stockholm towards northern Sweden. The 
main route on rail goes Norrkoping - Katrineholm - Södertalje, why freight flows on rail 
going Norrkoping - Nyköping - Södertalje is not very extensive. Furthermore, the capacity of 
the rail system is constrained between Linköping and Norrköping in this corridor. 
 
6. The E4 - Northern Corridor 
The Northern E4 corridor goes from Stockholm, Uppsala through up to Gävle and northern 
Sweden. The corridor is an important freight route especially on road. Freight flows are not as 
extensive as in the southern corridor as a large share of the flows to the region from south 
have their destination point in Stockholm. Rail freight side is relatively extensive as well as 
transports of loading units. The corridor can possibly get more freight flows on rail when the 
intermodal terminal in Rosersberg is opened and the line Ostkustbanan is strengthened. 

In order to visualize the rail freight flows in the region going by rail; figure 8 illustrates the 
number of freight trains per day on the Swedish rail network in 2010. Figure 8 highlights the 
freight corridor through Bergslagen via Hallsberg, which is divided into two separate flows; 
one towards Gothenburg to the west and the other towards Malmö to the South. The figure 
also illustrates the low number of freight trains on the Svealand line and Mälar line, south 
respectively north of the lake of Mälaren, where currently a large share of the freight flows is 
transported in loading units and by road. 
 

 

Figure 8. Number of freight trains per day on the Swedish rail network in 2010 (Nelldal, 2012). 
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 The Technological System 1.6.2.2

There are several factors associated with large-scale conventional intermodal terminals based 
on gantry-cranes or heavy reach-stackers that make them unsuitable for all freight flows and 
thus limit the competitiveness for combined rail road transport. Albeit the operational 
marginal transloading cost achieved may be relatively low, a main obstacle for intermodal 
transport is still the associated transshipment cost, as the transshipment cost is not 
proportional to transported distance and conventional intermodal terminals require high 
investment costs and high utilization rate in order to achieve efficiency. Some of the 
underlying reasons for the inefficiency of conventional intermodal terminals are: 

• Terminals are designed for the heaviest LUs i.e. semi-trailers and heavy containers 
• They require large areas that need to be hardened for high axle loads 

• Majority of semi-trailers can still not be transloaded using conventional 
transshipment technologies i.e. there are not lift on- lift off (LOLO) trailers. 

• In electrified rail networks, many terminals are not fully electrified – thus 
requiring additional diesel driven shunting engines and time-consuming shunting 
movements where track capacity is limited.  

• Limited flexibility in time as opening hours are limited. 

• The number of intermodal terminals is commonly scarce and their network 
unorganized as competition between the terminals prevails for attracting the 
freight flows. 
 

Hence, there is a need also for cost-efficient small-scale intermodals terminals - CESS 
terminals, and for operationally utilizing cost-efficient transloading technologies. A number 
of transshipment technologies have been developed in recent decades, both horizontal and 
vertical. Horizontal technologies enable transshipment under the catenary and require less 
force, on the other hand they often require customization of the unit loads or chassis and can 
be technically complex. Three of the most promising technologies are evaluated in this study. 
The choice of transshipment technologies are based on the following criteria: 

• The technology must allow loading / unloading under the catenary at sidings 
during the route.  

• It must be time-and cost-effective. 

• It must be enable transshipment on both small and large terminals 
• It should allow for fully automatic loading / unloading. 

