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Abstract 
Many organizations are looking to implement data-driven technologies such as big data analytics, 

artificial intelligence and machine learning in their operations due to their rapid development and 

increased usefulness in recent years. With technology changing fast, it is difficult for managers to 

determine which sources of data are relevant in the context of these technologies. This paper aims 

to explore opportunities to implement data-driven technologies in the Stockholm metro. The 

technologies are assessed based on their usefulness and feasibility. The assessment is also done in 

regards to the current state of the organization in charge of the Stockholm metro, 

Trafikförvaltningen, and its internal capabilities.  

 

The study has been conducted through interviews aimed at understanding Trafikförvaltningen as 

an organization, as well as literary reviews of state-of-the-art technologies aimed at understanding 

what is technically possible. By aligning the state of the organization with current technologies, it 

was concluded that big data for preventive maintenance and smart grids for minimizing energy 

consumption were the most relevant data-driven technologies to implement.  
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Sammanfattning 
Många organisationer vill implementera datadrivna teknologier som stordataanalys, artificiell 

intelligens och maskininlärning i sina verksamheter på grund av de senaste årens dess snabba 

utvecklingstakt och ökade användbarhet. I och med den snabba teknologiska utvecklingstakten är 

det svårt för beslutsfattare att avgöra vilka datakällor som är relevanta för dessa teknologier. Den 

här uppsatsen syftar till att undersöka möjligheterna att implementera datadrivna teknologier i 

Stockholms tunnelbanesystem. Dessa teknologier är bedömda efter användbarhet och möjlighet 

för lyckad implementation. Bedömningen tar även hänsyn till det nuvarande tillståndet av 

organisationen som är ansvarig för Stockholm tunnelbana, Trafikförvaltningen, och dess interna 

färdigheter.  

 

Studien har genomförts via intervjuer som syftat till att förstå Trafikförvaltningen som 

organisation, tillsammans med en litteraturstudie av den senaste tekniken som syftat till att förstå 

vad som är tekniskt möjligt. Genom en analys av organisationens nuvarande tillstånd och 

nuvarande teknologier drogs slutsatsen att stordataanalys för preventivt underhåll och smarta elnät 

för minskad energikonsumtion är de mest relevanta datadrivna teknologierna att implementera.   
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Digitalisering, stordataanalys, dynamiska förmågor 
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1 Introduction 

The aim of this chapter is to provide the reader with a background of the 

subject as well as highlight the many challenges that exist within. It will then 

explain the purpose of this study and what challenges will be addressed. 

Lastly, the research question will be presented as well as the limitations of 

this study. 

 

1.1 Background 

1.1.1 The expansion of the metro network in Stockholm 

In 2014, the Swedish Government, Stockholm County and the four 

municipalities of Stockholm, Järfälla, Nacka and Solna signed an agreement 

called “2013 års Stockholmsförhandling” where they agreed on a plan for the 

expansion of the metro network in Stockholm (Region Stockholm, 2018). The 

purpose of this expansion is to accommodate the rapidly growing population 

in the Stockholm Metropolitan Area. In 2015, it was predicted that Stockholm 

would be the fastest growing city in Europe between 2015 and 2020 

(Stockholm Chamber of Commerce, 2015). The aim with the expansion of the 

metro network is to shorten the daily commute for the residents in 

Stockholm and to increase the number of residences built in the area. By 

expanding to areas where there are no residences currently, the city hopes to 

be able to build 78 000 new residences along the new metro stations. The 

value of these residences will be significantly boosted by their proximity to 

the subway (Trojanek, R., & Gluszak, M., 2018). While the metro network will 

be expanded with new stations, the train depots will also be expended to 

accommodate the increase in trains. The preliminary build time is between 

2018 to 2026. The key numbers of the project has been summarized in figure 

1. 
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Figure 1. Key numbers for the expansion of the Stockholm metro (Region Stockholm, 2016)  

 

 

1.1.2 Digitalization 

Many improvements in technology have been made in the last decade. With 

the emergence of Industry 4.0, many firms have to innovate in their business 

models to maintain competitive advantage in their fields (Müller, et al., 2018). 

Technological fields such as Internet of Things, hence forward referred to as 

IoT, have reached a critical point where it is ready to be used in real life 

applications in our society (Gubbi, et al., 2013). The use of IoT devices have a 

lot of potential in a wide variety of fields and the use of IoT has a lot of 

potential to create new industries (Bandyopadhyay, D., & Sen, J., 2011). In 

order for the Swedish economy to stay competitive, the Swedish 

Government has developed a digitalization strategy that all government 

actors in the public sector have to follow (Regeringskansliet, 2017). 
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One of the many applications for IoT devices is the prediction of equipment 

failure and maintenance planning. By using data from IoT devices together 

with Big Data Analysis, it is possible to predict when a specific piece of 

equipment will malfunction. This can in turn be used to plan maintenance 

work, so pieces of equipment get replaced before they malfunction (Xiaoli et. 

al., 2011). It is also possible to use deep learning on big data to predict 

congestion in large-scale transportation networks (Ma, et al., 2015). While 

there are many different usages for data gathered using IoT devices, complex 

systems require special approaches to collect and centralize data. An 

approach that deals with data collection of complex systems is the usage of a 

Digital twin, which is a simulation of the system that uses the data gathered 

by IoT devices. By testing different sets of data in the digital twin, decision 

makers can test how the system performs in different scenarios (Tao, et al., 

2018). This can be used in planning, as well as to mitigate unpredictable user 

behavior in complex systems (Grieves & Vickers, 2016). Digital twins often 

use big data to model the system and make prediction and the two 

technologies can be used to complement each other (Qi & Tao, 2018) . 

 

With the increased data collection from the different technical systems in the 

metro such as ventilation and electricity, there is potential to further 

optimize these systems using data analysis. While the availability of data 

opens up new possibilities to leverage technologies such as machine learning 

and big data analysis, it also complicates the decision process for many 

managers wanting to use these new technologies. In a complex system such 

as the metro system, there is an abundance of data, some of it more relevant 

than others. It is therefore important that decision makers are able to 

systematically assess the different usages of the data in order to decide what 

data is relevant to collect. These decisions must be based on the overall goals 

of the different organizations and decisions should be based on their overall 

usefulness in helping the organization reach its goals. 
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While many technologies have proved their usefulness in scientific contexts, 

it is also important to consider the organizational aspect when implementing 

these technologies since it might affect current processes and structures. It is 

therefore important to consider how to handle the change management 

when changing the way that organizations work, centered around new 

technologies. 

 

Many companies invest in new digital technologies in order to build 

competitive advantage against their competitors. It is however different in 

the case of the Stockholm Metro, since there is no direct competitor and the 

main purpose is not to maximize financial payoff for its owners. It is therefore 

important to adapt existing theory and reasoning for building internal 

capabilities in order to fit with the organizational goals of the Stockholm 

metro. 

 

1.1.3 Privatization of the Metro 

Since 2009, the Stockholm Metro has been operated by MTR on behalf of 

Region Stockholm. While the overall customer satisfaction has risen since 

then (MTR, 2015), this further complicates the decision making process when 

new technology is implemented in the metro since more actors are involved. 

Maintenance work is also done by private companies that are contracted by 

Region Stockholm through Trafikförvaltningen. The privatization has 

therefore added a level of complexity, since it has decentralized 

responsibilities and information gathering. 

 

1.2 Problem Formulation 

The increased digitalization in our society creates a massive potential for data 

collection and current research suggests that there are many usages for it. It 

is however still hard to determine what kind of data should be collected and 

how it can be used. While the technology has improved a lot in the nearest 

decade, there are still a lot of applications that have yet to be researched. 
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The choice of what data to collect is therefore a complex and highly 

speculative matter, as the data collected might not be relevant until many 

years after the decision has been made. 

 

The difficulty of deciding what data to collect is especially relevant in 

situations where a lot of different equipment and actors are involved. In a 

large and complex system such as the metro network, it is not feasible to 

have a single actor that supplies all of the equipment, which further 

complicates the task of keeping track of all of the devices. Furthermore, there 

are many different government agencies and companies involved in the 

expansion and maintenance of the Stockholm metro. It is therefore an added 

challenge to make sure that the different actors gets access to data that is 

relevant to their own operations. Since the digitalization of the metro is a 

responsibility that is shared by many different actors, the guidelines for 

communication between the different actors need to be clear. 

 

While there are many different applications of technology in metro systems, 

it is important to understand the actual contribution of these data-driven 

technologies in relation to the goals of different organizations. It is not 

feasible to implement every single one of the technologies due to the 

amount of technologies as well as the lack of maturity in many of them. 

Decision makers will therefore need a way to assess the potential of different 

technologies in relation to their contribution to the organizations overall 

goals in order to decide which technologies to implement and what data to 

collect. It is also important to understand how easy the implementation of 

these technologies will be, based on costs and also how disruptive they are to 

the current work flows as well as the overall maturity of the organization. 

 

The direct value provided by the Stockholm Metro is hard to define. Even if 

the ticket prices do not cover the costs of operating the Stockholm metro, 

value is created for other parts of society, which in turn is value for the 
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country. The value contributed by these technologies should therefore be 

compared to how well they fulfill the visions and goals of the city. 

 

1.3 Purpose 

The purpose of this thesis is to determine what data is relevant to collect in 

the Stockholm Metro Station facilities. It will also suggest different usages of 

the data in a wide variety of fields, such as in decision support, process 

automation and maintenance planning. The usage areas will be within the 

three organizational focuses of the Stockholm Public Transport which is 

safety, reliability and sustainability. A framework for assessing different 

opportunities of data collection based on their business value and feasibility 

will be proposed. This framework will then be used to assess the different 

opportunities present in the Stockholm Metro today. In figure 2 below, the 

main technological areas are presented together with their organizational 

focus. 

 

 

 

 
Figure 2. Main technological areas. 

 



9 
 

1.4 Research Question 

As stated above, the thesis aims to research the different usages of data 

collected in the facilities of the Stockholm Metro Stations. The main research 

question is therefore: 

 

“What data-driven technologies are feasible to implement in the Stockholm 

metro system, how do they create value and what data needs to be 

collected to enable them?“ 

 

1.5 Thesis Limitation 

Although there are a lot of applications for IoT devices and Big Data analysis 

within the Stockholm Metro, this thesis will not focus on the vehicles, but 

rather on the infrastructure, buildings and installed equipment.   

