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Summary
The main objective of this report is to investigate how freight train capacity can be
increased to enable transportation related to carbon capture and storage (CCS) on
the Swedish railway system in order to achieve the carbon dioxide climate target.

The increased need for sustainable transport will create a large demand on the ex-
isting railway network. To meet these demands, several measures need to be taken.

To investigate this further, literature study, interviews, a case study and analysis of
the current network were conducted. As the railway network is a complex system,
a range of measures is suggested to counter a high capacity utilization within both
shorter and longer time frames.

In the report several line segments limiting the system capacity were identified.
Several measures were suggested with regards to both railway infrastructure and
train set-up. It is concluded that additional investments have to be made to handle
ccs transportation.

Keywords: freight transport capacity; growing freight transport demand; rail freight
trains; carbon capture and storage
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List of Acronyms

Below is the list of acronyms that have been used throughout this thesis listed in
alphabetical order:

ATC Automatic Train Control
CCS Carbon capture and storage
CO2 Carbon dioxide
ERTMS European Rail Traffic Management System
ETCS European train control system
SEa general reference profile in Sweden
SEc reference profile for new constructions
SEK Swedish krona
STAX maximal axle load
STVM maximal weight per meter
TENT-T Trans-European railway network
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1
Introduction and aim

As many other countries, Sweden expects an increase in tra�c and capacity de-
mands for the railway network in the future when the population is growing and
the demands of sustainable transport is increasing. According to Tra�kverket the
estimated volume will increase of 64 % by cargo train and 32 % by passenger train
until 2040, which will create a high demand on the railway network [2]. This project
work investigates how the capacity of transports by rail can be increased and where
it's required to achieve this.

By the year 2050 the United Nations, has a goal to be net-zero of carbon diox-
ide (CO2) emissions to not exceed the global warming by 1.5 degrees [3].To achieve
the climate goals of CO2 emissions it is not only has to be reduced, new and inno-
vative solutions has to be developed to process the CO2 towards negative emissions.
An ongoing project in European Union and the U.S is carbon capture and storage
(CCS) [4]. The concept of CCS is to capture carbon dioxide from industries and to
obtain capture facilities to convert it to liquid carbon dioxide. The liquid CO2 is
then transported by train, trucks and shipping to eventually be pumped deep down
into the ground for permanent storage [5]. By the year 2045, Sweden together with
other Nordic countries has a goal of reaching net-zero emissions of green house gases
and by using CCS this could be possible [6]. With the help of sustainable transports
such as trains, the total emissions from handling these transports on land would be
minimal.
In this report, the required input data will �rst be discussed, including the demand
for cargo transports and their origins and destinations. Furthermore, an as-is anal-
ysis is carried out, which considers, among other things, on which routes single and
double tracks are available. The wagon �eet is examined in order to highlight possi-
ble improvement options. Based on this, improvement possibilities and limits will be
discussed. Finally, conclusions are drawn and recommendations for further studies
are provided.

The investigation can be summarized by the research questions:
ˆ Estimate an approximated amount of yearly production of CCS and the re-

quired number of freight wagons and trains.
ˆ Investigate possible transport corridors in order to facilitate harbors of Narvik,

Trondheim, Gothenburg and Malmö.
ˆ Identify bottlenecks that will impact these identi�ed tra�c �ows.
ˆ Identify possible solutions to capacity problems of the Swedish railway network

and bottlenecks.
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2
Background data for the analysis

The railway network in Sweden is mainly owned and managed by Tra�kverket. It
extends from the far north to the south with over around 15 600 km of track where
78 percent of the track is electri�ed [7]. On the railway network there is an average
of 530 cargo trains and 3000 passenger trains using these tracks daily, and these
numbers will increase in the future [7].

The increase in both passenger and cargo trains require that the railway network is
developed by building more tracks and meeting stations, and upgrading the existing
railway network [7]. Figure 2.1 shows the previously mentioned electri�ed lines on
the left and the single, double and multi-track lines on the right. As Tra�kverket
controls the railway network they are responsible for the maintenance of these tracks
and have plans for a large expansion and modernisation of the network for the future
[2].

2



2. Background data for the analysis

Figure 2.1: Map over the railway network in Sweden, to the left the electri�ed
parts (in red), to the right the di�erent lanes (orange: double tracks, green: multiple
tracks). From Tra�kverket [1].

The upgrade of the railway network is necessary both for the main tracks and the
smaller tracks so that all the parts of the network can be accessed and utilised. The
expansion includes both to build new tracks and upgrade the single lanes and double
lanes [2]. Although the upgrade of tracks is necessary, the upgrade is not only very
time consuming and expensive, but also might prevent the tracks for being used for
periods. However, the railway network is not the only area that needs an upgrade,
the modernization of signal systems and digitalisation is also essential for the future.

