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ABSTRACT 
Currently the largest infrastructure project in Sweden, the implementation of the rail 
traffic management system European Rail Traffic Management System (ERTMS) will 
gradually replace the incumbent system Automatic Train Control (ATC) until 2035. 
Due to Sweden’s recently completed deregulation of the railway market the main 
stakeholders in this implementation process are the actors responsible for operations 
(the train companies) and the actor responsible for the infrastructure (the Swedish 
Transportation Administration).  
The thesis is commissioned by the Swedish Transportation Administration and aims 
at examining the allocation of risk associated with the implementation of ERTMS 
among key stakeholders. A risk analysis with regards to technological risk and 
financial risk is conducted as well as a literature study and interviews with relevant 
persons in the sector. 
The results reveal a hesitation from operators to implement the technology and 
considerable difference in the risk the two main stakeholders are subject to. The 
operators maintain a relatively high level of risk in every scenario examined, 
potentially requiring risk reduction measures. In one scenario the operators are subject 
to inacceptable levels of financial risk that demands risk reduction measures. The 
Swedish Transportation Administration is subject to low levels of risk in all scenarios 
examined. 
Data from the study suggests that the hesitation from operators to implement the 
technology may be due to the levels of risk they are exposed to do not match the 
benefit they expect the system will provide.  
Key words: Risk assessment, Risk analysis, Development process, Implementation 
process, Market deregulation, ERTMS  
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SAMMANFATTNING 
Implementeringen av trafikstyrningssystemet European Rail Traffic Management 
System (ERTMS), som för närvarande det största infrastrukturprojektet i Sverige, 
kommer successivt att ersätta det nuvarande systemet Automatic Train Control (ATC) 
fram till 2035. På grund av Sveriges nyligen slutförda avreglering av 
järnvägsmarknaden är de viktigaste aktörerna i implementationsprocessen de aktörer 
som ansvarar för tågen (tågoperatörerna) och den som ansvarar för infrastrukturen 
(Trafikverket). 
Arbetet är utfört på uppdrag av Trafikverket och syftar till att undersöka 
riskfördelningen mellan huvudintressenterna i samband med implementeringen av 
ERTM. En riskanalys med avseende på tekniska risker och finansiella risker är utförd 
samt en litteraturstudie och intervjuer med relevanta personer inom sektorn. 
Resultaten visar en motvilja från operatörerna att implementera tekniken och 
betydande skillnad i den risk som de två aktörerna är utsatta för. Operatörerna 
exponeras för en relativt hög risk i varje scenario som undersöks och som potentiellt 
kräver riskreducerande åtgärder. I ett scenario exponeras operatörerna för 
oacceptabelt hög finansiell risk som kräver riskreduceringsåtgärder. Transportverket 
är föremål för låg risk i alla scenarier som undersökts. 
Data från studien tyder på att motviljan från operatörerna mot implementeringen av 
ERTMS beror på att de risknivåer som denna grupp utsätts för inte lever upp till de 
fördelar de förväntar sig att systemet kommer leverera. 
Nyckelord: Riskbedömning, Riskanalys, Utvecklingsprocess, 
Implementeringsprocess, Avreglering, ERTMS 
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1. INTRODUCTION 
This is the report of the master’s thesis conducted at the Royal Institute of Technology 
by Daniel Mogefors in collaboration with the Swedish Transportation Administration 
(Trafikverket), from August 2013 to December 2013. The thesis aims to study 
development processes in general by examining a recently implemented new traffic 
management system within the Swedish railway network.  In the following section, the 
problem is described, the delimitations and system boundaries are defined, and the 
purpose of the thesis, as well as to whom the results are intended is stated. 

1.1. Problem Background 
Currently one of Sweden’s largest infrastructure investments, the implementation of 
the European Rail Traffic Management System (ERTMS) started in 2010, and will be 
gradually implemented to cover every stretch of the Swedish railway network by 
2035. By the end of the implementation, the process is estimated to have cost 30 
billion SEK (Trafikverket, 2013).  
As the system requires alterations of both the infrastructure and the locomotives 
running on the tracks, the development structure of the deregulated railway market 
will be put to the test. Prior to the deregulation, a technology’s dual applicability 
would have been an inconspicuous aspect of the implementation process, and 
something few would problematize, given that the infrastructure and the locomotive 
belonged to one and the same organization. However, in the current structure, the 
separation of infrastructure and trains has effects that need to be taken into 
consideration. 
As management of tracks and trains are separated, various issues concerning future 
development of the railway system becomes ambiguous, and the coordination 
between the track operator and train operators increasingly complex. In part, this is 
due to the track operator having many train operators to adapt to, and due to the two 
parties’ planning outlook differing greatly in magnitude – while the planning, 
development, and building of new infrastructure may take decades, train operators 
contracts span on a year-by-year basis. In addition, due to the two stakeholder groups 
being mutually dependent on one another, the issue becomes progressively more 
complicated. Consequently, the relationship between the Swedish Transport 
Administration and the operators is a central part when trying to understand what 
implications a deregulated railway sector may have on the implementation of new 
technology in the industry.  
One aspect shaping the current climate of technology development within the 
Swedish railroad sector is that no party has the whole picture (Ass. of Swedish Train 
Op. Companies representative, 2013). The Swedish Transport Administration focuses 
on the infrastructure, while the operators focus on the trains. Previously the only 
actor, Statens Järnvägar, would have a helicopter view of the current situation and be 
able to push for new innovation in infrastructure and trains simultaneously. At present 
each actor only has deep insight into their specific area of responsibility. 
Furthermore, the report will examine the cost structure in the implementation. As the 
train operators are smaller in size after the deregulation it is harder for them to finance 
a technology switch, such as that from the incumbent traffic management system 
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Automatic Train Control (ATC) to ERTMS. In addition, the complication related to 
product testing (a central part in any development process) is further complicated by 
the separation of infrastructure and operators. Prior to the deregulation it was possible 
for SJ to close off a piece of the infrastructure and test their trains whenever they 
needed to. Post-deregulation, getting access to a piece of track is much more 
complicated due to many others having a stake in any given stretch of rail, and that 
there simply are more trains on the tracks now (Vectura representative, 2013)  
The Swedish railway sector is only recently fully deregulated, and has therefore 
entered into a completely new phase where actors’ roles and responsibilities may be 
stipulated in laws and regulations, but are nevertheless still under debate. As the roles 
of the affected industry actors are still being defined, the industry is faced with the 
task of implementing ERTMS on every stretch of rail, and in every locomotive, on the 
domestic railway network. Meanwhile, the challenges facing the railway sector may 
be exacerbated, and put to the test by this new environment the actors find themselves 
in. 
In essence, the report is meant to contribute to the technology development process 
structure at the Swedish Transportation Administration, and aims to relate and 
generalize with regards to the railway sector’s technological implementation 
processes’ efficiency. 

Research question 
“The Swedish railway sector has been gradually deregulated from 1988, to being 

completely deregulated today. Separation of tracks and trains poses various problems 
with regards to implementing new technology in the industry. What are the risks 

facing the sector in the implementation of ERTMS in Sweden?” 

1.2. Purpose and goal 
The aim of the thesis is to investigate the mechanisms behind, and the drivers of, the 
implementation processes of a new technology on an industry level. To do so, given 
the time limitation present, an appropriate research scope was defined. The research in 
the thesis is focused on one of the largest infrastructure investments in Sweden today 
– the domestic implementation of ERTMS. In order to gain a deeper understanding of 
the process at hand and further understanding of technology implementation processes 
in general, a risk analysis focusing on the risks associated with this implementation on 
an industry level is presented in this report. 
The area of study is the Swedish railway sector, which is a sector that is set apart from 
other industries in the aspect of the interconnectivity between its stakeholders. This is 
mainly due to the railway, as a technical system, being more interlinked than many 
other commercial industries; meaning that changes in one part of the industry will 
have affects the whole system. Therefore, the industry is dependent on all parties 
working in tandem in order for the system to function efficiently. This aspect of the 
sector creates mechanisms that consequently affect the implementation of industry-
wide technologies due to collaborative efforts needing to reach past the boundaries of 
individual organizations and incorporate numerous organizations from different parts 
of the sector, all with different perspectives, roles, and incentives. 
In addition, as the sector was subject to a gradual deregulation from the late 1980’s 
and approximately 20 years thereafter, the effects of how a deregulated industry 
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affects technological implementation processes within that industry can be studied. 
The thesis focuses on investigating the risks associated with the implementation of 
ERTMS in Sweden, but the change in development processes within the railway 
sector prior to, and after, the deregulation of the Swedish railway system will be 
touched upon to put the current technology development implementation process in 
an historical context. This has been done by examining the implementation phase of 
the incumbent traffic management system – Automatic Train Control (ATC) – on the 
Swedish railways. As the two implemented systems belong to the same product 
family and share many properties on a system level, a comparative case study of the 
systems’ implementation phases is possible. 
When this report is written, the state of the traffic management system to be studied 
has left much of the development phase, and is in a phase of deployment. This allows 
for a retrospective outlook of the development of the technology, while focusing on 
the current implementation of that technology. 
Results of the thesis will be beneficial to assess the current situation of the technology 
development climate within the Swedish railway sector. The purpose of this report is 
to provide the Swedish Transport Administration with: 

• a compiled assessment of the industry actors’ view of the implementation of 
this technology 

• risks for the sector associated with the implementation of ERTMS 
• the changes that the deregulation process has triggered with regards to the 

implementation process of new technologies in the railway sector 

1.3. METHOD 

Literature study 
To allow for a comprehensive analysis of the situation a literature study was made on 
topics related to the subject discussed in this report. By incorporating theory, and 
models from previous works the aim was to bring further insight into the topic and 
provide perspectives that may otherwise have been overlooked. 
The literature study mainly focused on theory related to product development 
processes, diffusion of innovation, technology implementation processes, risk 
analysis, and risk assessment. Anchoring the qualitative data collected in the 
interviews (see 4.2) with theory from other authors is imperative in order to make a 
relevant conclusion.  