 

1.6 Expected contribution 

Although there is a lot of research on how different technologies within the 

scope of industry 4.0 can improve the operations of an organization, there is 

a knowledge gap on how to assess these technologies in complex systems 

such as the metro system. Therefore, this thesis will contribute with a 

framework that will help decision makers to assess the potential of different 

technologies in relation to the goals of government agencies. In other words, 

this thesis will explore the gap between state-of-the-art technology and the 

goals of the different agencies involved in the operation of metro systems. 
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2 Methodology 

2.1 Methodological Approach 

The purpose of this thesis is to determine what data needs to collected to 

digitalize the Stockholm Metro Stations. To do this, the feasibility of 

application of IoT devices in the Stockholm Metro Stations needs to be 

observed. This will then have to be combined with theoretical applications 

for the gathered data. Data available in the existing infrastructure will also be 

investigated, especially form the various IT-systems that are in use in today’s 

metro. This thesis will therefore have an inductive approach (Blomkvist, 

Hallin, 2015), where data will be collected through literature and interviews. 

The data will then be analyzed at the end. By looking at what kind of data is 

needed to implement current research within big data-driven technologies 

and then explore the feasibility of such data collection and implementation of 

the technology, this thesis will determine how data-driven technologies can 

be leveraged to improve the Stockholm Metro Stations in line with the 

different goals of Trafikförvaltningen. While it would have been beneficial to 

include more than one metro system in this thesis, the complexity and 

nuances of each metro system would have been too complex to investigate. 

It should also be noted that the governance of metro systems throughout the 

world is heavily dependent on political decisions, which further complicates 

comparisons. 

 

2.2 Research Method 

This research will mostly be conducted through interviews. By interviewing 

key employees at the planning office for the expansion of the Stockholm 

subway, the feasibility of IoT installations and data collection will be 

determined. Interviews will also be held with the different actors involved in 

the Stockholm metro to find out how what data they collect and what kind of 

data they lack. 
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While this thesis will be focusing on the feasibility of implementing certain 

data collections from a technological perspective, the feasibility of 

implementing and using this data will also be analyzed with regards to the 

different capabilities available within the organizations involved. The overall 

process is illustrated in figure 3. 

 

 
Figure 3. Research design. 

 

2.2.1 Qualitative Research Approach 

The purpose of the qualitative data is to build a holistic view of the complex 

system that is the Stockholm metro. Since many different actors are involved, 

the dynamic between these actors are of great importance. In order to best 

leverage the technologies within Industry 4.0, the involved actors need to 

have a clear division of responsibilities and supply each other with data 

needed, e.g. the actor in charge of ordering new trains need to coordinate 

with the operator of the train traffic etc. 

 

Since the overall aim of the research is to determine the feasibility of 

implementing different technologies and what data collection is necessary 

for implementing them, the questions asked in the interviews will be focused 

on identifying available data streams, the feasibility of finding new data 

streams, as well as the technological capabilities needed to leverage the data. 

It will also explore the feasibility of implementation from an organizational 

point of view, like what different drivers of change are present within the 

organizations and what kind of projects are prioritized by management. Part 

of the research will then also be focused on finding out if the current actors 

in the Stockholm metro have the competence needed to leverage the 

technologies of industry 4.0 and what actors need to take responsibility to 

carry through the implementation. 
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2.2.2 Interviews 

The interviews will be semi-structured with questions sent out to the 

participants beforehand. The questions will be broad and open-ended to 

stimulate discussion. However, the questions asked to each interviewee will 

differ depending on their roles within the digitalization of the Stockholm 

metro. Participants will be chosen based on their participation in previous 

projects within the digitalization area, decision making powers within 

relevant organizations as well as their expertise in specific areas. The 

interviewees will differ from each other and the overall aim is not to do a 

comparison between them, but rather to build a holistic view of the problem. 

 

Interviews are subject to interviewer effects, which mean that the 

interviewer will be affecting the answers of the interviewee (Glassman et. al., 

1983). This is especially true in the context of semi-structured interviews, 

since the interviewer will be affecting the topics of discussion and might 

contribute with their own opinions and knowledge.  

 

2.2.3 Questions 

The questions can be categorized into the following 5 sub-categories: 

• Usage areas 

• Availability of data 

• Capabilities 

• Drivers of change 

• Data privacy and integrity 

Depending on the interviewees, the questions will be focused on different 

areas. The questions asked to managers will be focused on strategic issues, 

such as what goals need to be prioritized and questions about data privacy of 

the passengers, while interviewees with a more technical role will be asked 

more detailed questions about data availability and so forth. Four of the sub-

categories are aimed to examine the organization, while the last sub-
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category has a more technical perspective. This is illustrated in the figure 

below: 

 
Figure 4. Sub-categories of questions. 

 

2.2.3.1 Usage areas 

The questions regarding usage areas of data will mainly be focused on trying 

to understand the priorities of the different organizations and what 

challenges exists. It also aims to explore the overall attitude towards 

integrating new technologies in the organizations. 

 

2.2.3.2 Availability of data 

This thesis is focused on the different usages of data and it is therefore 

essential to understand what data is already available in the metro system. 

By investigating what data is recorded in the already existing system, 

opportunities for implementing machine learning and data analysis without 

requiring additional data gathering will be identified. 

 

2.2.3.3 Data integrity and privacy 

Sweden is a member of the European Union and therefore has to adhere to 

its data protection laws. One of these laws is The General Data Protection 

Regulation, hence referred to as GDPR, which was entered into force in 2018. 

This affects the handling of personal data, including data from passengers in 

the metro system (Datainspektionen, 2019). It is therefore important to 
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understand how this affects the usage of data in accordance to the 

technologies introduced in this thesis. 

 

2.2.3.4 Capabilities 

With the introduction of new technologies, new kinds of capabilities might be 

needed within the different organizations. This thesis will therefore also be 

examining what kind of expertise is needed to implement the new 

technologies and if it is available within the existing employees or if external 

help is needed, as well as the capabilities of the IT-infrastructure. 

 

2.2.3.5 Drivers of change 

An important aspect of implementing new technologies and ways of working 

is to understand what drives an organization to change. The main drivers of 

change within an organization is an important factor to consider when trying 

to understand what kinds of technologies will be adapted, since it will give an 

understanding of the underlying motivations behind the change.  
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3 Literature and Theory Review 

The following literature and theory review will first investigate the 

technological possibilities of data-driven technologies. It will investigate the 

organizational requirements for successful implementations of data-driven 

technologies.  

3.1 Industry 4.0 

The fourth industrial revolution, hence written as industry 4.0, represents the 

combination of the digital and physical world through the Internet of Things 

and Internet of Systems (Marr, 2016). The term was first used by the German 

government and gained wide usage after the 2011 Hannover Fair 

(Kagermann, Lukas, 2011). While this industrial revolution has a lot of 

strategic implications for companies, especially within the manufacturing 

industry (Zhou et. al., 2015), most of the research conducted is within the 

technological categories of computer science and engineering (Liu et. al., 

2015). However, since this thesis seeks to optimize the Stockholm metro 

system rather than trying to find ways to create competitive advantage 

through emerging technologies, the research done within the areas of 

computer science and engineering is enough for the scope of this thesis. 

 

3.2 Environment and health 

3.2.1 Smart Grids 

Big data analysis has many implications for metro systems. Not only can it be 

used in city planning and the building of smart cities (Rathore et.al., 2016), it 

can also be used to further optimize the many different systems available in 

the metro system. Smart grids that can reduce energy consumption have 

been a hot research topic in recent years, using technologies such as 

distributed generation and microgrids to offer a more sustainable way of 

consuming energy (Tuballa & Abundo, 2016). While the technologies of the 

smart grid can be applied to many different systems, it requires a more 

detailed stream of data from the system than traditional control systems in 

order to be implemented efficiently (Gungor et. al., 2011). 
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One of the possible applications of smart grids within the metro system is to 

minimize the amount of energy used. Good data enables the usage of smart 

grids and the minimizing of energy that the technology brings. The data 

streams from utilities can be divided into the four types of smart meters, grid 

equipment, third-party data such as weather data, and asset management 

data (Zhou et. al., 2016). 

 

3.2.2 Heating, ventilation and air conditioning 

Heating, ventilation and air conditioning (HVAC) systems are the largest 

consumers of energy in traditional building installations. It is therefore of 

great value to optimize the energy consumption of these systems in order to 

cut energy costs and reduce emissions. There are many different 

technologies that could be applied to this problem, for example evolutionary 

programming (Fong et. el, 2006), Markov decision processes and event-based 

optimization (Wu et. el., 2016), artificial neural networks (Afram et. el., 2017), 

all of which have been able to improve the efficiency with several percent 

without requiring additional data from the pre-existing systems, meaning 

that these results were achieved through the usage of software alone. 

3.3 Decision Support 

3.3.1 Traffic planning 

By having detailed and accurate data of energy consumption in metro trains, 

it is possible to determine an optimal driving pattern between any given two 

stations within the metro system from an energy conservation perspective, 

which in turn will lead to decreased energy consumed for the operation of 

trains. A study conducted within the Beijing Metro System has concluded 

that an energy usage reduction of 15 % is feasible (Su et. al, 2013). It is 

however not sure what the result would be if the same approach would be 

used in the Stockholm Metro, since the passenger density, distance between 

stations, train models etc. differ. 
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Knowledge of passenger flow is fundamental in the planning of the metro, as 

well as for decision support in case of emergencies such as fires or accidents. 

Big data from passenger flows can be used to forecast the short-term 

passenger flows, given that no major disturbances such as holidays are 

included. It is however necessary to have data from both exit and entry 

points alike (Wei & Chen, 2012). It is also possible to model the departure 

time choices for passengers with the same kind of data (Li et. al., 2018). 

Furthermore, when unexpected disturbances occur, passenger flow data can 

also be used to find the least energy-consuming train rescheduling options 

(Yin et. al., 2016). There has also been a lot of research on how to best plan 

timetables in oversaturated conditions like rush hour, as well as general 

optimization of timetables given different passenger flows and behaviors (Niu 

& Zhou, 2013)(Barrena et. al., 2014)(Niu et. al, 2015). This research gives a 

good starting point as to what kind of data is needed to model the traffic in 

metro systems and should therefore be considered when deciding on what 

data needs to be collected in the Stockholm metro.  

 

3.4 Preventive Maintenance 

One of the technologies driven by Big Data that has gained more attention 

recently is the field of product lifecycle management. While a lot of focus is 

put on its implications for product design and manufacturing, it also has 

implications for service and maintenance of products (Ren et. al., 2019). By 

combining physical data with virtual models (digital twins), it is possible to 

make the product lifecycle smarter and more efficient (Tao et. al., 2018). 

With the rise of cloud computing, it is now feasible to use Big Data from large 

systems in order to manage the product lifecycles (Li et. al., 2015). This can 

be done in order to facilitate active preventive maintenance, e.g. repairing 

escalators before they break down (Wan et. al., 2017). It should however be 

noted that the need for maintenance varies between different models of 

equipment. 
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3.5 Building health 

Another usage of Big Data in the metro system is to monitor the health of 

critical infrastructure such as bridges and buildings , with cost cuts being the 

main advantage (Wang et. al., 2018). Although this area shows promise for 

the future, it is out of the scope of this thesis. 