• The train and the truck should be time independent 
 
The concept of CESS terminals originates from the previously implemented and evaluated 
Light-Combi concept. A main limitation of that concept is that forklift trucks can only handle 
customized 20-foot containers and swap-bodies and not semi-trailers and larger containers i.e. 
40-foot containers and larger. Utilizing forklift-trucks for transloading, albeit cheap and 
simple, composes certain restrictions as well e.g. limited weight/size lifting capability and 
requiring customization on the LU i.e. forklift tunnels. The concept of CESS-terminals – 
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broadens the previous notion as forklifts are not the sole technology considered. Novel wagon 
technologies and innovations e.g. the Megaswing wagon (1) can also be regarded as candidate 
technologies as they enable transloading on sidings under the catenary without any additional 
transloading equipment, thus overcoming the problems associated with conventional 
terminals. The wagons are designed for semi-trailers; a similar but non-electrified wagon 
(Sgnss) exists for swap bodies. Consequently the market for combined land transport can be 
broadened as more standardized loading units can be transloaded. However, the rail 
investment cost increases as the wagons are more costly than conventional intermodal 
wagons. Moreover, containers cannot be transloaded with the transshipment technology of the 
wagon. Another technology that could potentially be used in CESS-terminals is CarConTrain 
(CCT) – a horizontal transshipment technology consisting of hydraulic poles on which LUs 
are placed during the transloading process (Nelldal et al., 2011). Hence, the transfer between 
modes does not have to be synchronized, offering a higher degree of operational flexibility. 
The system is still at a development stage and is designed for handling all types of LUs, 
however the system requires customization on truck and wagon chassis as well as a sliding 
transfer unit. 

   
Figure 9. (From left): The Megaswing wagon and the CCT system. 

1.6.2.2.1 Transfer Nodes 

Terminals are defined in this study as nodes where there currently is a high concentration of 
loading units as well as a possibility to transfer between different modes and railway e.g. 
intermodal terminals, ports, certain large warehouses and distribution centers. The intermodal 
terminals in the region can be described according to three main characteristics: actor 
structure, type of goods handled and location. Regarding "Actor Structure", there are two 
basic functions that are central in an organizational model for a terminal: ownership and 
operations. These functions can in principle be fulfilled by the same actor where the owner is 
also responsible for the operational activities. However, it is a common practice to appoint a 
suitable operator through a tender. For example Jernhusen’s intermodal terminals throughout 
Sweden are run by different operators. The terminals are also mapped regarding handled 
goods i.e. the types of shipments received and departed at the terminal. Operational capacity 
and quantitative results, commonly in the form of the number of handled units, are gathered 
where the information is available and most up to date. “Location" deals with the geographic 
location of the terminal and its’ proximity to major transport intensive areas as well as the 
road and rail network. Figure 10 illustrates the public intermodal terminals in the region 
(coloured  green), corporate intermodal terminals (coloured blue) and intermodal terminals 
that are planned to be built in the region (coloured yellow). 
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Figure 10. Conventional intermodal terminals in the region.  

As discussed previously in this chapter, there is a need also for cost-efficient small-scale 
intermodals terminals - CESS terminals. There are places in the region that are suitable for 
CESS terminals, with a possible extension of sidings, storage areas and where the transfer of 
the loading units can take place between rail and road. As a part of the feasibility study of the 
Light Combi project, an inventory was made of appropriate terminal locations in Sweden 
(Johansson, 1997). Figure 11 illustrates the locations that were found to be suitable terminal 
locations in the Stockholm-Mälaren region. New and innovative terminal technologies, e.g. 
the CCT system and the Megaswing wagon presented above, enable handling of all types of 
loading units at smaller and more cost-effective transshipment terminals. Also the Light-
Combi system can be used in such terminals, provided that the transport demand consists of a 
large number of smaller loading units (20-foot containers or Swap-bodies) equipped with 
forklift pockets. The suitability of the sites was assessed according to the following criteria: 
 

1. Location relative to the rail network 
2. Location relative to the road network  
3. Location relative to the local market 
4. Availability for trucks 
5. Disturbance sensitivity of  the surroundings 
6. Technical condition of tracks (e.g. switches and length of sidings) 
7. Constructability – tracks 
8. Constructability - other land improvements  

 
Figure 11. Suitable sites for CESS-terminals in the region. 
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1.6.2.2.2 Routing and Scheduling 

An initial step for the realization of a regional intermodal transport system ought to be to 
persuade large shippers to use the system. These should tentatively be tied up with long-term 
contracts thus providing a stable base volume to the system. As the system is developed and 
stabilized, it can be expanded with multiple short-termed shippers. The large shippers should 
preferably be those who currently transport their goods to the outer edges of the region for 
further distribution by road. Hence reducing regional freight transports by trucks.   