Interviews 
By interviewing specialists from various departments within the Swedish 
Transportation Administration, and specialists in various related organizations, 
implementation processes of new technology is studied and analyzed on a systems 
level. This approach is chosen to enable a wide audience within the Swedish 
Transportation Administration to benefit from the findings. Sweden is at the forefront 
of this implementation; while others have decided to wait with a full scale 
implementation (Ministry of Enterp. Energy and Com. representative, 2013). 
Therefore the topic of study is of great importance to other European Union member 
states as well. 
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In addition to benefitting actors within and directly affected by the Swedish passenger 
railway sector, the thesis generalizes interview findings in order to shed light on areas 
of the process of implementing a new technology, for any organizational size. 
Qualitative interview were performed with individuals who possess insight into the 
structure of the deregulation of the railway sector, implementation of ERTMS and 
technology development in the industry. 
Based on the different areas of expertise the various interviewees had a semi-
structured interview format was chosen to best capture the most relevant parts of the 
person’s knowledge. The interviews all covered a set of themes (see Appendix A). 
Interviews with 12 different people with special knowledge of the industry were 
conducted.  Representatives from the following organizations were interviewed: 

• Swedish Transportation Administration (authority) 
• Ministry of Enterprise, Energy and Communications (authority) 
• The Government Offices (authority) 
• Association of Swedish Train Operating Companies (trade association) 
• SJ (operator) 
• Norrtåg (operator) 
• Mälab (operator) 
• Vectura (consultancy, now Sweco) 

Risk Assessment 
A risk assessment is carried out in order to enable and analysis of the allocation of 
risk among the main affected actors of the implementation of ERTMS in Sweden.  
The risk analysis is firstly conducted based on theory provided during the literature 
study, and finalized during a workshop with the top management team responsible for 
the Swedish implementation of ERTMS at Swedish Transportation Administration’s 
headquarters in Borlänge, Sweden on December 9th, 2013. The workshop is 
conducted after the finalization of this report and the results of the workshop are 
therefore not presented in this report, but are presented internally within the Swedish 
Transportation Administration. 

1.4. Scope 
The report is delimited in its focus in order to make a targeted and timely analysis of 
the area of study. Consequently, the following delimitations have been made: 

• The thesis is conducted between August, 2013, and December, 2013 
• Delimitation of passenger train railway sector 
• Delimitation of traffic management systems 
• Delimitation of the Swedish market 
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2. HISTORICAL CONTEXT 
When examining current events and actions within the scope of the now deregulated 
railway sector, it is imperative to study the system in its context. The current 
technology development structure within the Swedish railway system is the result of 
previous events, and regulations that have formed the current situation. Also, due to 
the Swedish railway system being interlinked with other European railway systems, 
this will be explained as well, in order to place the system in a geographical context. 
Finally, as European Union legislation initiated the implementation of ERTSM in 
Sweden, this will be examined. 

2.1. Swedish railway sector 
Since 1988 the Swedish railway system has experienced a gradual deregulation. In the 
beginning the domestic railway market was monopolized by one actor, Statens 
Järnvägar, who ran the passenger and freight trains as well as maintained 
infrastructure and real estate. Statens Järnvägar was in close collaboration with one 
other partner on technological issues, the train manufacturer ASEA (Government 
Offices representative, 2013) (see Figure 1). 
Today, the market is different. The operations of the market are completely 
deregulated and only infrastructure and licensing and safety are run by government 
agencies (see Figure 2). 

 

Figure 1. Swedish railway market 1988. (Branschorganisationen Tågoperatörerna, 2013). 

 

Figure 2. Swedish railway market 2013. (Branschorganisationen Tågoperatörerna, 2013). 
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A deregulated railway sector is not new to Sweden. The domestic railway sector has 
experienced both a regulation and a deregulation in the past 80 years. It is clear that 
the regulation and deregulation of the market has been an ongoing endeavor since the 
1930’s, as major events affecting the process of regulation and deregulation have 
occurred from that period onwards, though concentrated to the period between 1985 
and the 2010’s (see Table 1 and Figure 3). 
Table 1. Milestones in the Swedish railway system. (Alexandersson, 2011). 

Year(s) Event 

1935-1950 • Gradual government overtake of private railway sector 

1958 • Government subsidies to unprofitable railway lines 

1963 • Separation of SJ’s network into commercial part, and subsidy 
dependent part 

1979 • Some passenger transport executives are ordered to terminate 
certain local railway lines 

1985 • Political decision that the government will increase its 
responsibility for rail infrastructure, and rail fees are introduced 

1988 • Vertical separation of infrastructure and operations 
• The Swedish Rail Administration is formed 
• Passenger transport executives are responsible for county rail 

network 

1989-1990 • First public procurement of regional rail operations 
• BK Tåg enters the market 

1993 • Public procurement of long haul rail operations begin 

1996 • Deregulation of freight rail sector 

1998 • Numerous functions and parts of the railway network are taken 
over by the Swedish Rail Administration 

• Sydvästen wins bid to operate on Västkustbanan 

2000 • Many new operators win bids 

2001 • Separation and corporatization of SJ’s divisions 

2007 • Market opens for night trains and charter trains 
• Privatization of Euromaint and Swemaint 

2009 • Market opening for weekend train operations 

2010 • Market opening for international passenger rail operations 
• Market opening for national passenger rail operations (in full 

effect from December 2011) 
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Figure 3. Graphical depiction of milestones related to the regulation and deregulation of the Swedish 
railways. (Alexandersson, 2011). 

Regulation 
Sweden’s passenger rail sector is currently completely deregulated, and therefore 
open to any actor with a capability to operate a railway line to submit a bid within the 
public procurement framework. However, a privatized railway sector is not a new 
phenomenon in Swedish history – the Swedish railway system had been built on 
private initiatives until 1935, when the government started purchasing private rail and 
bus companies (Alexandersson, 2011). 
Up until the 1950’s, the regulation of the railway sector, both passenger and freight, 
continued. The entire railway system was operated by one actor, Statens Järnvägar 
(SJ), working under strict government control. However, in 1963 the Transport Policy 
Act activated a chain of changes for SJ that eventually made the government owned 
organization into the corporation it is today (Nilsson, 2002). 

Deregulation 
Currently, the Swedish railway sector is the most deregulated of all the European 
Union member states’ railway sectors (see Figure 4). The deregulation process began 
in 1988 when Statens Järnvägar was divided into the Swedish Rail Administration 
(Banverket), responsible for the infrastructure, and SJ (in the corporatization, the 
name eventually formally changed to SJ) responsible for train operations on the tracks 
– in essence separating track and train (Nilsson, 2002). Within the industry, the main 
argument for this separation was that it would be more pedagogical for the public if 
the two were divided and would instill trust in the system (Swedish Transportation 
Administration rep. E, 2013). However, the protection of a hurting industry and lower 
procurement costs were deemed to be the real drivers of the change. Consumer needs 
were of secondary importance (Nilsson, 2002).  
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Figure 4. Level of railway liberalization per country. (IBM, 2011). 

The year after, policy changed so that it was possible for any actor (with the right 
capabilities) to operate on a certain railway line. The family-owned bus company BK 
Buss created the company BK Tåg, and won against the incumbent SJ a four year 
contract to operate regional train services (Nilsson, 2002). Thereby, BK Tåg was the 
first private company to enter the railway sector since the start of the regulation 
decades earlier (Alexandersson, 2011). 
In the years ahead the incumbent, SJ would gradually become increasingly 
corporatized. The different divisions within the organization would be separated from 
the mother company, such as freight (now Green Cargo), maintenance (now 
Euromaint and Swemaint), and real estate (now Jernhusen). Today, the company’s 
official name is changed from Statens Järnvägar, into its abbreviation SJ, and is run 
like any other corporation; the only difference being that 100% of the stocks are 
owned by the Swedish government.   
SJ sold off assets such as 130 train stations, bus services, ferry services, and hotels, 
and used that money for innovation – to develop the X2000 trains, the RC-
locomotive, new freight cars, and commuter trains. 
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3. EUROPEAN RAIL TRAFFIC MANAGEMENT SYSTEM 
A description of the rail traffic management system discussed in this report is 
explained and put in context. The system is described from a technical and practical 
standpoint, and the decision-making process leading up to the implementation of 
ERTMS is briefly discussed. 

3.1. Background 
In Sweden, the currently dominant traffic management system, and the system that 
ERTMS will replace is ATC. ATC is native to Sweden, and was implemented in the 
1980’s throughout the Swedish railway network. In essence, it oversees trains on the 
tracks, controls speed and intervenes if the driver should pass a stop signal 
(Government Offices representative, 2013).   
ERTMS is a traffic management system that is planned to be incorporated throughout 
the European Union, and in the future cover every stretch of rail in the member states.  
The implementation of ERTMS was instigated by the European Commission as a 
component in a larger plan attempting to unify the continent by easing the transport of 
people and goods throughout the union. The Commission has long worked for a 
railroad throughout Europe where barriers between countries are low or non-existent. 
However, the implementation of ERTMS is not the only factor missing in the creation 
of a completely interlinked railway network in Europe. Items listed below will also be 
unified in order to achieve a completely unified railway network (European 
Commission, Energy and Transport DG, 2006). 

• Legislation 
• Administration 
• Track gauge 
• Power supply compatibility 
• Height of station platforms 
• Track gradient regulations 
• Axle weights 

The development of ERTMS has been an ongoing effort since the beginning of the 
1990’s when research projects were started in a number of member states. The 
objective of the research was to create traffic management systems that had better 
performance and were less costly than the current systems available. The systems 
were merged in order to create ERTMS (European Commission, Energy and 
Transport DG, 2006). 
The system is made up of two main components Global System for Mobile 
Communications – Railway (GSM-R) and the European Train Control System 
(ETCS) (see Figure 5).  
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Figure 5. Schematic description of the component parts of ERTMS. 

GSM-R  
GSM-R is a radio system for communication between the tracks and the locomotive, 
and is based on the same GSM standard that the cell phone network uses (European 
Commission, Energy and Transport DG, 2006). 

ETCS 
ECTS is the European system for controlling trains and is the component that 
manages the functionality related to modern railway signalling systems. This system 
enables the information flow to the driver, as well as monitors the driver’s actions, 
and may enforce the speed limit if the driver fails to do so (European Commission, 
Energy and Transport DG, 2006). The physical technology is placed in boxes on the 
tracks (see Figure 6). 

 
Figure 6. Euroblaises, ETCS box in the infrastructure that communicates to the locomotive. (Melchior, 
2013). 

ERTMS 

GSM-R ETCS 
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3.1. Implementation 
ERTMS will be gradually implemented in Sweden between 2010 and 2035 in a set 
order (see Figure 7).  

 
Figure 7. Implementation stages of ERTMS in Sweden. (Trafikverket, 2013).. 

All of Europe’s railways will not be fitted with ERTMS for decades to come. The 
implementation will be made in steps, with a focus on a number of “corridors” 
spanning from one side of the continent to another (see Figure 8). Stockholm, Sweden 
will be one end of Corridor B, and Palermo, Italy the other end (see Figure 9). 

 
Figure 8. Implementation phases of ERTMS in corridors. (European Commission, 2013). 
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 Figure 9. Map of implementation of ERTMS along corridor B. (Directorate-General for Mobility and 
Transport, 2013). 