 

3.6 Core competencies and capabilities 

In order to understand the underlying reasoning for employers to invest in 

new capabilities such as new technology, it is important to understand the 

concept of core competencies. The concept of core competencies was 

introduced in 1990 and shows how organizations can be viewed as “[…] not a 

collection of strategic business units, but a portfolio of core competencies—

the company’s collective knowledge about how to coordinate diverse 

production skills and technologies.” (Prahalad & Hamel, 1990) This is part of 

the school of thought called The Resource-based view of the firm (Barney, 

1991) (Conner, 1991), which is used to determine which strategic resources 

has the potential to deliver competitive advantage to a firm. The main 

criteria’s for these key strategic resources, also known as the VRIN-criteria, 

are as follow: 

• Valuable - they enable the implementation of strategies that improve 

the firm’s efficiency and effectiveness 

• Rare – not available to other firms and competitors 

• Imperfectly imitable – not easily implemented by other firms and 

competitors 

• Non-substitutable -  not replaceable by some other common resource 

The resource based view provides a framework for managers when they 

need to assess what internal capabilities to invest in and develop. The data-

driven technologies investigated in this thesis can be considered a form of IT 

capability, although the competitive advantages provided are hard to assess 

since there is no direct competition. It is however still relevant to understand 

whether they are increasing the performance of the organization. Studies 
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have shown that there is a positive relationship between firm performance 

and IT capabilities (Chen et. al, 2014) (Stoel & Muhanna, 2009) (Bharadwaj, 

2000), meaning that stronger IT capabilities in organizations often lead to 

improved performance in different profit and cost-based measures. It is 

however unclear how to measure a firm’s IT capabilities and it has also been 

pointed out that the amount invested into developing these capabilities is 

not necessarily linked to the strength of the capability and that synergies 

within the firm play a significant role in the effectiveness of the IT capability  

(Stoel & Muhanna, 2009) (Bharadwaj, 2000). It has also been suggested that 

IT capabilities also effect administrative productivity and that its performance 

is dependent on the quality of a firm’s management process, which vary 

significantly across different firms and organizations (Patnayakuni & 

Patnayakuni, 1997). 

 

3.6.1 Dynamic Capabilities 

On recent years, the Dynamic Capabilities View of the firm has gained 

influence as a theoretical perspective in the field of strategic management 

(Schilke, 2014). The concept was first laid forward in 1997 (Teece et. el., 1997) 

as a framework to understand how sustainable competitive advantages are 

created and used for wealth creation and capture by firms through 

development of internal technological, organizational and managerial 

processes. In other words, it offers and explanation to analyze why certain 

firms adapt better to rapid technological change. A definition of the term is: 

 

”The  firm’s  processes  that  use  resources—specifically the processes to 

integrate, reconfigure, gain and  release  resources—to  match  and  even  

create market  change. Dynamic capabilities thus are the organizational   and   

strategic   routines   by   which firms achieve new resource configurations as 

markets emerge,  collide,  split,  evolve,  and  die.” 

– Eisenhardt & Martin, 2000 
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The concept of dynamic capabilities can be applied to almost all processes 

within an organization and is a suitable tool to understand how well an 

organization will be able to adapt to technological changes. From a 

management perspective, it is important to understand that the individual 

managers have a large impact on an organization’s ability to develop its 

dynamic capabilities (Teece, 2016) and that the cognitive skills of sensing, 

seizing and reconfiguring is an important factor in the success of these 

individual manager’s ability to develop the firm’s dynamic capabilities (Helfat 

& Peteraf, 2015). Efficient development of dynamic capabilities include the 

process of collecting, interpreting and internalizing technological and 

marketing capabilities from past projects, as well as developing knowledge-

databases (Marsh & Stock, 2003). 

 

3.7 Data and management 

The emergence of industry 4.0 brings a new paradigm to many industries, as 

it moves the focus from knowledge-driven processes to data-driven 

processes (Kitchin, 2014). Researchers argue that there are competitive 

advantages to be gained by using data-driven decisions rather than using the 

old frameworks, since data-driven decisions are based on real-time 

information from the real world (Chang et. al, 2014) (McAfee et. al, 2012). 

While there are many arguments that can be made to justify increased 

spending on data-driven technologies and decision making, the workforce is 

having a hard time keeping up with the surge in demand for data analysts 

and similar professions. An estimation made in 2011 saw that in North 

America alone, there was a shortage of 140 000 to 190 000 people with deep 

analytical skills and 1 500 000 managers and analysts with the required 

knowledge and education to properly take advantage of the data (Manyika et. 

el., 2011). 

 

The benefits of integrating data into decision making processes are evident, 

but the task of successfully implementing these technologies into the process 

of organizations is a complex issue. It has been suggested that the success of 
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incorporating data analytics into an organization is heavily dependent of the 

organization’s process-oriented dynamic capabilities, as well as the three 

pillars of infrastructure capability, microstructure planning and personnel 

expertise capability. Infrastructure capability focuses on the compatibility of 

data sources, their connectivity and modularity. Microstructure planning 

refers to the planning, investment and control of the data analytics projects 

(Wamba et. el., 2017). It has also been suggested the route of causality starts 

at the IT capabilities of IT personnel expertise, IT Management Capability, IT 

infrastructure flexibility, which in turn creates process oriented dynamic 

capabilities, ultimately leading to increased financial performance of the firm 

(Kim et. el., 2011). 

3.8 Summary 

It is obvious that there are several technologies being developed in recent 

years that, with a successful implementation, could be beneficial for the 

Stockholm metro. Many of the methods, such as the technologies within 

heating, air conditioning and ventilation listed under chapter 3.2.2, did not 

require data collection from additional IoT devices. Instead, they used 

existing data in order to find patterns and increase efficiency. The smart grid 

technologies listed under 3.2.1 also used pre-existing data, but combined the 

data from several different systems. When it came to preventive 

maintenance, the systems did not require additional IoT devices either, but 

they do however need a lot of data. The only technology that required 

additional IoT devices was the ones monitoring building health. However, 

decision support for traffic planning was done using data from both entry and 

exit points, which would require the Stockholm metro to expand their data 

collection to register exit points of passengers as well. 

 

While it is easy to state that certain technologies can achieve great results 

when implemented correctly, it is harder to understand if an organization has 

the capacity to successfully implement these kinds of technologies. Using the 

resource based view of the firm, research shows that dynamic capabilities 

within and organization has a significant impact when implementing new 
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technologies. The specific dynamic capabilities that have been pointed out as 

essential for the implementation of big data analytics and data-driven 

technologies are process-oriented capabilities, infrastructure capabilities, 

microstructure planning and personnel expertise.  

 

The requirements for different data-driven technologies have been identified 

together with the requirements for organizational capabilities in this 

literature review. These requirements have been identified as key factors to 

determine if a data-driven technology will be successfully implemented. 

Figure 5 illustrates the relation between them. 
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Figure 5. Relationship between the sub-sections of the literature review. 
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4 Interviews 

4.1 Selection 

As with any research that relies on interviews as the main form of data 

collection, the process for finding suitable interviewees play a critical role in 

the outcome of the entire study. The interviewees have been selected mainly 

through dialogue with Mikael Sundell Technology Support for control and 

surveillance systems at FUT, and Lennart Esklund who has been consulting 

for both Trafikförvaltningen and FUT, as well as through recommendation of 

the interviewees. The interviewees are presented in the table below. All of 

the interviewees are employed at Trafikförvaltningen, but in different 

departments and roles. All were asked similar questions, except for the 

Information Security Coordinator Mattias Af Rolén, who had an entirely 

different set of questions. All interviews took place at Trafikförvaltningen’s 

offices in Stockholm, except for the one with Magnus Almkvist, which was 

conducted over the phone. All of the interviews lasted about 45 minutes. 

 

Name Date Background Title Job Description 
Rolf Larsson 17/4 

2019 
Previously worked as a technician 
and engineer at various private 
companies  

Technical 
Administrator 

Administrator of the 
“lokalbanor” and is part of a 
group for alert and monitoring 
systems 

Sina 
Moghadassi 

25/4 
2019 

Degree in Engineering Physics 
from KTH, previous worked as 
project manager for IT projects 
and as a business analyst 

Chief IT 
Architect 

Chief IT Architect in charge of 
development and 
digitalization. 

Johan von 
Schantz 

3/5 
2019 

Degree in Mechanical Engineering 
from KTH, previous work 
experience in technical consulting 
and as IT director 

Technical 
Director 

Manager of the administration 
in charge of rail-bound 
infrastructure, as well as 
various other technical areas. 

Fredrik Sandell 8/5 
2019 

Energy engineer educated at 
Uppsala University, previous work 
experience from consulting and as 
an IT executive and CIO 

Head of Group 
Tele 

Head of the group at 
Trafikförvaltningen that 
administrates Telecom 
equipment 

Mattias Af 
Rolén 

7/5 
2019 

Worked since 2007 within Public 
Transport Administration 
(Trafikförvaltningen) and from 
2014 at Extended Metro 
Administration as a consultant. 

Information 
Security 
Coordinator 

Information Security 
Coordinator at 
Trafikförvaltningen 
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Since aug 2017 as employee at 
Public Transport Administration 
(Information Security Manager).  
 

Magnus 
Almkvist 

10/5 
2019 

Degree in Electrical Engineering, 
Computer Communication from 
KTH. Previous work experience 
from consulting and as a business 
analyst 

Domain 
Architect 

IT architect with focus on 
Enterprise level, leading 
elaboration work in the field of 
traffic information and real 
time information flow 

Figure 6. Information about interviewees. 

4.2 Answers 

The following questions were asked in all interviews, but due to the nature of 

semi-structured interviews and the different areas of expertise, the 

interviews all had different focus. The questions also varied between the 

interviewees, which is why not every interviewee has an answer listed each 

questions. The interviewees will be referenced by their titles in order to make 

it easier for the reader to understand from which perspective the reasoning 

is coming from. The questions are sorted after the sub-categories presented 

in section 2.2.3, but they were not necessarily asked in this order during the 

interviews. After each sub-category, there is short summary that also 

includes clarifications. However, the analysis of the answers is presented in 

section 5. 

4.2.3 Usage areas 

Interview question 1:  

Have you ever investigated/considered the possibility of using data-driven 

technologies such as machine learning, artificial intelligence and big data 

analysis? 

 

Technical Administrator: Have looked into the technologies and are familiar 

with them but have not implemented them and is looking forward to 

implement them in the future. 

Chief IT Architect: Have looked into the technologies and are familiar with 

them but have not implemented them on a large scale. There is a clear desire 

to incorporate these technologies in today’s offering, mainly to improve the 

passenger experience and find benefits to society. Real-time data and data 
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analysis will be important, especially when providing passengers with more 

detailed and updated information. 