2.1 Liquid carbon dioxide

Globally, humans will in the future continue to produce CO2 in many di�erent ways.
Renewable energy such as wind, water and sun is a good way for reducing the green
house gas emissions but additional processes are needed to reduce it even further
[8]. Carbon capture and storage, also known as CCS, is a fairly new technology that
has the potential of capturing large amounts of CO2 from the atmosphere and from
di�erent industries by converting the gas to liquid [8].
The liquid CO2 is then transported by train, trucks or pipes to harbours where it is
loaded on large ships. These ships transport the lique�ed CO2 to facilities where it is
pumped into cavities deep into the ground where it is stored [8]. The transportation
and storing of liquid CO2 has certain requirements. For the lique�ed CO2 to stay in
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2. Background data for the analysis

its form it needs to be pressurized by 8 bar and have a temperature of -40 degrees
celsius. This creates certain demands on the train carts, the transportation time
and storage [9].

Figure 2.2: Process of CCS from industries to storage. From Port of Gothenburg
[5]

The processes in the �gure above are:
1. Capture of carbon dioxide gas at facilities from the atmosphere and large

industries that produce CO2.
2. Transportation of liquid CO2 to the harbour by train, trucks or pipelines.
3. The liquid CO2 is stored temporarily in the harbour.
4. The liquid CO2 is loaded onto ships.
5. The ships transport the liquid CO2 to facilities o�-shore.
6. The liquid CO2 is pumped deep into the ground.

Since the industries where CO2 is captured are spread out all over the country, it
needs to be transported to the harbours in the most sustainable way [10]. In Gothen-
burg, a project named CifraCap (Carbon Infrastructure Capture) has been initiated
by a group of large industry companies (Göteborgs Energi, Nordion Energi, Preem,
St1, Renova and Göteborgs Hamn AB) [6]. The goal of CinfraCap is to �nd an
optimal infrastructure solution to transport the CO2 in a sustainable way with the
lowest emissions [6]. One of the most suitable ways to transport this kind of cargo
when looking on the emissions (per ton-km) and transportation times is by train [11].
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2. Background data for the analysis

2.2 Analysis of railway network

When preparing for an increase in capacity of the railway network and the potential
transport increase of liquid CO2 in the future, numerous of di�erent input data that
need to be analyzed. This input data will be based on current data and estimations
about the future.

2.2.1 Current railway network situation

The Swedish railway network consists of single track-, double track- and multiple
track systems. In 2020, the Swedish railway system consisted by 10,909 km of lines
and of this length only 2,056 km was double or multiple tracked lines [12]. Trains are
limited in length by lengths of meeting stations and platforms. The current system
is adapted for trains with maximum length of 630 meters with some exceptions on
a few stretches that allow trains up to 750 meters.

The tra�c control system is also a�ecting the possible length of trains [13]. In
2010 the �rst line in Sweden was equipped with the new tra�c control system Eu-
ropean Rail Tra�c Management System (ERTMS) and it was expanded to 573
kilometers by 2020 [12]. The remaining railway lines are controlled by either Au-
tomatic block system and centralised tra�c control system (7,546 kilometers) and
"Automatic Train Control" (8,069 kilometer) ATC for short [12]. Network charac-
teristics mentioned above are some of the factors that are a�ecting the capacity
of the railway system. In �gure 2.3(b) it's shown that on a daily average there is
generally a low limitation of capacity on the Swedish railway system, but with some
line segments that are heavily limited thus creating bottle necks in the system. The
situation during the two hours with the maximum limitation are shown in �gure
2.3(a). It is seen that for these speci�c time frames, the limitations over the whole
system are much higher. The 2 hour peak have 22.5 % of the line in the red zone
compared to the daily average which has 2.4 % in 2021 [14].
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2. Background data for the analysis

((a)) Max 2 hours period ((b)) Daily average

Figure 2.3: Capacity limitations in the Swedish railway system. From [14] Green =
low capacity utilization (� 60 %), Yellow = medium capacity utilization (61-80 %),
Red = high capacity utilization (81-100 %).

2.2.2 On-going development projects

Tra�kverket has long going plans for new projects that are set out to remedy and im-
prove the railway system according to identi�ed criteria and analysis, all presented
in the implementation plan [2]. There are until year 2025 47 projects planned to im-
prove freight transportation, and 22 projects aimed to improve the general capacity
on the railway system [2].

As part of the trans-European railway network (TENT-T), by 2035 all of lines in
Sweden are planned to be equipped with ERTMS [2]. Connected to the TENT-T,
lines shown in �gure 2.4 are recognized as important routes for freight transports
that will be prioritized to handle operations by trains with length of 740 meters [13].
New meeting stations are by default built to handle trains of 750 meters [15].
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2. Background data for the analysis

Figure 2.4: Main network focused to handle an increased train length. From [13]

2.3 Train capacity evaluations

When looking at train setup, weight, width, length, speed and type of locomotive
are important parameters for increasing capacity of freight transport.