 The European Union member states have set up their own organizations for the 
implementation of ERTMS  and the rate at which the implementation of the system 
differs greatly between countries. Denmark, for example, due to its aged current 
system is implementing the technology throughout the whole railway network at once, 
and not making a stepwise implementation like Sweden. Germany and France, for 
example, are on the other hand more hesitant to the implementation and will do so in 
a slower pace than Sweden  (Swedish Transportation Administration rep. A, 2013) 
(Mälab representative, 2013).  
The implementation of the system will begin in each of the ends, and work its way 
towards the middle. As this means that the total length of Corridor B equipped with 
ERTMS will be cut in the middle until the day the two points meet, it will not be as 
efficient, according to the operators (Ass. of Swedish Train Op. Companies 
representative, 2013). 
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Two possible implementation strategies have been used in Europe; one being the 
implementation of the entire infrastructure first, and run with parallel systems, 
allowing the operators to switch when they see fit; the other being Sweden’s strategy 
of only allowing trains with ERTMS capabilities to run on ERTMS tracks. Due to the 
high cost of the former, Sweden chose the latter (Swedish Transportation 
Administration rep. F, 2013). 
Because a locomotive needs to be equipped with ERTMS on-board capabilities in 
order to pass a stretch of rail that has ERTMS, the implementation of the vehicles will 
be much quicker. The speed at which the locomotives will have the system installed 
equates to half of all locomotives in Sweden having ERTMS by 2020. The alternative 
would be to completely suspend other traffic when a train with a locomotive without 
ERTMS would run on the tracks, as this would cause severe impact on the capacity of 
the rail network. Trains without ERTMS will not be allowed onto tracks with ERTMS 
(Swedish Transportation Administration rep. F, 2013). 

3.2. Reasons for implementation 

Easier pan-European train travel 
Different traffic management systems in Europe currently make it hard for operators 
to cross country boarders; with ERTMS, the goal is for all member states to have the 
same system (European Commission, Energy and Transport DG, 2006). 

Increased capacity on current network 
A 40 year trend of declining passenger numbers on the railroads, driven mainly by the 
market penetration of the automobile, turned in the 1990’s to increasing levels of 
passenger train travel (Nilsson, 2002).  
The long period of continuously diminishing passengers on the rails had made 
development and extensions of Swedish railroad infrastructure a low priority. 
However, the recent rise in train travelers means a rise in the number of trains on the 
tracks, eventually leading to capacity issues on certain stretches (Swedish 
Transportation Administration rep. C, 2013). 
ERTMS may solve this problem by allowing for better tracking of the trains’ 
positions and thus enabling traffic control to allocate slots on the infrastructure more 
effectively. Stockholm Central Station is the biggest hub in the system, with limited 
ability to expand the tracks; therefore, increased capacity may be the only way to 
come to grips with this predicament (Swedish Transportation Administration rep. B, 
2013). 

Lower maintenance costs 
As the incumbent system of ATC technology is greatly dependent on a network of 
physical signaling stations along the lines, the new technology (without the need for 
such equipment) will require less on-site maintenance, leading to lower maintenance 
costs for the infrastructure owner (Trafikverket, 2013).  

Increased competitiveness for the railway sector 
By allowing for pan-European travel with train, the railway can more easily compete 
with other modes of transport (Trafikverket, 2013). 
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3.3. Technological Background 

Railway Signalling 
Above all, railway signalling is used to ensure the safety of trains and their passengers 
or freight on the railway network. Because there is no possibility for trains to steer 
clear of an obstacle up ahead, due to the confinement of the tracks, it is important that 
the driver of the train has all the necessary information to be able to make decisions 
well in advance on how to run the train to avoid collision.  
Trains’ long stopping distances also add to the necessity of a functioning information 
flow to the train driver. For trains travelling up to 160 kilometers per hour the 
stopping distance is in the magnitude of hundreds of meters, while high-speed trains 
may have a stopping distance in the magnitude of kilometers (European Commission, 
Energy and Transport DG, 2006). Naturally, the train driver needs information on 
trains up ahead and other obstacles on the tracks as soon as possible in order to assure 
safety on the tracks. 
Traditional signalling systems are based on a block system and track-side light signals 
displaying one of three different colors, green, yellow, and red. The railroad track is 
divided into blocks with a light signal at the start of each block. The color of the 
signal corresponds to the driver’s authority to proceed to the next block. A green light 
indicates that the driver is free to proceed, a yellow light indicates that the next signal 
will be red, and a red light indicates that the driver is not allowed to proceed into the 
corresponding block and consequently needs to come to a complete stop (see Figure 
10). 

 
Figure 10. General railway signalling system. (European Commission, Energy and Transport DG, 2006). 

The Swedish railway system relied on two drivers of the train prior to the current 
incumbent system (ATC) of more advanced rail traffic control. If the head drivers 
would not take notice of a signal, or its color, the other driver was expected to not 
make the same mistake and alert the head driver (Vectura representative, 2013).  

“The system [ATC] relied in essence on the idea that two sets of eyes are better than 
one.” 

– Representative from Vectura 
This system, however, was subject to the risk of human error, and as a consequence 
SJ started to develop the ATC system in collaboration with its suppliers. The 
implementation of ATC was spurred on by a number of severe train traffic accidents 
that occurred on the Swedish railway network during the 1960’s and 1970’s. Another 
driving force for Statens Järnvägar was that the company could cut personnel costs 
due to the need for only one driver (Löfving, 2013)(Alexandersson, 2013) 
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Many trains today, however, travel at much higher speeds than what was normal in 
the days when the traditional railway signalling system was developed. Nowadays, 
the high-speed trains travel at speeds that make it difficult for the drivers to see the 
signals, and what color they are displaying. In general, speeds up to 160 kilometers 
per hour will enable a driver to read the signals clearly. Of course, weather conditions 
may make it difficult to accurately decipher the signals below that speed, and virtually 
impossible to accurately decipher the signals above that speed. Therefore, there are 
systems in the track that will enable it to send information up to the locomotive, 
letting the system in the locomotive know at which speed the train is authorized to run 
at. The on-board system will then displaying that information to the driver, and it is 
then up to the driver of the locomotive to act upon that information. More advanced 
systems may also override the actions of the driver, and impose a speed limit on the 
train that the driver is unable to exceed. In addition, the system may also be able to 
display additional information, such as track gradient (European Commission, Energy 
and Transport DG, 2006).  
National train companies throughout Europe have ordered their signalling systems 
from different rail equipment manufacturers, and at different times. A result if this is 
the systems used in different countries varies greatly, and in Europe today, about 24 
different rail traffic management systems in operation (Branschorganisationen 
Tågoperatörerna, 2013). The main differences between these systems are regarding 
transmission frequency of the signals and the type of information provided (European 
Commission, Energy and Transport DG, 2006).  

3.4. Operational overview 
ETCS enables equipment in the tracks (see Figure 6) to communicate to the 
locomotive. Equipment onboard the train continuously calculates the speed limitations 
within which it is authorized to operate.  

ECTS Level 1 
A network with level 1 implemented has an ETCS balise situated at each signal. The 
balise on the ground is able to track the train’s position. 
Train 2 will get a green signal at balise A (see Figure 11), this green signal means that 
the driver is allowed to drive the train at least to the end of section 2, meaning that the 
train is allowed to run at the maximum speed allowance until the next balise and 
corresponding signal (balise B). If no other information is given to the on-board 
system at balise B, the train driver should bring the train to a complete stop by the 
next balise (balise C). If the driver fails to do so, the system will override the actions 
of the diver and stop the train automatically at balise C. 
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Figure 11. ETCS level 1 with Train 2 approaching Train 1. (European Commission, Energy and Transport 
DG, 2006). 

In situations of normal conditions, train 1 will run at similar speeds as train 2, and will 
therefore have left section 3 as train 1 approaches balise B (see Figure 12).  The green 
signal at balise B will give authorization for train 2 to continue to run at the maximum 
speed limit until, at least, balise D (with corresponding light signal), if no other 
information is given at balise C (with corresponding light signal). 

 
Figure 12. ETCS level 1 with Train 1 getting information to stop at end of Section 3. (European 
Commission, Energy and Transport DG, 2006). 

On the other hand, should train 1 not have left section 3 (see Figure 13) balise B will 
indicate that the driver is not authorized to pass the next signal (and corresponding 
balise C). As a result, the driver will need to bring the train to a complete stop before 
the next signal (and corresponding balise C). The system will only allow the train to 
pass the signal at balise C when the signal changes from red to yellow, which also 
sends a signal to the on-board system that the train has authority to continue onward. 

 
Figure 13. ETCS level 1 with Train 1 coming to a complete stop at end of Section 2. (European Commission, 
Energy and Transport DG, 2006). 

ETCS Level 2 
In this level there is only marginally increased capacity in comparison to level 1 
because the free flowing segments on the control panel are not part of this level 
(European Commission, Energy and Transport DG, 2006). Sweden is on this level 
(Trafikverket, 2013).  
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ETCS level 2 enables communication of the information from all of the balise via 
radio (GSM-R). Due to this system functionality, physical track-side signals become 
obsolete, meaning that costs can be reduced with regards to installation and 
maintenance of those signal stations. Meanwhile, the tracking of the trains continues, 
even in this level to be carried out with the balise, and an ECTS level 2 train can also 
be run on ECTS level 1 tracks. 
One of the main benefits with the ECTS level 2 functionality is that the train can 
receive authorization to continue running at maximum allowed speeds continuously 
through the GSM-R system. As a result, just as train 1 exits section 3, train 2 is 
notified of this occurrence, authorizing it to run to the end of section three. This 
functionality is lacking in ETCS level 1, meaning that the information would not 
reach train 2 until it reaches the end of section 2; hence forcing train 2 to decrease its 
speed throughout the passage through section 2 (see Figure 14). This functionality of 
immediate communication to trains travelling on the tracks is a contributing factor in 
allowing for increased traffic fluidity (European Commission, Energy and Transport 
DG, 2006). 

 
Figure 14. ECTS level 2 with Train 2 getting continuous information to run at full speed. (European 
Commission, Energy and Transport DG, 2006). 

ECTS Level 3 
At level 3 the granularity of the resolution of trains’ positions is decreased further, 
leading to further increased capacity, because of higher communication delivery 
frequency. Further increasing the benefit of ECTS level 3 is the possibility to further 
remove signalling systems from the tracks, meaning that there is even less physical 
inventory to maintain as compared to level 2 (European Commission, Energy and 
Transport DG, 2006). 
In the example of one train approaching the other on the same railroad track, ECTS 
level 3 allows each of the two trains to transmit its current position from the on-board 
equipment continuously to the other train. This functionality consequently allows for 
further increased optimization of the capacity on the tracks (European Commission, 
Energy and Transport DG, 2006).  

 
Figure 15. ECTS level 3 with Trains 1 and 2 continuously transmitting their position. (European 
Commission, Energy and Transport DG, 2006).  
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4. THEORY 
The theoretical framework provides a description of the methods used in the analysis 
of the data gathered through literature research and interviews. Risk and how to 
analyze risk in a manner that may be applied to decision making processes is 
mentioned, along with the product life cycle, and diffusion models that are central in 
understanding the implementation process of a technology into a market.  

4.1. Risk 
Models related to risk assessment, and risk analysis, presented in this section all have 
a focus on human, environmental, property, or reputational safety. As a result, the 
models are not primarily adapted for the system level risk analysis to be conducted in 
this thesis. However, in the analysis within the scope of the thesis, adequate and 
acceptable adaptations of the models are made in order to be applied to the research 
question at hand. 