Technical Director:  No large scale projects done with the technologies. 

However, pilot projects on a smaller scale have been done within the areas of 

monitoring infrastructure and predictive maintenance, namely the Quiet 

Track Monitoring System (QTMS), POS and Project Smart. 

Head of Group Tele:  Have looked into the technologies, Project Smart was 

the first project where data-driven technologies were tested. The project was 

originally meant to look over the alarm routines in the control and 

monitoring systems and after collecting a lot of data related to this, the 

project was expanded to also investigate if it was possible to use the data for 

preventive maintenance. The project used data collected in existing systems 

to predict alerts and after comparing the predictions with the real life alerts, 

it was determined that roughly half of all the alerts could be predicted 

proactively. Of course, some predictions that were made did not correspond 

to any real life alert, but that is probably something that could be solved in 

future research. The project was done with existing sensors and data, but 

with additional sensors, the results might have been better. Overall, the 

project yielded positive results, but due to budget constraints the project was 

discontinued, but if there were resources it is definitely something that the 

organization would have kept researching. Currently, Deutsche Bahn is doing 

similar research. It makes more sense for a larger actor like Deutsche Bahn to 

do this kind of state-of-the-art research, since Trafikförvaltningen is quite 

small in comparison. Trafikförvaltningen can hopefully use the results of the 

research done by other actors in the future.  

Domain Architect: Project smart is the only initiative implemented so far, but 

the need for more similar projects has been identified. The organization 

needs to collect data and build an information platform, as well as store data 

from sensors and other data sources. There is currently no general structure 

for this kind of data and information handling. 
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Interview question 2: 

Do you see any potential for automating your day-to-day processes? 

 

Technical Administrator: Yes, it would increase efficiency if the process of 

informing the maintenance entrepreneurs about issues could be automated, 

there could potentially be an increase in up-time. The maintenance 

entrepreneurs actually already have access to these alarms, but they have 

only been working with it for a year and therefore need support from 

Trafikförvaltningen to keep track. 

Chief IT-architect: There is a strong will to automate as much as possible, but 

the organization is not there yet. This can be because it is not mature enough 

yet, many of the systems are old and the specification of requirements was 

written a long time ago with different goals in mind. The organization has 

however increased its ability to use the digitalization perspective in recent 

years. 

Head of Group Tele: Automatically generated alerts have been discussed. 

There is currently a lot of manual analysis when alerts get triggered. It is 

however hard to implement reliable automatically generated alerts and 

corresponding actions plans. As an example, Citybanan, where this 

technology has been implemented, has a high frequency of fake alerts and 

unnecessary evacuations. Of course, with an AI or more data sources, this 

could be improved.  

 

Interview question 3:   

What technologies do you believe the organization has to develop in the 

nearest future? 

 

Technical Administrator: The asset management system that is currently in 

development is important. When it is finished, the process of monitoring and 

controlling equipment will be made easier and more efficient. 

Head of Group Tele: A lot of work has to be done within alerts, where we are 

looking into smarter handling of alerts. Preventive maintenance is also highly 
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relevant, since we are mainly reactive when it comes to maintaining 

infrastructure. Today, a lot of the maintenance and replacement of 

equipment is scheduled after a set amount of usage. With data-driven 

technologies, this could be made more efficient and equipment would not be 

replaced until it has reached its limit.  

Domain Architect: At the moment, the organization needs to develop the 

technology and systems to collect, store and handle data. The data needs to 

become more accessible and the organization needs to develop a 

standardized way of addressing this issue.  

 

Interview question 4:  

Have you looked into the following technologies: 

a. Smart Grids 

b. Forecast driven heating ventilation and air conditioning 

c. Building automation 

d. Big Data decision support 

e. Preventive maintenance 

 

Technical Administrator: Currently there is a lack of operations development 

in alarms and monitoring. There is currently a group that drives these issues 

that consists of the three areas building monitoring, BEST, railroad section, 

together with IT. Currently looking into forecast driven heating of rails, but 

there is a long way to go. Stations deep underground do not change that 

drastically in temperature depending on weather. Big data analysis for 

preventive maintenance would also be beneficial, but it is not something that 

has been implemented. Something that is needed is energy usage data from 

large equipment, so it can be analyzed and actions can be taken to reduce 

the energy usage. Preventive maintenance is relevant increasing the up-time 

on equipment,  but there is also the issue of keeping spare parts. A lot of the 

down-time is caused by not having spare parts readily available. 

IT-architect: What is most important to the organization are the technologies 

surrounding smart cities and the technologies used for data analysis. There is 
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an awareness of the importance of these technologies, but it has not been 

implemented on a larger scale yet. 

Technical director: What is most prominent is real-time monitoring and more 

detailed vehicle information. There is also a lot of work on how to improve 

the alarms and monitoring systems, and it is important that we balance costs 

and benefits, so our maintenance entrepreneurs do not react to too many 

alarms. There will be a lot of big data analysis, which can be used for 

preventive maintenance, but it is also important that the companies we work 

with also develop some of these capabilities. Preventive maintenance is 

something that we are looking at together with different consultancies and 

universities and it is something that is being researched. Of course forecast 

driven heating and ventilation and smart grids are something we want but it 

is not a primary priority. Right now there are a lot of actors in the industry 

who have the will to use these technologies mentioned, but few of them 

have implemented in reality. 

Head of Group Tele: Smart grids are definitely something that is relevant 

today, especially with the environmental focus we have. Forecast driven 

heating and ventilation could also be relevant for the future. There is 

currently lot of work being done within building automation as well. Big data 

decision support is highly intertwined with the alerts, control and monitoring 

systems. These systems have a lot of data, but the data is not utilized for 

preventive maintenance, but rather to raise alerts. Hopefully, these alerts will 

be smarter in the future. 

 

Interview question 5: What projects do you think are the most urgent for 

your organization to pursue? 

 

Technical Administrator: The monitoring system is being developed, and the 

analytics will come after that is done. Consolidation of data and operations 

development is also issues that will need developing. 

IT-architect: A big data and analytics platform. Also, the traffic information 

system of the future that is based more on real-time data rather than 



30 
 

timetables. Passengers should be able to see delays and other relevant 

information when they need it. Preventive maintenance is also important for 

the future so that the organization can become more efficient. 

Technical director: What is most important is preventive maintenance and 

sensors in the systems that we easily could monitor, as well monitoring of 

railroad switches similar to POS. A consolidation of alarms and monitoring is 

also important, which also could be used to improve the experience for the 

passengers with real-time information. Better monitoring of server halls 

would also be beneficial.  

Head of Group Tele: The projects being done with alerts, control and 

monitoring systems will be important. Being able to react to alerts before 

they happen will be important, not necessarily through machine learning or 

AI, but through taking action before incidents become real problems. 

Passenger flow could also be interesting to look at in the future, especially 

when it comes to how people move in crowded stations.  

 

 

4.2.1.1 Summary 

There are a lot of different usage areas for data-driven technologies, like 

preventive maintenance, big data decision support, real-time data analysis, 

overall automation of tasks and so on. The amount of IT-systems and 

maintenance entrepreneurs coupled with the overall technological 

immaturity of the organization makes it hard to implement these projects. So 

far, only two projects have been implemented and tried. These are Project 

Smart, where data analysis was used to predict maintenance and alerts in a 

railway system, and Quiet Track Monitoring System, where the sound of the 

rails is used to predict maintenance and replacement needs. 

 

4.2.2 Availability of Data 

Interview question 6: 

What current data streams do you look at in your day-to-day operations? 
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Technical Administrator: When monitoring infrastructure, most of the 

information comes in the form of alarms from the SCADA-system 

(Supervisory Control and Data system, control system) that go off when some 

equipment/installation is not working correctly. It can also be messages from 

the dispatch center when they need help determining who is responsible for 

fixing the specific issues. This information is then relayed to the correct 

maintenance entrepreneur so that they can solve it. The maintenance 

entrepreneurs have access to this data but might need help monitoring it. 

Chief IT Architect: Large amounts of data are generated all the time, such as 

data from vehicles with geographic positions and passenger count as well as 

information from the passengers, like what journeys they make. Information 

from passengers is however much more complicated, since you need respect 

their privacy and integrity and all of the laws that come with that. There is 

also data from the different pieces of equipment used in various stationary 

installations, control systems etc. This includes railroad switches, indoor 

climate systems, lights, heating and so forth. Also looks at external sources of 

data outside the Stockholm metro system, such as geographic and weather 

data. 

Technical Director: Mainly looks at data in POS. The data in POS is mainly 

energy usage data and is used to monitor the railroad switches. QTMS is a 

research project conducted in collaboration with Vinnova (the Swedish 

Innovation Agency) and others, the Swedish Innovation Agency, and it aims 

to monitor the health of the tracks and it is possible to monitor that data as 

well, but it is not done on regular basis today. 

Head of Group Tele: The Tele-group mostly works with case management 

systems that use data from different alerts that are triggered. Currently 

working on creating alerts that trigger events which trigger automated action 

plans. For example, if there is a fire alarm, the escalators will stop going 

towards the fire, and the ventilation will be altered.  

Domain Architect: Vehicle data from buses like positioning, speed, opening 

of doors and passenger count. Also looks at canceled trips. 
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Interview question 7:  

What information/data do you feel that you lack? 

 

Technical Administrator: Would like to be able to see the temperature of the 

railroad switches as well as their energy usage in order to be able to service 

them before they fail. It is important to see if the heaters in the railroad 

switches are broken before it affects the equipment. This requires data 

gathering data from the PLC as well as setting alarms in the SCADA-system. 

Chief IT Architect: There is a lot relevant information existing in the systems, 

the issue is that it is not consolidated. Right now there is a lot data that is 

used on local level, but there needs to be centralization of data so that more 

advanced analytics can be applied and so patterns can be found. The 

equipment that is purchased often come with all of the necessary sensors, 

especially the vehicles, the issue is that it needs to be gathered in a more 

efficient manner. The data gathered in the different systems is currently used 

for quite narrow and specific purposes and is not used for large scale analysis. 

Technical Director: It depends on what you are aiming for. The largest 

problem is railroad switches, where there a lot of disturbances. The rails are 

also important and we are using QTMS to monitor them. There have been 

cases where sound is used to determine the health of an escalator, where 

you start off by recording the sound of the escalator during the course of a 

day. The sound of the escalator is then continuously monitored and if it 

diverts in sound, it might be an indicator that something is wrong and that it 

should be inspected. Actions can be taken proactively before the equipment 

brakes down, for example when there is gravel in the machinery. The issue 

with escalators now is that it takes a long time to get replacement parts. 

