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Abstract

In an ever-changing industry where competition between actors is growing, technical im-
provements and investments can be a way to outperform competitors and gain competitive
advantages. In a relatively under-developed industry, technological developments may lead
to major improvements and change the layout of the whole business.

Purpose — The main purpose of this thesis is 7o znvestigate potential cost reductions obtained by au-
tonomous vebicles within the Swedish logistics industry. Studying opportunities for companies to
strengthen their competitive advantage can create new markets, chances or ensure a strong
market position. To investigate said opportunities, the following research questions were
stated:

1. What is the actual cost of implementing an autonomons vehicle?
2. Which costs will be affected by an implementation of autonomouns vebicles?
3. How do these costs impact the Swedish logistics market seen from a cost perspective?

Method — The data necessary to answer the questions was collected from document stud-
ies, literature studies and interviews. These were carried out simultaneously in an iterative
process. Moreover, a pragmatic philosophy was undertaken, together with an abductive ap-
proach. The data was compared with existing theory by pattern matching and analysed with
thematic approach, in order to ensure the level of trustworthiness.

Findings/Implications — The findings of this thesis is that autonomous vehicles will
heavily impact the logistics industry. By gradually implementing autonomous vehicles, the
Swedish logistics sector can save upwards of 13,4 billion SEK between 2020 and 2030.
This shift towards autonomous vehicles will move jobs from the long haul sector to urban
logistics and telecommunications. Additionally, the society will see great benefits as 90% of
all traffic accidents will not happen when all vehicles are autonomous. It is clear that the
Swedish logistics industry will benefit from an implementation of autonomous vehicles.
Simultaneously it will also be beneficial for the society and the Swedish welfare.

Limitations — The major limitation of this thesis is the time horizon. Because of being fu-
ture oriented, much data was based on external estimations that might change over time.
Moreover, only costs directly connected to transportations has been investigated, leaving
room for further studies related to indirect costs, as well as the organizational impacts on
future supply chains.
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| Introduction

The first chapter consist of an introduction that will introduce the thesis from a logical and understandable
perspective. A background of the thesis is presented, followed by a problem description that will lead to the
purpose and research questions of the thesis. Delimitations, scope and disposition can later be obtained in
the end of this chapter.

. Background

Today companies’ face a continuous and rapid change in their environments, causing com-
petitive relationships (Levitt, 1983; Ohmae, 2000; Yip, 1995). This has forced many com-
panies into being more aware of their cost efficiency to be able to remain economically via-
ble (Douglas & Craig, 2011). To stay competitive and keep market shares in today’s global-
ized market situation, it is important for companies to find a way of operating that differs
from their competitors, gaining a competitive advantage (Jackson et al., 2003). Moreover,
there is a need for initiatives that enable companies to maximize their performance in order
to be successful in a winning oriented culture (Pfeffer, 1994). A well-defined and imple-
mented value creating strategy will result in superior performance that will help companies
to outperform any current or potential competitor (Porter, 1998).

When a competitive advantage has been achieved, it is necessary to both maintain and de-
velop it to prevent competitors to close the performance gap. One way of remaining it is
by new technology. According to Armstrong and Kotler (2014), technology has become a
major force of change and development. This change has exploded during the recent years,
which has fundamentally changed the way we live. It has enabled companies to find new
innovative ways of operating and helped them to differentiate, primarily by reducing costs
and enhance performance efficiency (Mitchell, 2007). The same rapid development of new
technology is expected in the future and has therefore made companies more future orient-
ed by researching new ways of operating in a more cost efficient way (Clulow et al., 2003).