Risk analysis 
An objective risk analysis concentrates on the expected magnitude of a certain event 
and its calculated frequency (Fenton-O'Creevy & Soane, 2001). Naturally, a degree of 
subjectivity will need to be incorporated in the assessment. 
Assessing the likelihood and severity of the consequence of a particular event that 
may be harmful in some way to an operation, system or other entity is generally called 
a risk assessment. A risk assessment is a key in analyzing the risks associated with a 
certain situation, but is not the final goal. It is merely a method of reaching a 
conclusion of what needs to be done and what decisions need to be made in order to 
reach a level of acceptable risk.  

Accident severity distributions 
Numerous studies on the relationship between different levels of severity of risks have 
been carried out, the first being Herbert William Heinrich who in 1931 observed, 
during a research project on the safety of the railway sector, that there was a ratio of 
~10:1 near-miss incidents for every minor accident, and ~30:1 minor accident for 
every major accident (see Figure 16)  (Rausand, Risk Assessment: Theory, Methods, 
and Applications, 2011). 

 

 
Figure 16. Heinrich's Triangle illustrating relationship between varying severity of accidents. (Rausand, 
Risk Assessment: Theory, Methods, and Applications, 2011). 
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Since Heinrich conducted his study, similar studies have been carried out by for 
example Tye and Pearson (1975), and Bird and Germain (1986). Even though 
different authors use different definitions of the accidents and incidents, the same 
pattern of decreasing number of events with increasing severity of events can be 
observed (Rausand, Risk Assessment: Theory, Methods, and Applications, 2011). 
The accident ratio triangle (see Figure 17), sometimes called Heinrich’s Iceberg, 
depicts these relationships from fatal accidents to errors and deviations. As an iceberg 
is 90% submerged under water, and hence mostly invisible, the word “iceberg” is 
used to illustrate the notion that most of the events in the triangle are often not 
observed or noticed (Rausand, Risk Assessment: Theory, Methods, and Applications, 
2011). 

 
Figure 17. Accident ratio triangle. (Rausand, Risk Assessment: Theory, Methods, and Applications, 2011). 

A common misperception is that it is possible to eliminate the number of severe 
accidents simply by reducing the frequency of the events at the bottom of the triangle. 
Due to the events at both ends of the triangle often being causally related to different 
things it cannot be said that a low frequency of events at the bottom of the triangle are 
an indicator of a reduced risk of severe incidents (Rausand, Risk Assessment: Theory, 
Methods, and Applications, 2011). 

Risk matrices 
Risk matrices are a common tool to analyze and visualize the risks associated with an 
operation. Normally, the frequency (possibility) of an event is plotted on horizontal 
axis and the consequence of such an event is plotted on the vertical axis (see Table 2 
and Appendix B). 
The number of, classification of, and definition of those axes are set by the person or 
group of people conducting the analysis, since there is no universal standard of such 
classifications present. To produce a risk matrix, often times both quantitative and 
qualitative assessment of the situation at hand needs to be made and can include risks 

Fatal 
accident 

Serious 
injuries 

Minor injuries 

Near-miss events 

Unsafe behavior and/or acts 

Errors, deviations 
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to people, the environment, assets, and/or reputation (Rausand, Risk Assessment: 
Theory, Methods, and Applications, 2011).  
As previously mentioned the models presented in the examples in this section are 
mainly associated with industrial operations and are therefore not directly transferable 
to the issue studied in this report. However, the models are, as explained above, 
subject to alterations based on the case on which it is to be applied, and therefore 
adequate tools to assess the sector-wide risks associated with the implementation of a 
new technology can be conducted using the framework presented in the theory. 
In order to get an overview of the risks at hand an analysis may be conducted using a 
mapping of frequency (possibility) versus consequence (see Table 2 and Table 3). 
Table 2. Risk matrix. (Rausand, Risikoanalyse - teori og metoder, 2009). 

Possibility/ 
Consequence 

1 
Improbable 

2 
Remote 

3 
Possible 

4 
Occasional 

5 
Fairly 

Normal 
5 

Catastrophic 
     

4 
Severe loss 

     

3 
Major damage 

     

2 
Damage 

     

1 
Minor damage 

     

 

Table 3. Legend to Table 2. (Rausand, Risk Assessment: Theory, Methods, and Applications, 2011). 

Acceptable 

Acceptable, consider further analysis 

Inacceptable, risk reduction required 

As previously stated, the classification of consequences and frequency (possibility) of 
an event may vary between analyses in any manner that the analyzing party or parties 
see fit. The examples provided in the literature with regards to classification of 
consequences (see Table 4) and frequency (possibility) (see Table 5), are helpful 
guidelines in the classification process of any risk analysis even if such analysis differ 
in area or scope of application. 
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Table 4. Classification of consequences according to their severity, example. (Rausand, Risikoanalyse - teori 
og metoder, 2009). 

  Consequence types  

Category People Environment Property 

5 
Catastrophic 

Several fatalities Time for restitution of 
ecological resources ≥ 
5 years 

Total loss of system 
and major damage 
outside system area 

4 
Severe loss 

One fatality Time for restitution of 
ecological resources = 
2-5  years 

Loss of main part of 
system; output 
interrupted for months 

3 
Major damage 

Permanent 
disability, 
prolonged hospital 
treatment 

Time for restitution of 
ecological resources ≤ 
2 years 

Considerable system 
damage; output 
interrupted for weeks 

2 
Damage 

Medical treatment 
and lost-time 
injury 

Local environmental 
damage of short 
duration (≤ 1 month) 

Minor system 
damage; minor output 
influence 

1 
Minor damage 

Minor injury, 
annoyance, 
disturbance 

Minor environmental 
damage 

Minor property 
damage 

 

Table 5. Frequency classes, example. (Rausand, Risikoanalyse - teori og metoder, 2009). 

Category Annual 
frequency 

Description 

5 
Fairly normal 

10-1 Event that is expected to occur frequently 

4 
Occasional 

1-0,1 Event that happens now and then and will 
normally be experienced by the personnel 

3 
Possible 

10-1-10-3 Rare event, but will possibly be experienced by 
the personnel 

2 
Remote 

10-3-10-5 Very rare event that will not necessarily be 
experienced in any similar plant 

1 
Improbable 

10-5-0 Extremely rare event 
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The risk priority number (RPN) or risk index is the value of the magnitude of the risk, 
in other words, the consequence and frequency (possibility) combined. It enables the 
numerical comparison of two risks regardless of their consequence or frequency 
(possibility), and is found by adding the two together. 
An alternative risk assessment matrix to the risk matrix previously presented (see 
Table 2) is the more comprehensive ISO 17776 (2002) (see Appendix B). The 
advantage of applying that specific approach to an area of study is that it takes in 
account consequences with regards to reputation in addition to people, assets, and 
environment. Meanwhile, the approach uses a factual probability terminology, as 
opposed to more general terms in the previous matrix, leading to it being easily 
applied to operations with long history and difficult to apply to systems with limited 
history (Rausand, Risk Assessment: Theory, Methods, and Applications, 2011). 
Table 6. Severity classification in MIL-STD-882D (2000). (Rausand, Risikoanalyse - teori og metoder, 2009). 

Category Description 

Catastrophic Any failure that could result in deaths or injuries or prevent 
performance of the intended mission 

Critical Any failure that will degrade the system beyond acceptable limits and 
create a safety hazard (could cause death or injury if corrective action 
is not taken immediately) 

Major Any failure that will degrade the system beyond acceptable limits but 
can be counteracted or controlled adequately by alternative means 

Minor Any failure that does not degrade the overall performance beyond 
acceptable limits – one of the nuisance variety 

 

Risk assessment advantages and limitations 
Applying a risk matrix framework when analyzing potential risks within a system has 
many efficiency and communication benefits, but also limitations (see Table 7). When 
using models to make assessments of reality it is important to understand the abilities 
and inabilities of that model in order to be able to draw adequate conclusions thereof. 
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Table 7. Advantages and limitations of risk matrices. (Rausand, Risk Assessment: Theory, Methods, and 
Applications, 2011). 

Advantages Easy to use and does not require extensive training 

Easy for decision-makers to understand 

A common tool in risk assessment, with a long track record 

A good basis for risk discussions 

Suitable for relative ranking of risks, prioritizing risk reduction 
measures, and when examining the need for more detailed analyses 

Limitations Does not follow any standard terminology or layout, so it may be 
difficult to compare results from different studies 

Look at the hazardous events one by one rather than in accumulation, 
whereas risk decisions should really be based on the total risk of an 
activity 

Can be used only for hazardous events identified (the risk matrix does 
not identify any additional hazardous events) 

 
In general, the benefits with regards to using a risk matrix is that it extracts and 
structures the known risks, leading to a mapping of the current situation that all 
stakeholders can contribute to. However, it is limited to being a tool for structuring 
and visualizing that is unable to provide information that is not already known. 

Risk acceptance 
A standard related to risk assessment, NS 5814 (2008), stipulates that "the results of 
risk analysis must be compared with the criteria for acceptable risk" and that risk 
acceptance criteria must be defined preceding a risk analysis. The standard defines 
risk acceptance criteria as “criteria used as a basis for decisions about acceptable 
risk”, and acceptable risk as “risk that is accepted in a given context based on the 
current values of society and in the enterprise” (Rausand, 2011). Thereby, the 
standard acknowledges that a certain level of risk will be omnipresent, so the issue 
facing decision makers is not how to get rid of risk, but rather specify boundaries as to 
what are acceptable and inacceptable levels of risk, and take appropriate action in 
order to contain risk within those boundaries.  
In essence, risk acceptance is a function of the perceived benefits of accepting a risk, 
and is, as a result, subjective to the assessor of the risk. Consequently, an event with 
the same frequency (possibility) and level of consequence may be acceptable for one 
party but inacceptable for another (Rausand, 2011). 
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4.2. Diffusion of innovation 

Product Life Cycle 
Product life cycle analysis is a model mainly applied in analyzing the introduction and 
inevitable decline of a product from a marketing perspective (Jobber & Fahy, 2009). 
It provides insight into the implication of a product’s maturity on aspects such as 
strategies and promotion (see Table 8). 
In the introductory phase of a product’s implementation the final product may not be 
fully developed. Often times, and especially with regards to technological 
innovations, it is the customers in the introductory phase, the innovators and early 
adopters (see Figure 18) who finance the final development, and the extinction of 
initial glitches in the product. The price in this stage will be higher due to mainly the 
innovators not being as sensitive to price, given that they purchase the product not out 
of necessity but a passion for the technology or the brand. In addition, the pricing is 
high because costs are higher in the initial phase of a product life cycle – economies 
of scale may not have been set in effect yet. As time progresses and the product starts 
penetrating the market the price will drop, and performance of the product increase 
(Jobber & Fahy, 2009).   In essence, the earlier an individual or an organization buys 
a product the higher the price for an inferior performance. 
 