There is also an ongoing investigation into what alarms are needed in our 

installations to best take care of the equipment. 

Head of Group Tele: Not with today’s operations, but as soon as we are 

talking about preventive maintenance, there is a lot more to be done. The 

exact data sources depend on the problem that needs to be solved. With 

project smart, it was mostly seeing what could be done with current data 
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sources, but it would be better if we were to start with the problem and then 

ask the question, “What data do we need to solve this problem?”.  

Domain Architect: Energy follow up strategists wants to know more detailed 

information about fuel consumption and energy data. There is also a need for 

more data in the areas of passenger flow and travel patterns, which includes 

how passengers travel to and from different stations. There is also work to be 

done with the so called Digital Twins, which uses traffic data to simulate 

traffic. Another interesting area would be if it were to be possible to give 

real-time feedback to contractors, so that there can be a dialogue which will 

lead to continuous improvements. Since a lot of Trafikförvaltningen’s 

responsibilities consist of monitoring and following up on contract fulfillment, 

it would be useful to have detailed real-time data on the different KPIs stated 

in the agreements with the contractors. 

 

Interview question 8:  

How consolidated is the data within the organizations? How many large IT-

systems do you have? 

 

IT-architect: The data is not consolidated currently, but the organization is 

trying to consolidate and gather the data that is spread out within the system. 

Technical director: Currently, information about equipment is being 

consolidated within the BEST-A system, where there is potential to 

implement preventive maintenance. There are 350 systems in the 

organization, and 24 of those are for supporting technical administration 

(förvaltning). All these systems do not communicate with each other. BEST-A 

will hopefully solve some of those problems. 

Head of Group Tele: There is currently a lot of effort put into consolidating 

the data throughout the organization. One example of this is BEST-A, which is 

an asset management system that allows maintenance workers to use an app 

to document their work or to find information about different equipment.  

 

Interview question 9:  
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How much of the data in the systems is actually analyzed/used? 

 

IT-architect: A very small portion of the data is analyzed. 

Technical director: Only a fraction is used today. The data in the monitoring 

system is for example not analyzed on a regular basis, so actions and analysis 

only occur when alarms go off. 

Head of Group Tele: Data is not collected in the way that one would collect 

data when implementing big data, but the data that is collected today is used 

frequently.  

 

4.2.2.1 Summary 

The existing infrastructure in the Stockholm metro is able to pick up all data 

that is needed to run the current operations. It is however not consolidated, 

meaning that the data is spread between different databases and systems. 

Not all data is available in real-time either. If Trafikförvaltningen were to add 

functionality such as preventive maintenance, it is probable that more data 

would have to be collected. What this added data would be depends on the 

purpose of it and what exact technology would be used. Most of the data 

collected today is not used or stored. It should also be noted that BEST-A is 

an asset management system that is under development which aims to make 

it easier for maintenance entrepreneurs to find information about the 

equipment installed.  

 

4.2.3 Capabilities 

Interview question 10:  

What tools do you use to analyze this data? 

 

Technical Administrator: Does not use any particular tool to process/analyze 

the information coming out of the SCADA-system. There is no software to 

preprocess information, so the actions taken based on the data is largely 

dependent on experience. 
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Chief IT Architect: Does not use any particular tool to process or analyze the 

data, but aims to further develop the analyzing capabilities, especially for 

real-time analysis and processing. A lot of the analyzes done today is done in 

batches and on historical data, which limits its usability. Real-time data from 

buses will be gathered from buses starting this summer. The real-time data 

will hopefully be used to benefit the passengers by keeping them well-

informed during their trips. 

Technical Director: The data in POSS is analyzed by the maintenance 

entrepreneur Strukton and it is unclear what tools they use, but it is 

supposedly done manually by comparing graphs of energy usage. QTMS 

comes with analysis done by software and it suggests potential issues with 

the tracks based on sound. There is also error reports that are viewed 

through Qlikview, but it is not done in a structured manner. Business 

intelligence on traffic data and events are viewed through a business 

intelligence platform called SLBIstrW, but that data is also analyzed manually 

in order to see how well different entrepreneurs have delivered on their 

contracts. 

Domain Architect: There are data warehouses that can generate reports and 

data visualization software like Qlikview. The organization is generally bad at 

following up data and needs to improve the availability of information and 

data. 

 

Interview question 11:  

Would you consider your decision making process data-driven or experience 

driven? 

 

All: Experience driven 

 

Interview question 12:  

If you were to implement machine learning, artificial intelligence or big data 

analysis, would you need to hire external help, like hire new people or hire a 

consultancy? 
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Technical Administrator: There are in-house capabilities within many areas, 

but the organization will need external help to a certain degree, especially in 

the beginning. Within the area of preventive maintenance, it is important 

that the asset management system in development is functioning. 

IT-architect: External help will be needed in the beginning, but it is also 

important that the organization can internalize knowledge of these 

technologies. There might be a need for external specialists within these 

areas, but there has to be a core of internal employees that are capable of 

specifying the various requirements as well as maintain the systems. 

Technical director: There are a handful of people within the organization that 

have the capability to work with these technologies, so external help would 

be needed if it were to be implemented on a larger scale. The organization is 

however capable of running smaller projects within the area by itself. There 

is a need for people with knowledge of both the statistical analysis and 

models, as well knowledge of software development and implementation. 

Head of Group Tele: External help is needed, but there will not be any 

projects that are done entirely by consultants. Project smart was consultants 

only, but it was done more as a proof of concept. When we start working 

with preventive maintenance, we will have administrators in charge that will 

then in turn hire consultants to help out. It is important that 

Trafikförvaltningen can retain knowledge from these projects and develop 

the internal subject knowledge. There is currently no knowledge base system 

in the organization, but it would be interesting to have one. There are 

definitely people at Trafikförvaltningen that understand the systems and the 

benefits of data-driven technologies, but the organization is lacking in 

specialists within the subject.  

 

Interview question 13:  

What internal capabilities do you wish your organization would develop? 
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Technical Administrator: Analysts and people with more of a holistic view, as 

well as understanding the maintenance perspective. It will initially be an 

increased cost to develop these capabilities. But the maintenance 

entrepreneurs also have to develop their internal capabilities, and 

Trafikförvaltningen has to be better at specifying the requirements for those 

capabilities. 

IT-architect: The analytical capabilities have to be extended, and employees 

that are data scientists and understand machine learning will be needed. 

There is also a need for software developers that can for example build 

services based on the analytics and based on cloud-services. The organization 

currently uses cloud solutions such as Amazon web services. There are 

however many different laws that surround the data that is handled and it is 

important to monitor the development in those areas. 

Technical director: Analysis and IT systems, as well as knowledge of sensors 

and new technology. This is something to keep in mind when hiring new 

people, if we should hire people with the same skills as the previous 

employee at that position, or someone with a different profile. 

Head of Group Tele: The organization needs more knowledge within new 

and future technologies. It is important that Trafikförvaltningen has the 

internal knowledge to understand which technologies are worth investing in 

since there are so many and how to leverage these technologies to maximize 

value.  

 

4.2.3.1 Summary 

The current IT-infrastructure needs to make its data more available. There is 

a need for consolidation of data, so that data from different systems can be 

correlated with each other and patterns can be found. When it comes to 

personnel expertise, the organization possesses deep knowledge about the 

infrastructure, but is lacking in the data analysis aspect. There is therefore a 

need for external expertise when it comes to implementing data-drive 

technologies. The current operations and decisions are run based on 

experience rather than data. 
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4.2.4 Drivers of change 

Interview question 14:  

Do you feel it would be financially motivated to invest in this kind of 

technological research and development? 

 

Technical Administrator: It is hard to get consultant to do these things at the 

moment. At the same time, funding is decided by politicians, which makes 

the budgets hard to predict. It is dependent on which politicians are in power 

and so forth. 

IT-architect: It is definitely financially motivated and there are a lot of cost 

saving that could be done. The organization is different from regular 

companies in the sense that its purpose is not the maximize revenue and 

sales, but at the same time, the organization has to act as efficiently as 

possible with the resources that are given. It is also possible to increase the 

budget for different projects, but the decision to approve these investments 

lies with the politicians. 

Technical director: There is certainly potential to save resources by using 

these technologies. But our previous studies are showing that it is hard to 

show how money is being saved, since the contracts with maintenance 

entrepreneurs need to be adjusted in order to find balance between analysis 

and action. 

 

Interview question 15:  

What are the main motivators for change in the organization? 

 

IT-architect: The organization’s mission is to make public transportation 

available to the greater Stockholm area. It is the organization’s duty to create 

as much value as possible for its users. Important KPIs include up-time, 

distance travelled per day, amount of incidents, energy usage per distance, 

delays etc. Digitalization and AI will certainly play a role in improving these 

KPIs. 
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Technical director: Mostly efficiency or benefits for our society. It still needs 

to be financed by Region Stockholm, and it is therefore a combination of 

benefits for the organization and for the city of Stockholm. It is also hard to 

show that that an investment will lead to avoiding future costs, since it is 

hard to prove that those future costs will be there if the investment is not 

done. 

Head of Group Tele: Trafikförvaltningen is driven first and foremost by 

customer satisfaction, which is mainly based on up-time in traffic. The 

organization is also driven by environmental issues and being green. Cost 

saving are also important since it is tax money that is paying for everything. 

One of the interesting things about working here is the fact that it is not 

driven by profit like private companies.  

Domain Architect: Customer satisfaction and making sure that the value of 

the physical infrastructure does not lose its value or gets a shortened lifespan. 

Making sure that the money is used as efficiently as possible. 

 

Interview question 16:  

How is performance measured for employees? What KPIs do you look at? 

 

Technical director: There is still work to be done when it comes to 

performance measurement. Up-time and budget fulfillment are the two 

prominent KPIs today. 

 

  

4.2.4.1 Summary 

The performance of Trafikförvaltningen is mainly measured by customer 

satisfaction, budget fulfillment and sustainability. Customer satisfaction can 

be affected by other performance measures such as up-time and customer 

experience. The budget is set by politicians and can therefore vary depending 

on what politicians are in power.  
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4.2.5 Security 

Interview question 17:  

How do you feel about data privacy and security in your data collection? Do 

you consult with privacy and security experts when implementing new 

initiatives or projects? 

 

Technical Administrator: There will be an investigation on the vulnerability of 

the monitoring systems coming up and data security is an important issue. 

The main motivators attacking Trafikförvaltningen would be sabotage. 

IT-architect: There is a system for classifying information, based on 

confidentiality, availability and correctness. So there is an initial assessment 

done that will dictate how the system will behave, how open it will be and so 

on.  A lot of work is done within the areas of information security, data 

security and cyber security. This is something that is considered in all of the 

projects. 

Head of Group Tele: The data sources are all analyzed and classified using 

the KRT principle – confidentiality, correctness and accessibility. 