The initial point for the design of a route for the proposed train is to link a few large terminals 
with several small intermodal terminals. Two major intermodal terminals in the west- 
respectively east-end of the regional terminal structure are Hallsberg and Stockholm South 
Årsta. These terminals are the two largest intermodal terminals in the region, as well as nodes 
in the Mälardalen- and Svealand-corridors. Linking these corridors creates a loop around the 
lake of Mälaren, why this route is referred to as "The Mälaren loop". Stops for loading and 
unloading in the loop are suggested to take place at both conventional intermodal terminals in 
the region as well as at suitable sites for CESS-terminals. The possibility to stop at additional 
sites except conventional intermodal terminals enables more relations to be covered and thus 
increases the possibility to attract more shippers. Three options for “The Mälaren loop” have 
been compared. The cycle times for the routes are calculated at the maximum speed of the 
train (STH) at 100 km/hour. The results based on the following criteria are illustrated by 
figure 12. 

The choice of terminals is based on the following criteria:  

1. There should be sufficient freight flows in the terminal and its’ surrounding area; 
either for transshipment between modes or for further transportation. 

2. The terminals should not be located too close to each other. 
3. The terminal should be favorably located relative to the rail network. 
4. The terminal should be favorably located relative to the road network. 

The generation of rail routes is based on the following criteria: 

1. The route should connect the main terminals and freight markets in the region. 
2. The route should be able to connect to both short- and long distance freight flows to, 

from and within the region. 
3. The route should allow a circulation time of approximately 12 hours, thus enabling 

two circulations per day. 
4. The route should allow the train to run operationally efficient, with minimal delays at 

entry and exit points from the terminals. 
5. The route should be possible to operate in combination with other traffic present on 

the rail network. 

As the majority of freight flows to the region have their destination point in Stockholm, 
implementing only the Mälaren loop would imply low loading space utilization of the train to 
the west of Stockholm. In order to overcome this imbalance, a shuttle train with the starting in 
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the planned container port in Norvik/Nynäshamn is proposed to complement the Mälaren 
loop. To purely run the shuttle train without implementing the loop would imply that too large 
volumes and long distances are hauled by trucks from the planned port. The shuttle train is 
planned to make stops at three conventional intermodal terminals: Port of Norvik, Stockholm 
South Årsta and the planned terminal Stockholm North Rosersberg. The complete transport 
system that is proposed i.e. rail routes and conceptual encatchment areas of terminals is 
illustrated by figure 13.  

 
Figure 12.Evaluated rail routes for the transport system. 

 

 
Figure 13. Configuration for the complete transport system; consisting of rail routes and conceptual 

encatchment areas of feeder transports on road. 
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1.6.3 Future Development 

 Coherent Plans, Paradigms and Visions for the Market 1.6.3.1

There are coherent plans, paradigms and visions that intend to influence the factors affecting 
the feasibility of the contemplated regional transport system. The visions are commonly 
similar at global, European, national and regional level, albeit with varying focal areas. At a 
global level there are two visions that can be identified; lower emissions from the transport 
sector by large and reduced congestion on the road network in urban areas.  

Regarding European transport policy, in EU’s White Paper from 2011 energy efficient 
transports and movement of goods are the areas that are emphasized. In the White Paper it is 
stated that a shift to rail transports is critical in order to achieve these objectives and the best 
way of achieving this mode shift is by increasing the competiveness of intermodal transport.  

Regarding Swedish national transport policy, efficient transport systems, regional 
development and environmental as well as health aspects of transports are the most 
emphasized areas. Concerning the plans and visions of the studied region, a regional 
development plan for the Stockholm region has been created, RUFS2010, where the focal 
areas are transport connectivity, capacity and regional environment.  

  

 Trends for the Market and Trajectories for the Technological System 1.6.3.2

Different plausible scenarios could affect the results of this feasibly study. The following are 
identified scenarios that would affect the results positively for the intermodal alternative: 

• Improved operational efficiency due to deregulation of the national rail freight market 
– more operators and competition. 

• Innovation of improved transshipment technologies. If the CCT technology is fully 
developed or if novel transshipment technologies are innovated that in addition to 
fulfilling the criteria put by CESS-terminals are less costly, more time-efficient and 
reliable and require less energy than the studied technologies. 