Table 8. Marketing objectives and strategies over the product life cycle. (Jobber & Fahy, 2009) 

 Introduction Growth Maturity Decline 

Strategic 
marketing 
objective 

Build Build Hold Harvest/manage 
for cash 

Strategic 
focus 

Expand market Penetration Protect share Productivity 

Brand 
objective 

Product 
awareness/trial 

Brand 
preference 

Brand loyalty Brand 
exploitation 

Products Basic Differentiated Differentiated Rationalized 

Promotion Creating 
awareness 

Creating 
awareness/trial 
repeat 
purchase 

Maintaining 
awareness/repeat 
purchase 

Cut/eliminated 

Price High Lower Lowest Rising 

Distribution Patchy Wider Intensive Selective 
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Diffusion of Innovation 
A product spreads through a market over time and a central issue to this diffusion of a 
new product is that different organizations have different levels of readiness of 
purchasing the product. A minority of the market will be willing to adopt a new 
technology before it is a generally sought after item. The organizations making up  the 
first two segments of the diffusion of innovation curve (innovators and early adopters) 
are generally more financially stable the more benefit an innovation will bring to the 
buying organization, the more the organization will be willing to purchase the product 
(Jobber & Fahy, 2009). 
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Figure 18. Diffusion of an innovation. (Jobber & Fahy, 2009) 
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5. RESULT 
The results of the risk analysis as well as relevant findings from interviews and 
literature are presented below. Firstly, the current state of the Swedish railway sector 
is mapped by discussing ways in which the developments of the sector (predominantly 
related to the deregulation of the market) has impacted implementation processes of 
technology and technological development. Finally, an analysis of the issues posing a 
risk to the implementation of ERTMS in Sweden is presented. 

5.1.  Technological Development in the Swedish Railway Sector 

Drivers of technological development 
As the deregulated market has opened up for a greater number of operators, the size of 
the operators has decreased. As a result, there is no longer the same financial strength 
to drive technological development in each and every operator, as there was for the 
monopoly holder during the regulation (Vectura representative, 2013) (Ass. of 
Swedish Train Op. Companies representative, 2013). 
In an attempt to solve the issue related to financing technological development 
(among other issues) the operators founded the Association of Swedish Train 
Operating Companies. In effect, the operators see themselves along with the 
manufacturing industry as the drivers of technological development in the sector (Ass. 
of Swedish Train Op. Companies representative, 2013) (Mälab representative, 2013). 
Meanwhile, the Swedish Transportation Administration regards their organization as 
the main driver of technological development on the market, arguing that because the 
operators have limited financial capabilities to innovate, such incentives must come 
from elsewhere (Swedish Transportation Administration rep. F, 2013). 
Capacity can only be guaranteed one year at a time which leads to decreased 
investments in innovation from the operators’ side (Swedish Transportation 
Administration rep. A, 2013). X2000 is one example where the trains only get face-
lifts but are not being replaced by new technology (Vectura representative, 2013). 

“Long term investments need foresight, and the current system, with guaranteed 
capacity for only one year at a time, does not provide that.” 

– Representative from the Swedish Transportation Administration 
As previously mentioned, the railway sector in Sweden is very interlinked. As a 
result, development processes within the sector are affected by these strong 
interdependencies between the different actors in the industry – creating an 
environment in which the different parties need to collaborate to a larger extent than 
many other industries. Operators, manufacturers, infrastructure, and legislators all 
need to collaborate in order to develop technology in the sector, which leads to 
tedious development processes (Ass. of Swedish Train Op. Companies representative, 
2013). Adding further weight to the issue are EU regulations making development 
processes cumbersome due to lengthy processes and verifications (Mälab 
representative, 2013).  

“The structure in the sector means there is being little possibility of leapfrogging.” 
– Representative from Association of Swedish Train Operating Companies 
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National to international development 
During the regulation, the Swedish railway sector was comprised of two parties with 
regards to technological issues – ASEA as the sole supplier of new technology, and SJ 
as the sole customer. The technology for new technology was entirely domestic, with 
little to no utilization of international suppliers (Mälab representative, 2013) 
(Government Offices representative, 2013) (Swedish Transportation Administration 
rep. A, 2013) (Branschorganisationen Tågoperatörerna, 2013) (Vectura 
representative, 2013) (Swedish Transportation Administration rep. E, 2013) (SJ 
representative, 2013).  A tie between the two domestic organizations emerged to a 
level where personnel from the organizations were positioned on the other 
organization’s premises (Government Offices representative, 2013) and procurement 
processes were at times informal agreements between decision makers from each 
organization (Vectura representative, 2013).  
In the 1990’s a shift to a much more international railway market took place, for two 
reasons. Firstly, as Sweden entered the European Union, standards changed from 
being national to European, making it easier for actors on the international market to 
supply equipment and services to Swedish actors. Secondly, new entrants on the 
deregulated railway market started looking for suppliers on the international market, 
in hopes of finding a better deal. This development is not unique to Sweden and can 
be seen throughout the European market (Mälab representative, 2013). 
“National boundaries with regards to technological development have disappeared.” 

– Representative from Mälab  

Technological Know-How 
A shift in competency has occurred within the sector during the deregulation of the 
market. As previously mentioned, two organizations developed railway technology in 
Sweden in a collaborative effort – Statens Järnvägar, and ASEA. In the regulation era 
the know-how with regards to product and system development largely remained in-
house at the operator due to the close partnership between the two organizations. As 
the industry landscape changed, individuals within the sector started to change jobs 
and now the competency is spread across different organizations. Organizations have 
become more specialized, where the operators, as an example, outsource maintenance 
and other services. As a result of this specialization, and proneness to outsourcing, 
technological consultancies have thrived (Vectura representative, 2013) (Mälab 
representative, 2013).  
The result of this development is also a lack of competency in certain areas of the 
market. As barriers to entry have decreased, and the market for specialized services 
thrives, newcomers in the sector do not need to have the same level of know-how as 
would have been necessary without. Consequently, the sector as a whole has 
experienced a lack of competency (Vectura representative, 2013).  

“All you need to start a train company nowadays is some money and a laptop.” 

  – Representative from Vectura 
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5.2. Implementation Process of ERTMS in Sweden 
Interviewees from the side of the operators have unraveled a unison criticism and 
concern regarding the implementation of ERTMS in Sweden. The criticism has been 
twofold; on the one hand with regards to the implementation process, and how it has 
been managed by the policy makers, and on the other hand the effects it is expected to 
cause within the railway sector in terms of competition, and cost allocation. 

Drivers of the implementation 
ERTMS is an initiative from the European Union, and is to be incorporated in all 
member states (European Commission, Energy and Transport DG, 2006). Thereby, 
the main driver of this implementation on a broad scale is the European Union and the 
responsible agencies therein.  
However, different countries have taken different approaches and engaged to various 
degrees in the implementation, depending on the willingness within the railway sector 
and respective governments to do so (Mälab representative, 2013) (Government 
Offices representative, 2013) (Ministry of Enterp. Energy and Com. representative, 
2013) (Swedish Transportation Administration rep. A, 2013) (Swedish Transportation 
Administration rep. B, 2013) (Swedish Transportation Administration rep. D, 2013) 
(Vectura representative, 2013) (Swedish Transportation Administration rep. E, 2013) 
(Ass. of Swedish Train Op. Companies representative, 2013). Accordingly, the 
Swedish railway market has domestic stakeholders who drive the implementation 
forward. Meanwhile, findings in interviews have highlighted the significance of how 
a political policy is interpreted. Many claim that part of the reason why this 
implementation process has gone further in Sweden than many other countries is that 
Swedish decision makers have interpreted the texts differently than their European 
counterparts (SJ representative, 2013) (Swedish Transportation Administration rep. A, 
2013) (Mälab representative, 2013). 
These forces are mainly political, who both adhere to European Union legislation 
when implementing the system (Swedish Transportation Administration rep. E, 2013) 
as well as see monetary incentives with the implementation of ERTMS. The monetary 
incentives are mainly due to increased capacity on the tracks, and lower maintenance 
costs due to the abolition of physical signaling stations (Swedish Transportation 
Administration rep. A, 2013) (Vectura representative, 2013) (Swedish Transportation 
Administration rep. F, 2013) (Ass. of Swedish Train Op. Companies representative, 
2013). The main instigator of the implementation of the incumbent system ATC was 
the many serious train traffic accidents during the 1960’s and 1970’s as well as an 
incentive of cost cutting by elimination of the need of a co-driver (see section 3.1). 
Consequently, there has – in both cases – been a cost cutting incentive for the 
infrastructure holder, but in the current case the same incentives do not apply for the 
operators who currently see little to no benefit of the system (Ass. of Swedish Train 
Op. Companies representative, 2013) (Swedish Transportation Administration rep. A, 
2013) (Swedish Transportation Administration rep. E, 2013). 

“ERTMS is a nuisance to the operators because the locomotives need to be fitted with 
the new technology and the staff needs to be trained but the benefits for the operators 

are minimal.” 

– Representative from Swedish Transportation Administration 
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Cost structure 
All system implementation regarding the on-board systems will be financed by the 
operators.  
Initial attempts to alleviate the financial burden from the operators have been brought 
forth to the government, but met a negative response. The first attempt was to allow 
for subsidies to be distributed to affected operators, as this was turned down, the 
Swedish Transportation Administration is currently working on other measures to 
finance the implementation (Swedish Transportation Administration rep. F, 2013). 
Meanwhile, if subsidies or any other financial scheme should bring the cost down to 
50%, it would still be difficult for the operators to manage the financial burden that 
the implementation is causing (Swedish Transportation Administration rep. A, 2013). 
The Swedish Transportation Administration understands the situation that the 
operators cannot pass the costs onto their customers because there is no added value 
for the customers. Consequently, the Swedish Transportation Administration is eager 
to find methods of implementing the system, keeping the operators in business, while 
assuring that higher ticket prices or other mechanisms do not make railway customers 
abandon the sector for other modes of transport (Swedish Transportation 
Administration rep. F, 2013).  

“It is in our interest too, that the railway sector does not lose its competitive 
advantage to other modes of transport.” 

– Representative from Swedish Transportation Administration 
From the Swedish Transportation Administration’s perspective, the focus of running 
the project has been to focus on clear deliverables, and make sure that all parties 
involved have the same target in mind, and despite different actors wanting to 
improve or develop the system in one direction or another, make sure that one reaches 
a good enough state (Swedish Transportation Administration rep. F, 2013).   
When collaborating with so many actors it is also important not to let every initiative 
for improvement go in effect because changes in the conditions of the project will 
have a bigger effect the larger the number of the involved parties is. As a result, each 
request for improved functionality is thoroughly examined in order to not allow for 
time consuming added functionality that only increases the benefit of the system 
marginally (Swedish Transportation Administration rep. F, 2013). 
In this project the Swedish Transportation Administration is not the party that is 
overall responsible for the implementation of ERTMS in Sweden, nor is it the 
government; the collective body of involved parties are responsible for the 
implementation of ERTMS in Sweden. However, the Swedish Transport 
Administration does have a unifying function in this implementation process 
(Swedish Transportation Administration rep. F, 2013). 
A frequent point of criticism of the Swedish Transportation Administration today is 
that the organization enjoys a large amount of authority within the product and system 
development processes in the railway sector, and is a strong party in decision making 
in those processes, but lacks the operational knowledge needed to make well-
grounded decisions. Though the organization does not have the same amount of 
insight into the operation that an operator does, the same was still applicable in the 
time of the regulated market, when the large organization did not allow for top 
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management to have insight into the operations to any larger extend than does the 
Swedish Transport Administration (Swedish Transportation Administration rep. F, 
2013).  