 

The following information was given by information security coordinator 

Mattias Af Rolén at Trafikförvaltningen in an interview. 

 

Trafikförvaltningen is an organization that is part of Region Stockholm. The 

organization is guided by policies and guidelines laid forward by Region 

Stockholm, as well as internal policies and guidelines made within 

Trafikförvaltningen. When assessment is done on whether or not something 

fulfills these guidelines regarding information and security, the compliance 

process is used. The compliance process is carried out through the following 

steps: 

1. Gap analysis 

2. Risk analysis 

3. Response assessment 

4. Implementation of defensive measures 
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5. Follow-up on measures 

Many of these measures are subjectively interpreted  by the person doing 

the review. When assessing the sensitivity of data, the three factors 

confidentiality, integrity and availability are used to determine what 

measures should be taken to protect the data (Information Security 

coordinator, 2019). 

4.2.5.1 Summary 

The handling of data is from a security perspective is largely dependent on 

the type of data and how sensitive it is. This is subjective and assessments 

have to be done case by case.    
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5 Analysis 

This chapter will first analyze the organization that runs the Stockholm metro, 

Trafikförvaltningen. The organization will be analyzed in respect to different 

kinds of internal capabilities. The different usage areas brought up in the 

interviews will then be analyzed. Lastly, a conclusion aimed at answering the 

research question will be presented. 

5.1 Trafikförvaltningen 

Trafikförvaltningen is a large organization that handles many different kinds 

of traffic in the Stockholm area, including boats, buses, subway trains, 

commuter trains and so forth. The focus of this study is the metro system, 

but it should be noted that the interviewees might also have been working 

with other modes of transportation as well. There is an interest in working 

with data-driven technologies and there has been a handful of pilot projects, 

but Trafikförvaltningen has not implemented this technology on a large scale 

yet (Technical director, 2019). When analyzing the underlying motivations 

and drivers of change within the organization, it is important to understand 

that the ultimate goal is not to maximize profits, but to maximize passenger 

benefits and benefits for society (Chief IT Architect, 2019). These 

measurements are highly subjective by nature, whereas traditional 

measurements of organization performance such as profits are easier to 

quantify and analyze objectively. This makes it difficult to do payoff analysis 

on projects and investments that are not directly aimed at cost saving, since 

it is harder to quantify the financial value of projects aimed at improving the 

passenger experience. Projects that aim to increase the up-time of traffic is 

also hard to translate into financial gain.  

 

Another factor that further complicates the analysis of Trafikförvaltningen is 

the fact that the organization’s budget is heavily dependent on the politicians 

that are currently in power in Region Stockholm (Chief IT Architect, 2019). 

This could make priorities shift unexpectedly, further complicating decision 

making in long-running projects. It should however be noted that the 
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Swedish Government’s goal is that Sweden will be the most digitalized 

country in the world (Regeringskansliet, 2017). 

 

5.1.1 Infrastructure Capabilities 

While Trafikförvaltningen in theory already has access to large amounts of 

data that could be used to power data-driven technologies, the data that 

they own are not consolidated but scattered throughout many different IT-

systems (Chief IT Architect, 2019). There is no interconnectivity between the 

different systems, which makes it harder to do advanced analytics and to 

correlate data from different sources. The lack of interconnectivity and 

centralization of data can largely be attributed to the fact that the 

requirement specification of the systems were written before the 

organization had begun considering the usage of data-driven technologies. 

The extraction of information from existing data sources are therefore one of 

the largest challenges that stand in the way of the organization when it 

comes to implementing data-driven technologies. There are currently 

projects in motion that aim to address this problem (Chief IT Architect, 2019), 

but before those projects are finished it is hard to tell how successful the 

implementation of data-driven technologies will be.  

 

Project smart has already shown that it is possible to leverage already 

existing data collections to do preventive maintenance and predict 

equipment malfunction using big data analysis (Group manager Tele, 2019). 

Since this is the only big data project that has been implemented at 

Trafikförvaltningen, it is difficult to determine if this approach of using 

already available data together with big data analysis to predict future 

maintenance needs is possible on other systems and forms of equipment. 

The project did not continue due to lack of funding and it is hard for an 

organization like Trafikförvaltningen to justify being the first mover and 

invest in this kind of state-of -the-art research. With the current procurement 

evaluations, it makes more sense to go with solutions that have been proven 

to work.  
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5.1.2 Personnel Expertise 

It has been stated that if data-driven technologies were to be implemented, 

the organization would initially need external help, but the long-term goal is 

to acquire the knowledge internally (Technical Administrator, 2019) (Chief IT 

Architect, 2019) (Technical director, 2019). While there might always a need 

for external help when it comes to niche challenges, it was also stated that it 

is important that the organization has an understanding of the new 

technologies, so that the specification of requirements can be done with the 

data-driven technologies in mind (Technical director, 2019). The organization 

currently lack personnel with the correct expertise in order to launch larger 

projects without external personnel. The purpose of Trafikförvaltningen is 

however not to conduct research, but to procure services and work with 

entrepreneurs. At the same time, it cannot outsource all of the learning and 

knowledge since it is important that Trafikförvaltningen has to have enough 

internal subject knowledge to specify requirement specifications and that the 

knowledge and experience gained in these projects are not lost in a change 

of contractor. This was also something that was also a concern that some of 

the interviewees laid forward (Technical Director, 2019) (Group manager Tele, 

2019). 

 
5.1.3 Available Data 

Trafikförvaltningen currently has all necessary data to carry out their day to 

day activities as they are today (Chief IT Architect, 2019) (Technical 

administrator, 2019). It is however unclear what additional data sources 

should be considered when implementing new data-driven technologies, 

since this depends on the main purpose of the technology. First, the available 

data has to be consolidated, so potential information gaps can be identified. 

This is currently being done and there are several projects that aim to gather 

and concentrate information so deeper analysis can be conducted and 

patterns can be found (Chief IT Architect, 2019) (IT director, 2019) (Technical 
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administrator, 2019). The potential usage areas will be discussed in detail 

under section 5.2.  

 

5.2 Potential usage areas 

The main usage areas for data-driven technologies brought up by the 

interviewees were preventive maintenance, real-time analysis and energy 

saving. These are the main areas where Trafikförvaltningen has considered 

applying data-driven technologies and it is therefore these areas that are the 

most relevant to this study. The ultimate goal of both preventive 

maintenance and energy saving is to cut costs for the organization by 

increasing efficiency, while real-time analysis of data is something that the 

organization wants to use to expand and improve the passenger experience 

and the passenger’s access to information.  

 

5.2.1 Preventive maintenance 

As stated in the interviews, the underlying philosophy of preventive 

maintenance is to solve potential issues before they arise and thus cut costs. 

(Technical Administrator, 2019) (Technical Director, 2019). As project smart 

showed, it was possible to do preventive maintenance with the pre-existing 

data, but the results could have been improved if additional data sources 

were added (Head of Group Tele, 2019). The additional data collection needs 

to be decided with respect to the problem that needs to be solved. Example 

of an additional data source that was brought up was sound, where the 

sound of infrastructure such as rails or escalators are recorded and then 

continuously monitored to find discrepancies. This technology is already 

developed for rails in QTMS (Technical director, 2019) and there are studies 

in Germany using similar technology for escalators (Technical Director, 2019). 

This is however something that is still being developed in the market and it is 

difficult to determine if this is the most cost effective method or if it is better 

than other methods. As stated earlier, Trafikförvaltningen is a relatively small 

actor in comparison to the other public transport providers such as Deutsche 
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Bahn, which makes it harder to justify investing in relatively unproven 

solutions.   

 

Although it is hard to motivate why Trafikförvaltningen should invest in 

research into preventive maintenance, it should also be noted that 

preventive maintenance affects the most important KPI of all, up-time. It is 

therefore important that the organization keeps investigating opportunities 

for preventive maintenance and invest in solutions that are proven to work in 

other similar organizations. Another factor that complicates the work with 

preventive maintenance is that the organization is dependent on 

maintenance entrepreneurs to carry out the maintenance, which means that 

the maintenance entrepreneurs have to integrate the preventive 

maintenance solutions into their work as well. 

 
5.2.2 Real-time analysis 

By providing passengers with real-time information about their journeys, like 

potential delays and disturbances, Trafikförvaltningen hopes to expand their 

product offering, which ultimately will increase passenger satisfaction. The 

majority of the information that needs to be communicated to the 

passengers is coming from the vehicles themselves, such as their position, 

how full it is, if it is delayed etc. (IT-architect, 2019). Although this is out of 

scope for this thesis, it is worth noting that this data is already being 

collected by the vehicles. The issue is that it is not processed in real-time and 

there is still work to be done in creating a protocol for IoT devices (Chief IT 

Architect, 2019) as well as setting up 5G-networks (Head of Group Tele, 

2019). After these devices are set up, it will be possible to install IoT-devices 

and use wherever necessary.  

 

5.2.3 Energy Saving 

It has been stated that a lot of energy could be saved if energy usage was 

managed smarter (Technical administrator, 2019). In order to evaluate how 

energy usage could be managed more efficiently, it is important to store 
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historical data of energy consumption. Although none of the interviewees 

were familiar with smart grids, there is an interest in investigating how 

energy could be saved. Saving energy through more efficient energy usage 

cuts cost and is also in line with the organization’s sustainability work. By 

looking at energy consumption of different devices and equipment, it is 

possible to determine if any of the physical installations are malfunctioning. 

Since Trafikförvaltningen mainly looks at the alerts sent out by their control 

and monitoring systems when determining if physical installations need 

servicing (Head of Group Tele, 2019) (Technical administrator, 2019), the 

organization is not aware of the patterns that occur before the alerts are 

triggered. This means that if a certain unwanted behavior is not modeled by 

an alert, the organization will be unaware that it exists. For example, if one of 

the heating devices in a railroad switches is malfunctioning and no alert has 

been created to look for this behavior, Trafikförvaltningen will not be made 

aware that the equipment is malfunctioning until the entire railroad switch 

fails due to being too cold. Thus, the energy consumption data from 

equipment can be used for both energy saving and for preventive 

maintenance.  