One side effect of new technology developments that allow companies to reduce costs is
the increasing level of automation. Automation, also known as automatic control, have be-
come a big part of our society. It can be explained as the usage of different control systems
to either monitor or operate resources and assets. It is often used in connection with easy,
repetitive and sometimes dangerous processes. Moreover, it eradicates human errors and
frees up time that can be spent on more suitable tasks (Martin, 2013). Automation is today
commonly used within many companies and their supply chains. The main reason is the
beneficial impacts on costs. It enables companies to reduce costs from a long term per-
spective by reducing costs such as labour costs, inventory costs and operating costs (Rifkin,

1995).

Many supply chains have during the recent year become leaner and more efficient. These
changes have often resulted in reduced operating costs. By investigating and analysing pro-
cesses from a cost saving perspective it might be possible to reallocate resources to be used
in more important and performance-enhancing operations (Kotler & Armstrong, 2014).
Creating a lean supply chain is often very complex and involves many different operations
that most often are performed by multiple actors (Jonsson & Mattsson, 2011). This has led
to that many of the improvements of supply chains are often restrained to each actor. Op-
erations that are taking place over the whole supply chain is rarely taken into consideration,
rather these improvements are formed by either new innovations or incentives on a larger
scale. One area that is affected by this is the transportation sector, where many improve-



ments has been done seen to the cargo carrier and infrastructure, but seen to the core of
the operation it can be seen as slightly underdeveloped (Aberle, 2007; Paulsson, 20106).

All transportations have one thing in common. There is always a need for some kind of
carrier. The recent developments within the transportation carriers have instead of focusing
on cost efficiency, rather been aiming at sustainability and environmental aspects. Current
technology has led to an opportunity of change within this area. Big leaps have been taken
in the developments of autonomous vehicles during the recent years and are predicted to
change the whole logistic industry, both from a sustainable and environmental point of
view, but mainly from a cost perspective (AXA, 2015).

.2 Problem Description

Transportation has become a vital part of the Swedish business environment and society. It
is not only considered as prerequisite of business developments, it also increases competi-
tiveness and contribute to the societal developments. Today, road transportation is the
most used way of transporting goods in Sweden with 86% of all transportations. The ma-
jority of these are carried out by trucks (Trafikanalys, 2012).

The transportation industry has during the recent years gone through many changes, both
beneficial and undesirable. Even though there have been developments within the industry
itself in terms of the developments of intermodal transports. There have not been many
improvements of the actual carriers. Transportations are still carried out in a similar way as
it was decades ago (Behrends, 2016; Paulsson, 2016).

In order to stay competitive in the rough economic environment in Sweden, the amount of
foreign drivers has increased dramatically. Moreover, many deregulations have been made
from the European Union. This forces logistics companies to act on an international mar-
ket, which increases the competition (Svenskt Naringsliv, 2005).

According to Trafikanalys (2014) the percentage of Swedish trucks are the lowest since the
beginning of the 21th century while the amount of foreign trucks is higher than ever. Fur-
thermore, trucks are in general overrepresented when it comes to fatal traffic accidents.
Trucks are three times more likely to cause a fatal accident than a regular car (Engstrom,
2007). Additionally, AXA (2015) states that 87% of all traffic accidents are caused by hu-

man errofrs.

One solution that is not only expected to reduce costs, but also increase safety and be more
sustainable is the use of autonomous vehicles. The technology behind autonomous vehicles
has been under development for many years and has lately received much attention. Many
companies such as Google, Ford, and Volvo are taking great steps towards introducing au-
tonomous vehicles (Waldrop, 2015; Google, 2016; Volvo, 2015; Blake, 2015; Ford, 2016).
Even though the technology is not yet developed enough to introduce a fully automated
vehicle, there is technology and a level of automation that is far beyond the technology and
automation of the transportation industry. Today there are autonomous cars that are able
to drive itself, eliminating the need for a human driver and according to AXA (2015) the
technology can without any major problems be implemented into trucks and heavier vehi-
cles.