Legislation 
Problems have arisen with implementation decisions made on European Union level 
that have adversely effected operations in Sweden. Various legislations have affected 
the railway system, but the Swedish telecom industry has also been affected by 
European Union legislation within the scope of the implementation of ERTMS. The 
3G/4G mobile network systems will interfere with GSM-R network in the 900 MHz 
frequency band. This interference made the operators unable, by European Union law, 
to get licenses to operate near any railroad track after July 1st 2015 (Trafikverket, 
2013). 
The legislation has adapted to the conditions of the mobile networks to allow 
equipment that filters out any disturbances in time for the ban on mobile network to 
not take effect. However, the case has sparked criticism with regards to the European 
Union legislators slowness in adapting legislation to conditions in the member states, 
and stakeholders of ERTMS have raised concern that, in the future the slowness of the 
European Union legislators may cause economic damage to society (Ministry of 
Enterp. Energy and Com. representative, 2013). 

Competition 
An operator concern is that because the operators are guaranteed capacity on the 
railway network one year at a time, competition is skewed towards favoring new 
entrants, and penalizing the incumbent operator on a stretch of rail. As the incumbent 
needs to pay for type approval of a locomotive, the new entrant may easily purchase a 
locomotive already equipped with ERTMS, a purchase it would have had to do 
regardless of ERTMS. Therefore, making the incumbent operators pay for the 
upgrade, while new entrants are able to surpass this expense by entering the market 
post-implementation. The operators’ concern is that the incumbent is consequently 
penalized financially, and that this creates an opening for new entrants to enter the 
market and put the smaller operators in a vulnerable position (SJ representative, 2013) 
(Ass. of Swedish Train Op. Companies representative, 2013).  

5.3. Risk Assessment 
Based on the findings in the literature and the interviews a risk analysis is presented 
below. The risk analysis does not take in to consideration the possible effects of the 
damage faults in the system may cause, such as miscommunication leading to train 
collisions. 
In this analysis the infrastructure holder, the government is represented by the name 
infrastructure, and encompasses all the governmental agencies who are stakeholders 
in the railway network. 
As previously stated (see section 5.1), there are no standards for the classifications 
within the risk assessment framework. In this thesis the categorizations of frequencies 
(possibilities) are adjusted for the current analysis (compare Table 5 and Table 9), as 
are the categorizations of consequences. 
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Table 9. Categorization of frequency of risks. 

Category Annual 
frequency 

Description 

5. Fairly normal 10-1 Event that is expected to occur frequently 

4. Occasional 1-0,5 Event that happens now and then 

3. Possible 0,5-10-1 Rare event 

2. Remote 10-1-10-2 Very rare event 

1. Improbable 10-2-0 Extremely rare event 

Technological risk 
Technical failures may cause different kinds of adverseness for different stakeholders. 
For the infrastructure owner, a technical failure may necessitate costs associated with 
a mechanic to go on-site and make a repair. For the operator, however, the main 
economic set-back may be with regards to loss of output. For the individual passenger 
a technical failure will in most cases not lead to any financial consequences, but rather 
being late to an appointment. 
New technology in general, runs the risk of needing continuous problem-solving 
efforts and updates. These initial glitches and updates will of course effect operations, 
and has proven to do so in the case of ERTMS (Norrtåg representative, 2013). 
Consequences of such problems may include, and not limited to: 

• Incurred repair costs  
• Increased maintenance costs 
• Decreased utilization of resources (tracks, personnel, inventory, etc.) 
• Decreased reputation of railroad as transportation mode 

Furthermore, technical failure is not a binary term, but may cause negative effects for 
the stakeholders in varying degrees – a minor glitch in the system will not cause as 
much trouble as a total system breakdown. In this risk analysis five levels of technical 
failure (see Table 10) are assessed with regards to frequency (possibility) (see Table 
9) and consequence (see Table 11). 
Listed below are five scenarios of risks associated with ERTMS that may cause 
various degrees of harm to the railway system’s continuous operations. The scenarios, 
and the categorizations of the consequence and frequency (possibility), are based on 
findings in the interviews. 
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Table 10. Definition of technical failure scenarios. 

Scenario Definition 

A ERTMS breakdown, damaging the system permanently and causing 
permanent damage to other technical systems. 

B ERTMS breakdown, causing permanent damage to the system. 

C ERTMS failure, producing the need for trouble-shooting and restart of 
the system. 

D ERTMS misbehavior, producing the need for restart of the system. 

E ERTMS misbehavior, causing disturbances with continued operations. 

 
Categorization of consequences are made with regards to four stakeholders of the 
railway network, the infrastructure owner, the individual operator, the individual 
passenger, and society (see Table 11). Assumptions with regard to the consequence 
classifications have been made and are listed below: 

• Society is assumed to be any public interest that is dependent on the part of the 
railway network that is affected, and not society at large. 

• Consequences related to infrastructure are assumed to be with regards to local 
conditions, and not consequences affecting the infrastructure owner at large. 

• Passengers are assumed to receive adequate replacement transportation in the 
case of long delays resulting in delay times not causing the same severity of 
consequences between passenger and operator. 

• Societal functions are defined as a service to society where the decline of 
which may pose a risk to individuals’ lives or health, public utilities, or 
society’s fundamental values (Swedish Civil Contingencies Agency, 2011). 
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Table 11. Categorization of consequences of technical failure for relevant affected stakeholders. 

C
at

eg
or

y Consequence types 

Authorities Operator Passenger Society 

5.
 C

at
as

t. Time for 
restoration of 
infrastructure ≥ 4 
months 

Disablement of 
parts of or all of 
operations 

Minor injury or 
worse of one or 
more passengers  

Impairment of 
important societal 
functions for ≥ 5 
days 

4.
 S

ev
er

e Time for 
restoration of 
infrastructure 2 – 4 
months 

Delayed output  ≥ 
8 hours or 
replacement 
transportation and 
repairs needed 

Delays ≥ 8 hours  Impairment of 
important societal 
functions for 3-5 
days 

3.
 M

aj
or

 

Time for 
restoration of 
infrastructure 2 
weeks – 2 months 

Delayed output 2 
– 8 hours and 
repairs or 
replacement 
transportation 
needed 

Delays 3 – 8 
hours 

Impairment of 
important societal 
functions for 1-3 
days 

2.
 M

od
er

at
e Time for 

restoration of 
infrastructure 2 
days – 2 weeks 

Delayed output 
30 min. – 2 hours  

Delays 1 – 3 
hours 

Impairment of 
important societal 
functions ≤ 1 day 

1.
 

M
in

or
 

Local infrastructure 
damage 
(restoration period 
≤ 2 days) 

Delayed output ≤ 
30 minutes 

Delays ≤ 1 hour No or brief 
impairment of 
societal functions 
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Table 12. Assessment of frequency (possibility) per level of severity of technical failure. 

Sc
en

ar
io

 Authorities Operator Passenger Society 
Fr

eq
. 

C
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s. 

R
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Fr
eq

. 

C
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s. 

R
PN

 

Sy
m
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Fr
eq

. 

C
on

s. 

R
PN

 

Sy
m
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l 

Fr
eq

. 

C
on

s. 

R
PN

 

Sy
m

bo
l 

A 1 3 4 ΩA 1 5 6 ΨA 1 3 4 ΦA 1 1 2 ϴA 

B 2 3 5 ΩB 2 5 7 ΨB 2 3 5 ΦB 2 1 3 ϴB 

C 3 1 4 ΩC 3 4 7 ΨC 3 2 5 ΦC 3 1 4 ϴC 

D 4 1 5 ΩD 4 2 6 ΨD 4 1 5 ΦD 4 1 5 ϴD 

E 5 1 6 ΩE 5 1 6 ΨE 5 1 6 ΦE 5 1 6 ϴE 

 Sum RPN = 24 Sum RPN = 32 Sum RPN = 25 Sum RPN = 20 

 
A mapping of the risks identified is made in a risk matrix (see Table 13) in order to 
visualize the risk situation as assessed. 
Table 13. Mapping of risks related to technical failure. 

Possibility/ 
Consequence 

1. 
Improbable 

2. 
Remote 

3. 
Possible 

4. 
Occasional 

5. 
Fairly 

Normal 
5. 

Catastrophic 
ΨA ΨB    

4. 
Severe 

  ΨC   

3. 
Major 

ΩA; ΦA ΩB; ΦB    

2. 
Moderate 

  ΦC ΨD  

1. 
Minor 

ϴA ϴB ΩC; ϴC ΩD; ΦD; ϴD ΩE; ΨE; 
ΦE; ϴE 

Acceptable 

Acceptable, consider further analysis 

Inacceptable, risk reduction required 

Financial risk 
Interview findings suggest that issues relating to the cost structure of the 
implementation of ERTMS in Sweden are the major concerns for the operators. 
Because the technical installation, approvals, licenses etc. are so costly, it may cause 
the smaller operators to go bankrupt (Vectura representative, 2013) (Mälab 
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representative, 2013). The authorities are aware of this situation, and are in agreement 
with the operators that the financial toll being put on operators needs to be handled 
(Ministry of Enterp. Energy and Com. representative, 2013) (Swedish Transportation 
Administration rep. F, 2013). 
If the actual costs associated with the implementation of ERTMS will rise above the 
current forecast it may pose a risk to the parties with a financial stake in the process 
(see Table 14). In the following risk assessment the relevant parties are categorized 
into three, infrastructure owner, operators (large), and operators (small) (see Table 15 
and Table 16). Large operators are defined as the passenger train companies on the 
Swedish market with an owner company being a state owned railway company in 
Sweden (SJ) another country (such as Tågkompaniet, owned by Norwegian State 
Railways). Small operators are passenger train companies without a state owned 
company as the owner, and are mainly owned by counties and municipalities. As 
small operators are not as able to get injection of capital from their owners as the large 
operators (Mälab representative, 2013), the distinction is made.  
Table 14. Scenario definitions financial implications. 

Scenario Definition 

A Costs greatly exceed current forecast 

B Costs moderately exceed current forecast 

C Costs somewhat exceed current forecast 
 

Table 15. Consequence type definitions of financial risks. 

Category 
Consequence types 

Infrastructure owner Operator (large) Operator (small) 

5. 
Catastrophe 

Financial burden bankrupts organization 

4. Severe Financial burden leads organization to default on payment(s) 

3. Major Financial burden makes organization unable to make planned 
investments 

2. Moderate Financial burden forces organization to take austerity measures 

1. Minor Financial burden has limited negative impact on organization 

In the assessment (see Table 16) the frequency (possibility) categorization used (see 
Table 9) is an adjusted form of the categorization found in theory (see Table 5). The 
consequence categorization used (see Table 15) is developed to accurately reflect the 
possible outcomes of financial risks for the affected organizations. 
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Table 16. Assessment of frequency (possibility) per consequence of financial risk. 