 

5.3 Conclusion 

Looking at the results from the interviews, it is possible to conclude that 

Trafikförvaltningen are currently developing its process-oriented capabilities, 

microstructure planning capabilities, infrastructure capabilities as well as 

their personnel capabilities. These capabilities, that are key to successfully 

implementing and integrating big data technologies (Wamba et. el., 2017), 

currently might be too immature but they are being prioritized within the 

organization. Since Trafikförvaltningen mainly works with procurement of 

services, it is possible that external consultants could provide the intangible 

capabilities like the process-oriented capabilities, microstructure planning 

and personnel expertise. It is therefore important that the industry as a 

whole catches up on the data-driven technologies. This will be slowed down 

by the shortage of knowledge on the labor market when it comes to analysts 
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(Manyika et. al., 2011). However, Trafikförvaltningen needs to develop its 

infrastructure planning first, increasing its compatibility, interconnectivity 

and modularity. This is currently being done in several projects such as BEST-

A, and after these projects have fulfilled their goals, the chance for a 

successful implementation of big data analysis will be significantly higher 

(Wamba et. el., 2017). With IT systems of consolidated data, it is possible to 

correlate information and find patterns for infrastructure malfunction and 

thus implement preventive maintenance. It will also be easier to find 

patterns in energy usage that can lead to waste minimization.  

 

While there are many promising opportunities for implementing data-driven 

technologies in the Stockholm metro, it is difficult to determine what 

additional data sources need to be installed before the data is consolidated 

and big data analysis is performed with pre-existing data sources. The 

additional sources that are needed will depend on a more exact definition of 

what problem needs to be solved, like “How often does this particular part of 

an escalator break down?”. Many of the different solutions to this kind of 

problem have been based on state-of-the-art research, but as with project 

smart, it is not financially feasible for Trafikförvaltningen to be investigating 

in this kind of uncertain and expensive research. Implementation of 

preventive maintenance should therefore first be attempted with pre-

existing data before investigating additional information sources. Project 

smart was successful in predicting infrastructure malfunction with pre-

existing data sources and with the rise of cloud computing it is possible to do 

similar projects on other kinds of infrastructure at a low cost, given that there 

is a comprehensive asset management system (Li et. el., 2015). This could be 

a potential project when BEST-A is completed. It was stated that the results 

of project smart could have been enhanced given additional data sources 

(Head of Group Tele, 2019). The additional information sources vary from 

case to case depending on what piece of infrastructure is being investigated.  
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When it comes to efficiently supplying energy to the infrastructure, there is a 

lot of potential for easy data collection that can later be used for big data 

analysis when the organization is mature enough. When the IT systems have 

been consolidated and Trafikförvaltningen has built up their expertise, it is 

possible to use the energy statistic for both preventive maintenance as well 

as making enabling smart grid technologies, although smart grids are also 

dependent on asset management data and weather data (Zhou et. el., 2016).  

 

Similar to smart grids, an efficiency increase for heating, ventilation and air 

conditioning can be achieved with pre-existing data (Fong et. al., 2006) (Wu 

et. el., 2016) (Afram et. al., 2017). This is however not something that has 

been investigated by Trafikförvaltningen, partly because the temperature in 

underground installations does fluctuate a lot (Technical administrator, 2019). 

This is therefore not something that is prioritized within the organization, 

which decreases the likelihood that it will be implemented in the future.  

 

5.3.1 Summary of conclusions 
When answering the research question: 

 

“What data-driven technologies are feasible to implement in the Stockholm 

metro system, how do they create value and what data needs to be 

collected to enable them?“ 

 

The answer is that big data for preventive maintenance and smart grids for 

minimizing energy usage are the technologies that are the most feasible 

technologies to implement given the current organizational state of 

Trafikförvaltningen. Big data for preventive maintenance create value 

through cost reduction and increasing up-time and can initially be done using 

pre-existing data sources. In the future, when Trafikförvaltningen and the 

industry as a whole has matured, additional data-sources from IoT devices 

can be added. Smart grids for energy minimization also creates value through 
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cost saving, and the data needed is energy consumption data, weather data 

and asset data.   
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6 Discussion 

6.1 Method 

The main method of data gathering was through interviews and the literary 

review. A large portion of the technical research has been done in Asian 

subway systems and it is not certain that their results are applicable to the 

Stockholm metro, since the Stockholm metro is built earlier. The climate in 

Stockholm is also cooler than the climate of the Asian cities in the studies, 

which means that functions such as air conditioning is not as big of an issue in 

Stockholm. Furthermore, the population density, difference in equipment etc. 

will also affect the applicability of those studies. One of the main reasons 

brought up in the literature for developing capabilities is to gain competitive 

edge. It is unclear how the motivations for developing capabilities differ 

when there are no direct competitors and thus no competitive edge to gain. 

 

Although conducting interviews is a reliable method of gathering data, the 

information gathered is highly subjective. Since they all work for the same 

organization, they might share similar views and experiences. However, the 

interviewees all had different positions and backgrounds, which diversified 

the answers. When discussing new technologies such as the data-driven 

technologies, many of the arguments made are highly speculative in nature 

and many applications of the technology has yet to prove their 

generalizability. As these technologies are further developed in the future, it 

might be clearer which technological approach will have the best 

performance.  

 

6.2 Reliability and validity 

The research had a qualitative approach and is therefore largely based on the 

researchers’ observations and interpretation of the collected data (Collis & 

Hussey, 2013).  Furthermore, it is impossible to replicate the study due to the 

difficulty of replicating semi-structured interviews. The reliability of 

qualitative research therefore tend to be low (Madill et. al., 2000). The 
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results of the interviews are also highly dependent on the characteristics and 

opinion of the researcher conducting the interviews (singer et. al., 1983). 

 

The validity of the thesis depends on whether the right subject has been 

studied in relation to the research question and if the sources of information 

used are valid and reliable (Collis & Hussey, 2013). The literature review has 

there been conducted using articles from trusted journals and books from 

trusted publishers. Despite this, it is still not possible to guarantee that the 

information laid forward by these sources will not be invalidated in the future. 

Regarding the interviews, in order to increase validity, each interviewee was 

given the questions beforehand and therefore had a chance to prepare their 

answers. It should however be noted that all of the interviewees are working 

within the same organization, which gives a less nuanced perspective 

compared to studies where the interviewees are further distanced from each 

other.  

 

6.3 Sustainability 

Smart grids will not only contribute to Trafikförvaltningen by cutting costs, 

but also by decreasing the overall energy usage. This is in line with the overall 

sustainability goals of Trafikförvaltningen.  

 

The argument can also be made that any improvement of the customer 

satisfaction and customer experience for the customers of 

Trafikförvaltningen also will contribute to an overall more sustainable society. 

This is because using public transportation to travel often times is a more 

sustainable way of travelling compared to driving cars.  

  



53 
 

8 References 

Afram, A., Janabi-Sharifi, F., Fung, A. S., & Raahemifar, K. (2017). Artificial 
neural network (ANN) based model predictive control (MPC) and 
optimization of HVAC systems: A state of the art review and case study of a 
residential HVAC system. Energy and Buildings, 141, 96-113. 
 
Bandyopadhyay, D., & Sen, J. (2011). Internet of things: Applications and 
challenges in technology and standardization. Wireless Personal 
Communications, 58(1), 49-69. 
 
Baden-Fuller, C., & Haefliger, S. (2013). Business models and technological 
innovation. Long range planning, 46(6), 419-426. 
 
Barney, J. (1991). Firm resources and sustained competitive 
advantage. Journal of management, 17(1), 99-120. 
 
Barrena, E., Canca, D., Coelho, L. C., & Laporte, G. (2014). Single-line rail rapid 
transit timetabling under dynamic passenger demand. Transportation 
Research Part B: Methodological, 70, 134-150. 
 
Bharadwaj, A. S. (2000). A resource-based perspective on information 
technology capability and firm performance: an empirical investigation. MIS 
quarterly, 169-196. 
 
Blomkvist, P. & Hallin, A. (2015). Metod för teknologer. Examensarbete enligt 
4-fasmodellen. Lund: Studentlitteratur AB. p. 48, 65, 74 - 91, 108 - 111. 
 
Chang, R. M., Kauffman, R. J., & Kwon, Y. (2014). Understanding the paradigm 
shift to computational social science in the presence of big data. Decision 
Support Systems, 63, 67-80. 
 
Chen, Y., Wang, Y., Nevo, S., Jin, J., Wang, L., & Chow, W. S. (2014). IT 
capability and organizational performance: the roles of business process 
agility and environmental factors. European Journal of Information 
Systems, 23(3), 326-342. 
 
Chief IT Architect (2019). Interview with Chief IT Architect Sina Moghadassi at 
Trafikförvaltningen [Interview] (25 04 2019). 
 
Collis, J., & Hussey, R. (2013). Business research: A practical guide for 
undergraduate and postgraduate students. Macmillan International Higher 
Education. 
 
Conner, K. R. (1991). A historical comparison of resource-based theory and 
five schools of thought within industrial organization economics: do we have 
a new theory of the firm?. Journal of management, 17(1), 121-154. 



54 
 

 
Datainspektionen, (2019) Dataskyddsfördningen (GDPR) [Online] 
Available at: 
https://www.datainspektionen.se/lagar--regler/dataskyddsforordningen/ 
[Accessed 22 03 2019] 
 
Domain Architect (2019) Interview with Domain Architect Magnus Almkvist at 
Trafikförvaltningen [Interview] (10 05 2019). 
 
Eisenhardt, K. M., & Martin, J. A. (2000). Dynamic capabilities: what are 
they?. Strategic management journal, 21(10-11), 1105-1121. 
 
Fong, K. F., Hanby, V. I., & Chow, T. T. (2006). HVAC system optimization for 
energy management by evolutionary programming. Energy and 
Buildings, 38(3), 220-231. 
 
Giuffrida, Angela, (2018). Football fans injured in 'apocalyptic' Rome 
escalator collapse [Online] 
Available at: https://www.theguardian.com/world/2018/oct/23/hurt-in-
rome-metro-escalator-incident 
[Accessed 11 02 2019] 
 
Grieves, M., & Vickers, J. (2017). Digital twin: Mitigating unpredictable, 
undesirable emergent behavior in complex systems. In Transdisciplinary 
perspectives on complex systems(pp. 85-113). Springer, Cham. 
 
Gubbi, J., Buyya, R., Marusic, S., & Palaniswami, M. (2013). Internet of Things 
(IoT): A vision, architectural elements, and future directions. Future 
generation computer systems, 29(7), 1645-1660. 
 
Gungor, V. C., Sahin, D., Kocak, T., Ergut, S., Buccella, C., Cecati, C., & Hancke, 
G. P. (2011). Smart grid technologies: Communication technologies and 
standards. IEEE transactions on Industrial informatics, 7(4), 529-539. 
 
Head of Group Tele, (2019). Interview with Head of Group Tele Fredrik Sandell 
at Trafikförvaltningen [Interview] (08 05 2019). 
 
Helfat, C. E., & Peteraf, M. A. (2015). Managerial cognitive capabilities and 
the microfoundations of dynamic capabilities. Strategic Management 
Journal, 36(6), 831-850. 
 
Information Security Coordinator (2019). ). Interview Information Security 
Coordinator Mattias af Rolén at Trafikförvaltningen [Interview] (07 05 2019). 
 