The technology behind autonomous cars is generally a software technology that interacts
with technological components such as sensors to enable the cars to be self-driven. There-
fore, the technology itself is not tied to cars. Since the technology is not fully developed,
full automation may not be possible at a current state. Instead, an implementation of au-



tonomous vehicles should be gradually increased. McKinsey (2013) states that it would be
more beneficial to implement the technology available today and by time develop it rather
than wait until it is fully developed since there is still many possibilities of reducing costs.

In best case scenario McKinsey (2013) expect that if an implementation of autonomous
vehicles would take place today, it could lead to an annual total economic impact of 1,9 tril-
lion dollars by 2025. Among these 1,9 trillion dollars, 500 billion dollars derives from au-
tonomous trucks. Moreover, AXA (2015) estimate that only in UK goods industry, auton-
omous vehicles could reduce costs by almost 48 billion pounds throughout the next ten
years. Not only could it lead to extensive cost savings, McKinsey (2013) also expect 70-
90% less accidents on the roads by implementing autonomous vehicles. From a sustainable
perspective, autonomous vehicles could annually save up to 300 million tons of carbon di-
oxide by 2025 (McKinsey, 2013).

Sweden can be seen as a pioneer within the development of autonomous vehicles. Compa-
nies such as Volvo and Autoliv are continuously setting new standards. Next year, Volvo
will launch their project called Drive Me where they will release 100 autonomous vehicles
on streets of Gothenburg. This motivate why the study is conducted within the Swedish
industry. More promising is that an implementation in the near future could create better
opportunities for even more extensive cost savings in the future.

.3 Purpose and research questions

From the background section above, it is safe to say that many logistics companies today
experience tough competition that forces them to find new ways of reducing costs in order
to remain competitive. One way of managing this could be by new, innovative solutions
with the help of technology. As mentioned in the problem description one solution could
be by the use of autonomous vehicles. Thus, the purpose of this thesis is:

To investigate potential cost reductions obtained by
antonomons vebicles within the Swedish logistics industry

To achieve the purpose, it is necessary to examine which factors that affect the costs of an
implementation of autonomous vehicles seen to how companies operate today and how
autonomous vehicles impact the companies. Thus, the first question is:

1. What is the actual cost of implementing an autonomous vehicle?

The first research question creates a solid foundation by stating an actual cost of an auton-
omous vehicle that later will be used as a focal cost in this thesis. To further investigate
cost reduction opportunities it is important to identify what other costs which would be af-
fected when an implementation has been done. Therefore, the second question is:

2. Which costs will be affected by an implementation of autonomous vehicles?

Furthermore, it is important to create an understanding how these costs impact their way
of doing business. This gives a natural connection to final research question, which is:

3. How do these costs impact the Swedish logistics market seen from a cost per-
spective?

The combined result from the first and second research question are linked with the third
question as well as the purpose of this thesis. The first and second research questions are
linked in a way that the answers can be compared and allow the authors to answer the third



research question in a logical way. When the research questions have been answered, the
purpose is fulfilled.

.4 Scope and Delimitations

The scope of the thesis is the transport aspects of supply chain management and how costs
could be affected by the implementation of autonomous vehicles. Level of Automation
(LOA) 4 & 5 in the Society of Automotive Engineers’ (SAE) will be used as the term au-
tonomous vehicle. In this thesis autonomous vehicles are considered as trucks. Equally,
even if autonomous vehicles such as automatic forklift trucks may impact the logistics in-
dustry, the focus will be transportation by autonomous trucks, such as long haul trucks.

The thesis will only consider the implementation costs and factors that are involved in the
actual transportation process as seen in Figure 1. Therefore, potential external impacts on
the supply chain will not be investigated, such as infrastructure or service level. Studies of
infrastructure are not necessary, since autonomous vehicles do not need any specific infra-
structure to be functional.

Distribution

Customer
center

Production Transportation

Transportation

Figure 1: Scope of this thesis

Moreover, technological aspects will be taken into considerations as far as needed, such as
how existing technology can be used to reduce costs or not. The technology itself will be
explained but not in any further depth since the main focus of this thesis is the cost aspect.
The main time frame of the thesis will be within the next 14 years (year 2030).