• Increasing fossil fuel prices, especially diesel prices, would tilt the results towards the 
intermodal alternative. The average annual real increase in national diesel prices has 
been 3,43 %/year during the period 1990-2012. (2)(3)  

• Introduction of additional fees for road haulage e.g. the German road tax MAUT. 

The following are identified scenarios that would affect the results negatively for the 
intermodal alternative: 

• Diminishing number of sidings in the region that would be suitable locations for 
CESS-terminals.  
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• Reduced energy consumption for trucks. This area has attained increased significance 
for truck producers and further development will surely take places. Introduction of 
new energy sources generating less emission is also plausible. 

• Introduction of additional fees for rail freight operator, specifically increased track 
access charges have been proposed by the Swedish transport administration. 

• Increasing electricity prices. After the deregulation of the Swedish electricity market 
in 1996 the electricity prices was about 0,25 SEK/kWh. Towards the end of the 
1990’s, the price went down to 0,10 SEK/kWh and by 2010 it had increased to just 
over 0,50 SEK/kWh. (4) The volatile shifts complicate the task of identifying a trend 
for electricity prices except that it will most probably increase in the long run. 

• Increasing emission factor of electricity.  Energy consumption and emissions in freight 
transportation do not only occur during the actual shipment. For electrically powered 
rail transport vehicles, the emissions are produced entirely in the pre-chain whereas for 
diesel powered transport vehicles, the main part of the emissions are produced during 
the transport itself. Hence, where and how the electricity is produced affects the level 
of emissions generated by transportation. As European and Nordic electricity exhibit 
higher emission factors than electricity produced in Sweden and as the European 
electricity market gets more integrated; deteriorating emissions factors of the 
electricity used in Sweden are plausible.   

• Longer road vehicle combinations, High Capacity Transports (HCT). Longer road 
vehicle combinations allowing two STs per truck are currently investigated in Sweden. 
Longer road vehicles will make unimodal road haulage more competitive and thus 
influence the intermodal option negatively. However, allowing two STs will in the 
case of CESS terminals Megaswing to some degree compensate this fact by reducing 
the feeder transports on road. 
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Figure 14 summarizes the main results from the feasibility study of the regional intermodal transport 
system. 
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1.6.4 Baseline Scenario 

Based on the case study analysis conducted in paper 3, the feasibility of creating a rail based 
intermodal transport system in the region can be quantitatively evaluated. As a way of 
evaluating such a system, freight volumes from a major actor within the Swedish consumer 
goods market have been attained. The assignment consists of the wholesaler COOP’s 
distribution of daily consumables and groceries to retail shops within the region of 
Stockholm. The shipper’s data have been applied as a case study and input for the proposed 
model ITCM, fully elaborated in paper 2. Results for the baseline scenario i.e. for the current 
market structure and existing technologies, regarding estimated transport costs using different 
transport chains and transshipment technologies, are illustrated by figure 15.  

Through sensitivity analysis of the results one can conclude that the break-even point i.e. 
when the cost for unimodal road equals the cost for intermodal transportation, when the train 
loading space utilization is set to 80%, regarding transshipment cost is 119 SEK/Semi-trailer 
(ST) when using Megaswing wagons. In the calculations of the Megaswing transport chain, 
STs are assumed to be permitted in all distribution areas in the studied region, a more precise 
approach would be to use SBs for shops located in Stockholm inner city where road vehicle 
length is limited to 12 meters. This would lead to higher transshipment costs as more loading 
units are used but to a lower road haulage cost due to longer vehicle combinations in other 
parts of the region (2 SBs instead of 1 ST). Thus the total transport would increase slightly for 
the Megaswing alternative. 

 A break-even point is found when using the estimated costs of the evaluated transshipment 
technologies if the loading space utilization is increased to 92% for the reference train and 
using CESS terminals with Megaswing wagons. The reference train is 396 meters and 
consists of one locomotive and fourteen wagons. If the train length is increased, the total 
transport cost decreases as long as the loading space utilization of the train is maintained. The 
train length is however subject to infrastructural constraints e.g. the length of sidings and 
meeting stations on the rail network. If the train length would increase to 501 meters i.e. 4 
Megaswing wagons more, the intermodal cost is equal to the cost for unimodal road haulage 
at 79% train loading space utilization.  