Scenario Infrastructure owner Operator (large) Operator (small) 

 

Fr
eq

. 

C
on

s. 

R
PN

 

Sy
m

bo
l 

Fr
eq

. 

C
on

s. 

R
PN

 

Sy
m

bo
l 

Fr
eq

. 

C
on

s. 

R
PN

 

Sy
m

bo
l 

A 3 2 5 ΣA 3 3 6 ΔA 3 5 8 ΠA 

B 4 1 5 Σ B 4 2 6 Δ B 4 3 7 ΠB 

C 5 1 6 Σ C 5 1 6 Δ C 5 2 7 ΠC 

 Sum RPN = 16 Sum RPN = 18 Sum RPN = 24 

A mapping of the risks identified is made in a risk matrix (see Table 17) in order to 
visualize the risk situation as assessed. 
Table 17. Mapping of financial risk. 

Possibility/ 
Consequence 

1. 
Improbable 

2. 
Remote 

3. 
Possible 

4. 
Occasional 

5. 
Fairly 

Normal 
5. 

Catastrophic 
  ΠA   

4. 
Severe 

     

3. 
Major 

  ΔA ΠB  

2. 
Moderate 

  ΣA ΔB ΠC 

1. 
Minor 

   ΣB ΣC; ΔC 

 

Acceptable 

Acceptable, consider further analysis 

Inacceptable, risk reduction required 
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6. CONCLUSION 
Results from the interviews and the risk analysis are discussed and are compared to 
theory. Furthermore, general inferences about the specific case of the implementation 
of ERTMS in Sweden are drawn in order to provide a basis for understanding of 
implementation of new technology at large. 

6.1. Technological Development in the Swedish Railway Sector 
Interviewees from the operators’ standpoint have all expressed that one organization 
within the network of organizations needs to take the overall responsibility for sector-
wide processes in general. Currently, the implementation process lacks this key 
player, according to the operators and their representatives.  
The organization with the outmost overview of the sector is the Swedish 
Transportation Administration. Its position between authorities, politicians and 
operators enables it to directly influence all parties in the sector. Meanwhile, the 
organization’s freedom to act on its own accord is limited, as was proven in the case 
where the Swedish Transportation Administration advocated to the government some 
form of subsidy scheme be rolled out for the operators, which was turned down. The 
Swedish Transportation Administration claims that it is no single actor’s 
responsibility, but rather up the market together to work this out. 
The driving entities of technological innovation and technological development in the 
railway sector have changed since the time of the regulated market (compare Table 18 
and Table 19). The role of the European Union as the long term stipulator of laws 
related to the railway sector makes it a highly influential entity in the Swedish market, 
a market it did not have any authority over in 1988. As a result, the European Union’s 
legislative authorities may be considered as the main driver of new technology in the 
Swedish railway sector, where directives related to ERTMS are such examples. 
In the regulated market the operator had close ties with politicians in the government 
(Vectura representative, 2013) and the government’s role was to develop laws, 
regulations, and standards to keep up with technological development. The Swedish 
government, and the (since 1988) formed agencies, now have a role to interpret and 
implement the directives from the European Union, and are in that sense no longer a 
driver of technological innovation or development. 
The operator in 1988 (Statens Järnvägar) engaged in collaborative innovation with the 
manufacturer of equipment (ASEA). It is classified as innovation in this report due to 
the degree of novelty many of the new technologies embodied (such as the X2000 
train that was engineered to go at comparatively very high speeds on tracks not 
designated for high speed trains). In the case of the operators, it becomes apparent the 
importance that the magnitude of foresight has on an entity’s ability to drive 
innovation. As interviews show, the operators may want to be part of the development 
of new technologies, but simply lack the necessary guaranteed authorization to 
operate more than one year at a time. 
The manufacturer of equipment in 1988 acted virtually alone on the Swedish market, 
and therefore developed its technology in close collaboration with its customer. 
Nowadays, the market for technological equipment is internationalized and subject to 
more competition. No longer are the manufacturers working closely, in a joint effort, 
with its customers to develop technology, but are conducting their development in-
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house and then selling that technology on the open market (Mälab representative, 
2013) (Government Offices representative, 2013). 
Table 18. Driving entities of new technology in the Swedish railway sector 1988. 

Entity Classification Method Foresight 

Government Regulatory 
modernization 

Laws, regulations and 
standards 

30+ years 

Operator Technological 
innovation 

Procurement and 
collaborative development 

~20 years 

Manufacturer Technological 
innovation 

Collaborative development ~10 years 

 

Table 19. Driving entities of new technology in the Swedish railway sector 2013. 

Entity Classification Primary method(s) Foresight 

EU authorities Technological 
and regulatory 
development 

Laws, regulations, and 
standards 

30+ years 

Swedish 
government 

Regulatory 
interpretation 
and 
implementation 

Regulations and standards 30+ years 

Swedish 
authorities 

Technological 
maintenance 
and regulatory 
implementation 

Administration and 
procurement 

30+ years 

Operators Technological 
modernization 

Upgrade current fleet 1 year 

Manufacturers Technological 
innovation 

Competitive development ~10 years 

 

6.2. Implementation Process of ERTMS 
In the case of ERTMS the driving force has been legislation, and authorities (both 
domestic and on a European Union level). This technology has therefore been forced 
onto organizations to adopt, regardless of their preference to do so. As theory states 
(see section 5.2), different organizations have different predispositions to adopt new 
innovation and this predisposition is linked to, among other factors, the organization’s 
size and financial capacity. However, when ERTMS was introduced into the Swedish 
railway system many of the first to implement the system were small actors, such as 
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Norrtåg. These actors neither had the size, nor the financial strength to be an early 
adopter by their own choice. This factor of forcing organizations that would naturally 
be against an adoption at such an early stage may have given rise to the amount of 
criticism that has been voiced from operators. 
The issue of fair competition is exacerbated by the order in which the system 
penetrates the market. From a geographical point of view some will be of 
disadvantage due to the operators operating on a track where the implementation will 
take place early. In the primary stage of the implementation process ERTMS was 
implemented on Bottniabanan. Meanwhile, as theory shows, a product will be more 
costly in the early periods of its life cycle, and become cheaper as economies of scale 
are achieved, and (in the case for product classes where competing firms supply the 
product) competition will drive the price down and performance up. From this 
perspective, the early adopters are at a disadvantage. Compared to the later adopters, 
they will pay a higher price for the product, and will have inferior reliability and 
performance than the operators that implement the system later in the process. 
The increased capacity is, according to representatives from the operators, the main 
benefit they see with the implementation of the new traffic management system; even 
though they have stated that it may not be noticeable or necessarily benefit their 
specific company. In light of this, some of the operators will benefit more than others 
with regards to the increased capacity they will experience on the tracks that they 
operate on. Due to some tracks being very congested, and others being sparsely 
trafficked, the implementation of ERTMS will have comparatively little effect on 
operators in some parts of the country. However, the decision to implement the traffic 
control system is all inclusive, and as a result, regardless of what benefit, real or 
perceived, each operator will experience, they will all need to implement the system.  
The implementation of ERTMS throughout Europe is essentially driven top-down, 
centrally from authorities on European Union level. It is imperative to acknowledge 
this factor when analyzing the implementation phase of ERTMS in Sweden. Problems 
with the distance between the law makers and the market have arisen, where the 
legislation surrounding GSM-R is one example (see section 6.2). In addition, the 
operators have claimed that the legislation is ill-equipped to handle a deregulated 
market and that the implementation process is adapted for a regulated market where 
the train and track distinction is less relevant (Ass. of Swedish Train Op. Companies 
representative, 2013). As shown, the Swedish railway system is the most liberalized 
within the European Union, the effects of any features that are skewed to the 
disadvantage of a deregulated market will consequently be most apparent in Sweden.  
The early phase of the ERTMS implementation process was handled in a manner that 
would have caused any commercially driven company to go bankrupt. As a procurer 
there are ways in which to procure so that the buyer will be free of responsibility if 
the process should not run as planned. However, since the governments of the 
effected countries are paying for the roll-out of the system, mistakes such as those that 
have been made can be made without repercussions. The cost structure is devised so 
that the tax payers are essentially economically liable for the implementation (Mälab 
representative, 2013). 
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6.3. Risk Analysis 

Technological risk 
As shown in the assessment of the risks for the affected parties associated with 
potential technical failures of ERTMS (see Table 13) the level of risk differs between 
the stakeholder parties. 
For the main driver of the implementation, the authorities, all risks but one are at a 
level without need for further consideration. This is mainly due to the authorities 
operations being largely unaffected by downtimes on the lines. If a failure were to 
cause prolonged disturbances on the railroad, the authorities per se would still 
maintain the majority of their revenue source (taxes), and would not see a drop in 
demand for their services. Potentially, the authorities may need to pay fines to 
affected businesses, though this cannot be considered to be a threat to their 
organization. For that reason, downtime in the functionality of the infrastructure will 
not affect the authorities noticeably, resulting in a generally low risk level.  
However, because the operators are solely dependent on the infrastructure to function 
in order for their operations to run, their allowance for downtime is smaller. As 
suggested in the assessment, the operators are much more vulnerable to events related 
to downtimes of ERTMS and other failures that the system may have. No issue in the 
risk assessment was inacceptable, meanwhile, no issue was without the need for 
further analysis, and the totaled RPN for the operators exceeded any other stakeholder 
group. This suggests that the operators are subject to a risk situation that needs 
addressing in order to be contained or achieve reduced levels of risk. 
Passengers are subject to low levels of risk and the risks they are subject to are merely 
with regards to delays that may be a nuisance. No direct risk to any person’s health 
with regards to ERTMS failure is identified. 
Societal risks in the assessment are with regards to any societal functions that may be 
adversely affected by the breakdown of the railway. It is assumed that any adverse 
effects of a breakdown of the railway may be overcome by substitution of other 
modes of transport. Subsequently, no societal function is solely reliant on an operating 
railway, while if other transportation networks were to be deemed unusable for 
extended periods of time the railway network may be of outmost importance to 
uphold societal functions.  
In addition, societal risk may be regarded on a wider scale than merely a threat to 
societal functions; it can be regarded as the long term environmental risks of a 
decrease use of the railway as a mode of transport. As rail transport is the most 
environmentally friendly mode (Trafikverket, 2013) it is important to uphold the 
publics’ inclination to choose it. If rail transport is associated with long and/or many 
delays, a decrease in the number of passengers may be an effect. Consequently, this 
will have a positive effect of greenhouse gas emissions, and a negative effect on the 
environment, ceteris paribus. 
All stakeholders received an RPN value of 6 in scenario E, deeming further analysis 
may be considered. The interviews disclose that this scenario currently occurs fairly 
often and is therefore, in a sense, no longer a risk but a reality. Hence, the issue needs 
addressing in order to allow for smooth operations for the affected operators and 
passengers. 
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Financial risk 
A considerable difference in risk is presented in the financial risk assessment (see 
Table 17). The authorities and the large operators have the same level of totaled RPN 
values (16 for authorities, and 18 for large operators) suggesting that the magnitude of 
risk a party is exposed to in the implementation of the technology is dependent on the 
financial strength of its owner. 
Meanwhile, two issues not present in the assessment are imperative to consider in 
order to conduct a correct risk analysis, namely that research shows a positive 
financial effect for the authorities in the implementation of the new technology, and 
that operators with state owned owner organizations may not necessarily run the risk 
of going bankrupt, but may very well decide to leave the market.  
Firstly, as the maintenance costs of the traffic management system is expected to 
decrease for the infrastructure owner (the authorities) the risk financial risk facing the 
entity may be lesser than the result in the assessment. The assessment assumed no 
such benefit to the authorities, given that the extent or the realization of which is 
unknown. However, if cost savings were to be estimated and deemed considerable, a 
reduction in the frequency (possibility) value would be appropriate.  
Secondly, if the costs of investing in ERTMS are to greatly exceed forecasted figures 
for a state owned train operator it is more likely that the operator will seize to conduct 
business on the Swedish market than file bankruptcy, as stated in the categorization of 
consequences (see Table 15). 
Interview findings suggest that some of the smaller operators do not have the capital 
to make an investment the size of implementing ERTMS in its fleet, and the result in 
the risk assessment support this claim. The small operators are exposed to a higher 
level of risk than the other two examined parties; even inacceptable risk in the case of 
the final costs greatly exceeding forecasts. Thereby, there will need to be actions 
taken in order to contain the risk that small operators are subject to.  