Kagermann, Lukas (2011). Industrie 4.0: Mit dem Internet der Dinge auf dem 
Weg zur 4. industriellen Revolution [Online] 



55 
 

Available at: https://www.vdi-nachrichten.com/Technik-
Gesellschaft/Industrie-40-Mit-Internet-Dinge-Weg-4-industriellen-Revolution 
[Accessed 8 03 2019] 
 
Kim, G., Shin, B., Kim, K. K., & Lee, H. G. (2011). IT capabilities, process-
oriented dynamic capabilities, and firm financial performance. Journal of the 
association for information systems, 12(7), 487. 
 
Kitchin, R. (2014). Big Data, new epistemologies and paradigm shifts. Big data 
& society, 1(1), 2053951714528481. 
 
Li, H., Li, X., Xu, X., Liu, J., & Ran, B. (2018). Modeling departure time choice of 
metro passengers with a smart corrected mixed logit model-A case study in 
Beijing. Transport Policy, 69, 106-121. 
 
Li, J., Tao, F., Cheng, Y., & Zhao, L. (2015). Big data in product lifecycle 
management. The International Journal of Advanced Manufacturing 
Technology, 81(1-4), 667-684. 
 
Liao, Y., Deschamps, F., Loures, E. D. F. R., & Ramos, L. F. P. (2017). Past, 
present and future of Industry 4.0-a systematic literature review and 
research agenda proposal. International journal of production 
research, 55(12), 3609-3629. 
 
Ma, X., Yu, H., Wang, Y., & Wang, Y. (2015). Large-scale transportation 
network congestion evolution prediction using deep learning theory. PloS 
one, 10(3), e0119044. 
 
Madill, A., Jordan, A., & Shirley, C. (2000). Objectivity and reliability in 
qualitative analysis: Realist, contextualist and radical constructionist 
epistemologies. British journal of psychology, 91(1), 1-20. 
 
Manyika, J., Chui, M., Brown, B., Bughin, J., Dobbs, R., Roxburgh, C., & Byers, 
A. H. (2011). Big data: The next frontier for innovation, competition, and 
productivity. 
 
Marr, b, (2016). Why everyone must get ready for the 4th industrial 
revolution[Online] 
Available at: https://www.forbes.com/sites/bernardmarr/2016/04/05/why-
everyone-must-get-ready-for-4th-industrial-revolution/#5af877b33f90 
[Accessed 8 03 2019] 
 
Marsh, S. J., & Stock, G. N. (2003). Building dynamic capabilities in new 
product development through intertemporal integration. Journal of Product 
Innovation Management, 20(2), 136-148. 
 



56 
 

McAfee, A., Brynjolfsson, E., Davenport, T. H., Patil, D. J., & Barton, D. (2012). 
Big data: the management revolution. Harvard business review, 90(10), 60-68. 
 
Mikalef, P., Pappas, I. O., Krogstie, J., & Giannakos, M. (2018). Big data 
analytics capabilities: a systematic literature review and research 
agenda. Information Systems and e-Business Management, 16(3), 547-578. 
 
MTR, (2015). MTR får förlängt förtroende till 2023[Online] 
Available at: http://www.mynewsdesk.com/se/mtr/pressreleases/mtr-faar-
foerlaengt-foertroende-till-2023-1214672 
[Accessed 7 03 2019] 
 
Müller, Julian Marius, Oana Buliga, and Kai-Ingo Voigt. "Fortune favors the 
prepared: How SMEs approach business model innovations in Industry 
4.0." Technological Forecasting and Social Change 132 (2018): 2-17. 
 
Niu, H., & Zhou, X. (2013). Optimizing urban rail timetable under time-
dependent demand and oversaturated conditions. Transportation Research 
Part C: Emerging Technologies, 36, 212-230. 
 
Niu, H., Zhou, X., & Gao, R. (2015). Train scheduling for minimizing passenger 
waiting time with time-dependent demand and skip-stop patterns: Nonlinear 
integer programming models with linear constraints. Transportation 
Research Part B: Methodological, 76, 117-135. 
 
Rai, A., Patnayakuni, R., & Patnayakuni, N. (1997). Technology investment 
and business performance. Communications of the ACM, 40(7), 89-97. 
 
Prahalad, C. K., & Hamel, G. (2006). The core competence of the corporation. 
In Strategische unternehmungsplanung-strategische 
unternehmungsführung (pp. 275-292). Springer, Berlin, Heidelberg. 
 
Qi, Q., & Tao, F. (2018). Digital twin and big data towards smart 
manufacturing and industry 4.0: 360 degree comparison. IEEE Access, 6, 
3585-3593. 
 
Rathore, M. M., Ahmad, A., Paul, A., & Rho, S. (2016). Urban planning and 
building smart cities based on the internet of things using big data 
analytics. Computer Networks, 101, 63-80 
 
Ren, S., Zhang, Y., Liu, Y., Sakao, T., Huisingh, D., & Almeida, C. M. (2019). A 
comprehensive review of big data analytics throughout product lifecycle to 
support sustainable smart manufacturing: a framework, challenges and 
future research directions. Journal of Cleaner Production, 210, 1343-1365. 
 
Regeringskansliet, (2017). För ett hållbart digitaliserat Sverige - en 
digitaliseringsstrategi 



57 
 

[Online] 
Available at: https://www.regeringen.se/informationsmaterial/2017/05/for-
ett-hallbart-digitaliserat-sverige---en-digitaliseringsstrategi/ 
[Accessed 11 02 2019] 
 
Region Stockholm, (2018). Bakgrund[Online] 
Available at: http://nyatunnelbanan.sll.se/sv/kort-om-v-rt-uppdrag 
[Accessed 11 02 2019] 
 
Region Stockholm, (2016). Everything you need to know about Stockholm’s 
new metro[Online] 
Available at: 
https://www.nyatunnelbanan.sll.se/sites/tunnelbanan/files/SLL_001_NyTban
a_2016_eng_web-R.pdf 
[Accessed 11 02 2019] 
 
Schilke, O. (2014). On the contingent value of dynamic capabilities for 
competitive advantage: The nonlinear moderating effect of environmental 
dynamism. Strategic management journal, 35(2), 179-203. 
 
Singer, E., Frankel, M. R., & Glassman, M. B. (1983). The effect of interviewer 
characteristics and expectations on response. Public Opinion Quarterly, 47(1), 
68-83. 
 
Siu, Jasmine, (2018). Lift firm Otis fined HK$320,000 over Hong Kong mall 
escalator accident that injured 18[Online] 
Available at: https://www.scmp.com/news/hong-kong/law-
crime/article/2136585/lift-firm-otis-fined-hk320000-over-hong-kong-mall-
escalator 
[Accessed 11 02 2019] 
 
Stoel, M. D., & Muhanna, W. A. (2009). IT capabilities and firm performance: 
A contingency analysis of the role of industry and IT capability 
type. Information & Management, 46(3), 181-189. 
 
Stockholm Chamber of Commerce, (2015). Stockholm växer snabbast I 
Europa[Online] 
Available at: https://www.chamber.se/nyheter/stockholm-vaxer-snabbast-i-
europa-2.htm 
[Accessed 11 02 2019] 
 
Su, S., Li, X., Tang, T., & Gao, Z. (2013). A subway train timetable optimization 
approach based on energy-efficient operation strategy. IEEE Transactions on 
Intelligent Transportation Systems, 14(2), 883-893 
 
Tao, F., Cheng, J., Qi, Q., Zhang, M., Zhang, H., & Sui, F. (2018). Digital twin-
driven product design, manufacturing and service with big data. The 



58 
 

International Journal of Advanced Manufacturing Technology, 94(9-12), 
3563-3576. 
 
Technical Administrator (2019). Interview with Technical Administrator Rolf 
Larsson at Trafikförvaltningen [Interview] (17 04 2019). 
 
Technical Director (2019). Interview with Technical Director Johan von 
Schantz at Trafikförvaltningen [Interview] (03 05 2019). 
 
Teece, D. J. (2016). Dynamic capabilities and entrepreneurial management in 
large organizations: Toward a theory of the (entrepreneurial) firm. European 
Economic Review, 86, 202-216. 
 
Trojanek, R., & Gluszak, M. (2018). Spatial and time effect of subway on 
property prices. Journal of Housing and the Built Environment, 33(2), 359-384. 
 
Tuballa, M. L., & Abundo, M. L. (2016). A review of the development of Smart 
Grid technologies. Renewable and Sustainable Energy Reviews, 59, 710-725. 
 
Wan, J., Tang, S., Li, D., Wang, S., Liu, C., Abbas, H., & Vasilakos, A. V. (2017). 
A manufacturing big data solution for active preventive maintenance. IEEE 
Transactions on Industrial Informatics, 13(4), 2039-2047. 
 
Wang, T., Bhuiyan, M. Z. A., Wang, G., Rahman, M. A., Wu, J., & Cao, J. (2018). 
Big data reduction for a smart city’s critical infrastructural health 
monitoring. IEEE Communications Magazine, 56(3), 128-133. 
 
Wamba, S. F., Gunasekaran, A., Akter, S., Ren, S. J. F., Dubey, R., & Childe, S. J. 
(2017). Big data analytics and firm performance: Effects of dynamic 
capabilities. Journal of Business Research, 70, 356-365. 
 
Wei, Y., & Chen, M. C. (2012). Forecasting the short-term metro passenger 
flow with empirical mode decomposition and neural 
networks. Transportation Research Part C: Emerging Technologies, 21(1), 
148-162 
 
Wu, Z., Jia, Q. S., & Guan, X. (2016). Optimal control of multiroom HVAC 
system: An event-based approach. IEEE Transactions on Control Systems 
Technology, 24(2), 662-669. 
 
 
Xiaoli, X., Yunbo, Z., & Guoxin, W. (2011, March). Design of intelligent 
internet of things for equipment maintenance. In Intelligent Computation 
Technology and Automation (ICICTA), 2011 International Conference on (Vol. 
2, pp. 509-511). IEEE. 
 



59 
 

Yin, J., Tang, T., Yang, L., Gao, Z., & Ran, B. (2016). Energy-efficient metro 
train rescheduling with uncertain time-variant passenger demands: An 
approximate dynamic programming approach. Transportation Research Part 
B: Methodological, 91, 178-210. 
 
Zhou, K., Fu, C., & Yang, S. (2016). Big data driven smart energy management: 
From big data to big insights. Renewable and Sustainable Energy Reviews, 56, 
215-225. 
 
Zhou, K., Liu, T., & Zhou, L. (2015, August). Industry 4.0: Towards future 
industrial opportunities and challenges. In 2015 12th International 
Conference on Fuzzy Systems and Knowledge Discovery (FSKD) (pp. 2147-
2152). IEEE. 
 



TRITA TRITA-ITM-EX 2019:442

www.kth.se