 
Figure 15. Total transport cost in SEK for the evaluated transport chains in the baseline scenario. 
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Results for the baseline scenario regarding estimated CO2 emissions for the evaluated 
transport chains and transshipment technologies are illustrated by figure 16. If hypothetical 
medium-sized conventional intermodal terminals where used at each CESS-terminal site, the 
annual CO2 emissions is estimated to 1198 tonne (33,9 % reduction compared to unimodal 
road). For CESS terminal Light Combi, the CO2 emissions are estimated to 800 tonne (55,9% 
reduction compared to unimodal road)  and for CESS terminal Megaswing to 776 tonne 
(57,2% reduction compared to unimodal road).   

 
Figure 16.  CO2 emissions in tonne for the evaluated transport chains in the baseline scenario. 

From the results of the case study for the base line scenario one can conclude that a rail based 
intermodal transport system is on the threshold of feasibility in the studied region. The 
loading space utilization of the train and the transshipment cost are the most critical 
parameters. Regarding loading space utilization, it is necessary to consolidate other freight 
flows in the train in order achieve high and balanced loading space utilization along the route.  

Regarding the estimation of CO2 emissions for the evaluated transport chains, Carbon dioxide 
(CO2) is the predominant greenhouse gas (GHG) emitted by vehicles and is directly related to 
the amount of fuel that is consumed by vehicles. Vehicles also emit other GHGs, including 
methane (CH4), nitrous oxide (N2O), and hydrofluorocarbons (HFCs). In this study an activity 
based approach for estimation of CO2 emissions has been applied where the main 
methodology is expressed by formula (1).  Data for energy consumption is derived from the 
three modules of ITCM. 

E(CO2)= EC *  EF(CO2)     (1) 

E(CO2)= CO2 emissions by mode/transshipment technology 
EC = Energy consumption by mode/transshipment technology  
EF(CO2) = CO2 emission factor by energy source  
 
It is important to select the most appropriate emission factor values for each transport mode 
and transshipment technology. Energy consumption and emissions in freight transportation do 
not only occur during the actual shipment, but also at a much earlier stage in the processes 
leading up to the supply of the energy source. The main energy sources used in freight 
transportation are diesel fuel and electricity. To compare the environmental impact of 
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transport processes with different energy sources, the total energy chain has to be considered. 
As to emissions, in the case of electrically-powered rail transport vehicles, the emissions are 
produced entirely in the pre-chain whereas for diesel powered transport vehicles, the main 
part of the emissions are produced during the transport itself. The magnitude of the emissions 
is also influenced by other factors e.g. the weather, driving style, vehicle maintenance and 
type of engine. (Cefic, 2011). Hence, the results of these calculations have to be seen as an 
indicator of the magnitude of the environmental impact of the case study rather than exact 
data. 

 

1.6.5 Alternative Future Scenarios 

As stated above different plausible scenarios could affect the results of this feasibility study. 
A scenario that would affect the results positively for the intermodal alternative is the 
innovation of improved transshipment technologies e.g. if the CCT technology is fully 
developed or new transshipment technologies would be innovated that in addition to fulfilling 
the criteria put by CESS-terminals are less costly, more time-efficient and reliable and cause 
less emissions than the studied technologies. Table 1 presents the estimated results for 
transshipment cost and emissions for the evaluated technologies.  

 

Table 1. Cost and CO2 emissions per lift and loading unit for the evaluated transshipment 
technologies. 

The CCT is estimated to have the lowest cost per transshipment 106 SEK/ Loading Unit. The 
analysis from the case study shows that the break-even point i.e. when unimodal cost equals 
the intermodal (with the train loading factor set to 80%), regarding transshipment cost is 67 
SEK/Swap-body (SB) when using CCT. Note that the Semi-Trailer (ST) has a capacity of 33 
EURO-pallets and the SB 18 EU-pallets; hence using STs require fewer number of 
transshipments. However using SBs enables trucks with higher capacity, 2 SBs and 36 
EURO-pallets, whereas using STs enables a truck capacity of 1 ST and 33 EU-pallets and 
hence a higher cost for road haulage. A remark is that longer road vehicle combinations 
allowing two STs per truck are currently investigated in Sweden. Regarding the analyzed case 
study, the lower cost for road haulage and transshipment cost/loading unit do not compensate 
for the higher number of transshipments, thus the total transport cost is higher when using 
CCT compared to Megaswing as illustrated by figure 17.   