The weight of a freight train is limited by the load carrying capacity of the railway.
There are two important parameters when looking at the load carrying capacity,
maximal axle load (STAX) and the maximal weight per meter (STVM). STAX and
STVM are both used to specify which structural capacity bridges and embankments
should withstand. In Sweden the general STAX is 22,5 tonnes and STVM is 6,4
tonnes. However, many stretches allow heavier freight trains with STAX 25 tonnes
and STVM 8 tonnes. Malmbanan even allow STAX 32,5 tonnes and STVM 13
tonnes. For new constructions, the minimum STAX should be at least 25 tonnes
and STVM should be 8 tonnes. This will allow cargo trains to load heavier and
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2. Background data for the analysis

thereby increase their freight capacity [13].

Wider train wagons enable more loading volume. When looking at width and height
of wagons, reference pro�les are relevant. Reference pro�les are the width and height
that trains can have without risking contact with other trains or constructions. The
general reference pro�le in Sweden is SEa, with a width of 3,4 meter. SEc is the
reference pro�le implemented for new constructions, it has a width of 3,6 meters.
SEc would enable more cargo volume in each wagon and thereby increase freight
capacity [16].

The typical maximal speed for freight trains in Sweden is 100 km/h. Although,
many freight trains are allowed to run at faster speeds [16]. When loading heavier,
trains drive slower due to regulations and the fact that acceleration and deceleration
take longer time. Slower trains a�ect the capacity of railway since it can lead to
disturbance of other trains. To compensate for the extra weight, the trains need
stronger locomotives with e�ective braking systems and running gear. Often, mul-
tiple locomotives are used for one freight train. Up to three locomotives are used in
Sweden for freight trains [15].

According to Green Cargo there are three locomotive types that are relevant for
CO2 freight operations in Sweden, these are Rc, Re and Mb locomotives [9]. The
wagons that will be used for transporting lique�ed carbon dioxide are Zacns wag-
ons. The speci�cs for these locomotives and wagons are shown in table 2.1 and 2.2.
Through locomotive length, hauling capacity, and length, weight and max cargo
weight of wagons, the max length, max cargo weight and max number of wagons
can be calculated for di�erent train setups, see table 2.3. The max cargo weight was
calculated through multiplying the number of wagons of each train set-up with the
max cargo weight of one wagon. Although, these values are for optimal conditions,
factors such as which braking system is used have an e�ect on the capacity.

Table 2.1: Speci�cs for Rc, Re and Mb. Values from [9]

Loco type Rc Re Mb
Weight [tonnes] 78 84 123
Length [m] 16 18,9 20,7
Max speed [km/h] 135 140 160
Capacity [tonnes] 1600 1800 3 000

Table 2.2: Speci�cs for Zacns wagons. Values from[9]

Wagon type Zacns
Weight [tonnes] 28
Axle load [tonnes] 22,5
Cargo weight [tonnes] 62
Length [m] 15
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2. Background data for the analysis

Table 2.3: Number of wagons, max length and cargo weight of freight trains de-
pending on locomotive type and number of locomotives.

Loco type speci�cation 1 Loco 2 Loco 3 Loco
Rc number of wagons 17 35 53
Rc max length [m] 271 557 843
Rc max cargo weight [tonnes] 1054 2170 3286
Re number of wagons 20 40 60
Re max length [m] 318,9 637,8 956,7
Re max cargo weight [tonnes] 1240 2480 3720
Mb number of wagons 33 66 100
Mb max length [m] 515,7 1031,4 1562,1
Mb max cargo weight [tonnes] 2046 4092 6200

2.4 Increased need of transportation capacity

This chapter discusses origin and possible destinations of cargo transports. This is
discussed on the basis of the Zeroc project [10] and other sources.

2.4.1 Origin and quanti�cation of carbon dioxide transport

To evaluate where the origin of the freight transports are, the Zeroc project has elab-
orated where the largest CO2 production sites are [10]. The three largest districts
are:

ˆ Västra Götaland
ˆ Norrbotten
ˆ Gotland

This data will be used as a basis to determine where the source of captured carbon
dioxide is. As the railway network does not cover all areas of Sweden, the origin of
freight transports must later be investigated in more detail. Furthermore, they must
also be quanti�ed according to place of origin. Figure 2.5 shows sites with emissions
of between 100 kton/year and 500 kton/year and more than 500 kton/year. It is
noticed that the places of origin are on the east coast and in the southern part of
Sweden.
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2. Background data for the analysis

Figure 2.5: Fossil and biogenic sources with combined emissions of� 100 ktons
CO2. From Zeroc project [10]

As a �rst step, the origins that have an emission greater than 500 kt/year are
examined. This is chosen because transports from these origins can be handled in a
more bundled fashion. In Figure 2.6 the railway network and places of origin of the
transports have been overlaid. It is noticed that the places of origin and the railway
connection are very close to each other.
This shows that transport by rail can be an option. If a company does not have
a rail connection, intermodal transport may be possible. This will be examined in
more detail in the following chapters. A more detailed investigation of whether a
company has a rail connection will make sense in the future if a precise time schedule
is known for when it is possible for a company to capture CO2.
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