Aggregate risk 
The two risk categories that the assessment focuses on are interlinked in the sense that 
all risks need to be regarded as one risk (see Table 7) and that technological failures 
will inevitably affect the organizations’ finances. In addition, not only are 
technological failures expected to affect costs, as assumed in the assessment, but may 
also have a negative effect on revenue, stemming from customer dissatisfaction. For 
this reason an analysis of the two issues combined are analyzed. 
As stated (see section 6.2), interviews conducted within the scope of this thesis 
suggest a degree polarization between the authorities and operators with regards to the 
implementation of the new technology, in this case ERTMS, the result from the risk 
assessment presented above confirms that there is basis for this claim and sheds light 
on why these opposing views may exist.  
The risk matrices presented in the assessment (see Table 13 and Table 17) reveal 
different levels of risks taken on by different parties in the group of stakeholders. On 
account of this alone, it is reasonable to conclude that there will be differences in the 
willingness to implement a new technology given that the threats facing the 
organizations differ in magnitude. As both the technological risk and the financial risk 
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are much greater for the operators compared to the authorities, a certain level of 
difference in inclination to adapt the new technology is expected. 
Both with regards to technological risk and financial risk the operators (exclusively 
small operators in the latter case) were placed close to the value of inacceptable risk. 
Interviews have found that the operators in general are opposed to the way in which 
the technology has been implemented, pointing to the technology being unfinished 
and that some of the Swedish operators (involuntarily so) are part of a product testing 
with much operational disturbances as a consequence. This may be regarded as an 
expression of the operators opposing the level of risk they are exposed to, and as a 
result, the limit for inacceptable risk may need to be moved in order to attain a more 
accurate assessment of the situation, given that the willingness to take on risk is 
subjective. Therefore, such a measure may be suitable in light of the operators’ 
perceived lack of benefit with ERTMS. 

6.4. Overview 
By examining the specific case of the implementation of ERTMS in Sweden, general 
conclusions with regards to implementing new technology on a sector-wide basis may 
be drawn.  
The allocation of risk within the main group of stakeholders is a central issue and one 
that may be grounds for disagreement. Likewise, the allocation of benefits within the 
main group of stakeholders is equally important, and should be matched with the 
amount of risk that a stakeholder is exposed to, in order to avoid conflict in the 
implementation. If the allocation of risk and benefits is unevenly distributed where 
one party is perceived to reap most of the benefit and the other to bear most of the 
risk, conflict like what is present within the railway sector can be expected. 
Another difference that is present is the different parties’ length of perspective. As the 
authorities’ foresight is tenfold in length that of the operators’, the authorities will be 
able to acknowledge long term benefits with the system to a greater extent than the 
operators.  
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7. DISCUSSION 
A discussion about the findings and conclusions within this thesis is presented, as well 
as thoughts and opinions about the thesis process in general. Issues concerning what 
factors may have influenced the outcome of the findings, what could have been done 
differently, recommendations, and possible future work on the subject is also 
discussed. 

7.1. Thesis 
In this thesis the aim has been to provide one additional piece of the puzzle in our 
understanding of technology development processes. The area of study has been the 
implementation phase of that process, and in order to make this study a case has been 
chosen to delineate the scope of the thesis. The case, the implementation of ERTMS 
in Sweden, may seem vast and inappropriate to apply to development processes in 
other contexts. However, it is possible draw from this example parallels to 
organizational implementation processes, and change management processes in 
general; which has been shown.  

7.2. Interviews 
Provided that the implementation of ERTMS is currently one of the most expensive 
infrastructure projects in Sweden, and the fact that the implementation has been 
riddled with technical difficulties, it is safe to say that it is a hot topic within the 
industry. Many different organizations within the industry need to collaborate on the 
project, adding further attention to the issue. As a result, the topic has become 
polarizing and a bit controversial within the industry, resulting in many interviewees 
requesting not to be cited by name in this paper.  
It was actually evident from the start of the study of ERTMS that views related to 
methods of implementation, cost structures, responsibility structures are very 
polarized within the industry in one sense, and not in another. The different parties are 
not at odds with regards to acknowledging the predicament that the operators are put 
in, but how forcefully it is to be handled is a different story. The interviews give the 
impression of the Swedish Transportation Administration knowing, and 
understanding particularly the financial predicament, and did work to alleviate such 
issues. However, it was the government that was opposed to such measures being 
taken.  

7.3. Objectivity 
In order for the thesis to make a credible analysis of the situation, all the different 
stakeholders’ points of view needs to be taken into consideration and weighted against 
objective observations. Input and viewpoints from numerous operators, the interest 
organization representing the operators, and governmental agencies have all shaped 
the content of the analysis in this report. 
Furthermore, the polarization may have had an impact on the content of this paper, 
due to the interviewees’ views affecting the author. Naturally, the compilation of 
information, and the presentation thereof, has been made with the aim of maintaining 
the highest possible degree of objectivity. However, the risk for the author to have 
been affected by the polarized opinions on the issue at hand is a factor to be taken into 
consideration.  
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7.4. Risk Assessment 

Choice of method 
The appropriate risk assessment tool is a regular risk assessment matrix (see Table 2) 
and not a more comprehensive ISO 17776 (2002) (see APPENDIX B) due to the latter 
being reliant on historical data to conduct the analysis. As the sector in its current 
deregulated state is fairly new it is unreliable to base a risk assessment on such few 
years of data. 

Environmental effects 
In the risk assessment table presented in the theory with regards to classification of 
consequences according to their severity, the consequent type environment only takes 
into account the restitution of ecological resources. It therefore considers 
environmental resources as the only factor of environmental damage, and assumes 
that these may be restored. This assumption neglects the casualties of specific 
animals, which should be part of the analysis. Exemplifying by looking at an oceanic 
oil spill illuminates this flaw; even if the restoration of the habitats of the shores that 
have been affected takes less than 5 years, but thousands of animals were killed, that 
is not considered catastrophic in this risk analysis framework. Meanwhile, an entire 
species of animal may have been wiped out as an effect of this oil spill. Failure to 
observe these effects in the risk analysis may lead to a single minded risk analysis. 
This has not affected the risk analysis of the innovation implementation process of 
ERTMS. 

Property effects 
The previously mentioned risk assessment table classifies property risk in a manner 
that is, at least when applied to the system of the Swedish railway network skewed. If 
minor incidents occur, they may have great impact on the entire railway sector, given 
that the sector is interlinked to the degree it is. Therefore, a version for the railway 
sector and other industries with the same degree of being interconnectivity may need 
to be developed.  

7.5. Recommendations 
• The operators have been unanimous in their criticism that the system is not 

fully developed, and that the operators in Sweden have been testing the system 
in live operations. In order for the rail operators on the Swedish market to 
have equal opportunity, not only between each other, but also compared to 
other companies on the European market, a fully developed system should be 
in place for them to purchase and install to a similar price (and interference in 
their current operations) as any other operator within the European railway 
market. If that is not the case, the financially small operators in Sweden will 
have had paid the price, both literally and figuratively, for the Europe-wide 
implementation of ERTMS. 

• There needs to be more unity between the different stakeholders on how to 
strategically manage the situation. Therefore, representatives from all 
stakeholders should meet on a regular basis and discuss pressing issues. 

• Actions need to be taken with regards to the risk level that the small operators 
are exposed to. 
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7.6. Future work 
• The basic elements of many change management processes are present in the 

case of the implementation of ERTMS in Sweden. The European 
Commission’s roll-out of the technology has a striking resemblance to what a 
multinational enterprise may do when change processes are rolled-out into the 
organization from headquarters. Therefore, studying the implementation of 
ERTMS from a change management perspective may be appropriate. 

• Two stakeholder groups have not been incorporated within the scope of this 
thesis, manufacturers, and the freight railway operators. In future work it may 
be appropriate to study the process from their perspective. 
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APPENDIX A – INTERVIEW GUIDELINE 
• Briefly describe your background. 
• Give an overview of the events that have led up to where the implementation 

phase is today. 
• What role does your organization play in the sector wide implementation? 
• What is working well in the implementation of ERTMS in Sweden? 

o What is not working well? 
• Who drives innovation and technological development within the Swedish 

railway industry today? 
o How has this changed since the deregulation? 

• What is the priority on research and development, in your opinion, in the 
sector as a whole? 

o In your organization? 
• What benefits are there for the operators with the implementation of ERTMS 

in Sweden? 
o What benefits exist within ATC that do not exist in ERTMS for the 

stakeholder? 
• What benefits are there to the policymakers with the implementation of 

ERTMS in Sweden? 
o What benefits exist within ATC that do not exist in ERTMS for the 

stakeholder? 
• What benefits are there to society with the implementation of ERTMS in 

Sweden? 
o What benefits exist within ATC that do not exist in ERTMS for the 

stakeholder? 
• How is the cost structure of the implementation process? 
• How are the forecasts for the cost to the government going on target? 
• What are the costs for the operators? 
• What role does the European Union play in the implementation?  
• What legal issues are currently issues in the implementation phase? 
• What financial issues are currently issues in the implementation phase? 
• What technological issues are currently issues in the implementation phase? 
• Why is technological development important for the railway sector? 
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APPENDIX B – RISK MATRIX MIL-STD-882D (2000) 
Risk matrix MIL-STD-882D (2000) (Rausand, Risk Assessment: Theory, Methods, 
and Applications, 2011) 
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