Cost / LU (SEK)
268
257
159
170
143
106

 CO2 / LU (KG)
4,5
1,7
0,9
0,3

Conventional Terminal
CESS Terminal 1A

Transshipment Technology

CESS Terminal 3 CCT
CO2  -Emissions

Medium Intermodal Terminal
CESS Terminal 1 - LightCombi

CESS Terminal 1B
CESS Terminal 1C

CESS Terminal 2 Megaswing

CESS Terminal 2 - Megaswing
CESS Terminal 3 - CCT
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Moreover, another plausible and quantifiable scenario is the increase of fossil fuel prices. If 
diesel prices would increase so would the feasibility of the intermodal option. As illustrated 
by figure 13 if the diesel prices would increase with 25%, which is estimated to take place 
within seven years, the total cost for the reference train (396 meters) is equal to the cost for 
unimodal road haulage at 74% train loading space utilization when using CESS-terminals 
with Megaswing wagons and 99% when using CESS terminals with CCT. For this scenario, if 
the train length is set to 501 meters when using CESS terminals with Megaswing wagons, the 
break-even point decreases to 63% train loading space utilization. 

 
Figure 17. Total transport cost in SEK for the evaluated transport chains in the alternative scenario. 

 

Furthermore, as shown by figure 18, using CCT will result in the lowest amount of CO2 
emissions, 613 tonne (66,2% reduction compared to unimodal road).  

 

Figure 18.  CO2 emissions in tonne for the evaluated transport chains including CCT. 
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1.7 Conclusion 
 

Albeit this feasibility study has shown that the studied transshipment technologies are closing 
the gap for intermodal transport to unimodal road haulage regarding transport cost over short- 
and medium distances and that they contribute in reducing emissions; the transport quality, 
especially regarding reliability and punctuality, has to be ensured. These aspects require 
practical and operational testing, which is why a demonstration project is recommended. This 
is particularly crucial regarding novel transshipment technologies.  

This study has provided a methodology for evaluating the feasibility, regarding cost and 
emissions, of concepts and technologies within intermodal freight transport. Hence, the main 
aim of this thesis project has been fulfilled i.e. to analyze under which conditions an 
intermodal transport system with the railway as a base can be implemented in the Stockholm-
Mälaren region. From the results of the case study one can conclude that a regional rail based 
intermodal transport system is on the threshold of feasibility in the studied region. The 
loading space utilization of the train and the transshipment cost are the most critical 
parameters. The latter restricting the competitiveness of intermodal services on short distances 
as it is not proportional to transported distance but rather to the utilization rate of resources.  

Hence, the concept of cost-efficient small scale (CESS) terminals was introduced in this 
study. Regarding loading space utilization it is necessary to consolidate other freight flows in 
the train in order achieve high loading space utilization and a balanced flow along the route. 
The third parameter which is critical for the results are the fuel prices, where the sensitivity 
analysis of the results shows that if diesel prices would increase so would the feasibility of the 
intermodal option. The same is also valid for train length increase as long as the loading space 
utilization is maintained. In this study the importance of CESS terminals has been illustrated 
as well as the most significant cost components for a shipper when evaluating different 
transport chains and mode choice.  

No claims are made at integrating mode choice with multimodal route optimization. The latter 
is required for finding the break-even point regarding transport distance. Several intermodal 
researchers have made contributions in finding the minimum distance that conventional end-
point intermodal relations between two nodes can compete with direct unimodal road haulage 
in Europe. Their results are found in the range 400-600 km (Williams and Hoel, 1998, Van 
Klink and Van den Berg, 1998 cited in Botekoning and Trip, 2002; Nelldal and Troche., 
2009). However, comparing distribution routes for unimodal road haulage with a liner train 
system, with intermediate stops along the route, composes a much more complex 
combinatorial optimization problem, where further work is recommended and ongoing.  
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