For the first research question costs connected to the implementation, direct costs will be
the main focus. Even though indirect costs will be looked upon and included these are very
difficult to estimate and therefore will the focus rely on the direct costs instead. For the last
two research questions all costs that are direct related to transportation will be investigated.
Costs such as organizational costs that comes as a response of the implementation of au-
tonomous vehicles will not be taken into consideration. Additionally, neither inflation nor
depreciation is included in the cost assumptions.

The thesis will only take the Swedish market into consideration, even though data will be
collected from international sources.

.5 Disposition

In order to make the master thesis manageable a disposition is needed. In every chapter
there will be a short introduction of the chapter’s content. This will enable a holistic view
for the reader. Additionally, it will make it easier to understand. This text is written in italic
and only consists of a few sentences.

The background and problem description is the initial part of the thesis, to provide a basic
understanding for further reading. After the purpose and research questions are intro-
duced, scope and delimitations are presented to make the thesis manageable in the time
frame and clarify some uncertainties.



The second chapter consists of the frame of reference which provides necessary infor-
mation in terms of theories needed to answer the research questions. Since the topic of this
thesis is seen as new and unexplored, it also serves as a technological explanation of auton-
omous vehicles. The content in chapter three is then used throughout the thesis.

The third chapter is method. The main idea of this chapter is to explain how the study have
been conducted and what strategies and approaches have been used. Furthermore, it ex-
plains how data have been collected and analysed to increase of the trustworthiness of the
thesis.

Results and analysis use theory and collected data to answer the research questions and ful-
fil the purpose. In the analysis chapter the findings will be compared and evaluated.

The last chapter is the discussion. This section will allow the authors to both discuss and
present their own opinions regarding the findings and future scenarios. To finalize the the-
sis, a conclusion will be given as well as suggestions for possible future studies. References
and appendixes are found at the end of this thesis.



2 Frame of references

The theories later used in the thesis is presented in this chapter. In order to introduce the theories in a logic
and understandable way, a table is given to connect the research questions to each topic in the frame of refer-
ences. Some theories are well known and general while some are more specific for this thesis. The chapter is
divided into several sub-topics where the theories are described.

2.1 Connection between research questions and theory

To create an understanding of the thesis and topic itself, theories introduced in this chapter
has be chosen carefully. Each theory is connected to the research questions earlier stated.
Moreover, it is important to state that certain theories are more important than others but
all are essential to answer the research questions. This also enable readers not familiar with
autonomous vehicles to get a better understanding.

To be able to answer the first research question there is a need of understanding the tech-
nology that is used and integrated in autonomous vehicles as well as the components need-
ed and how this is related to automation. Moreover, an understanding of implementation
cost is needed. Most importantly, an understanding of the autonomous vehicle must be
provided, especially since they are most often misunderstood. This is illustrated in Table 1.

Table 1: Connections between research questions and frame of references

Research Questions Theoretical topics
1. What is the actual cost of implementing an auton- Automation
omous vehicle? Autonomous vehicles

Implementation costs

2. Which cost will be affected by an implementation Transportation costs
of autonomous vehicles? Automation
Autonomous vehicles

3. How do these costs impact the Swedish logistics Innovativeness
market seen from a cost perspective? Competitive advantage
Transportation costs
Automation
Autonomous vehicles
The last mile

There are many costs that need to be taken into consideration for the second research
question. As mentioned before in delimitations only costs related to the actual transporta-
tion will be investigated. Furthermore, automation and the theory of autonomous vehicles
are connected to the second research question to provide better knowledge for the final re-
sult and analysis.

When it comes to the third and final research question, theories applied to answer are au-
tomation, competitive advantage, innovativeness, transportation cost, autonomous vehi-
cles, and finally the last mile problem. All these theoretical concepts are necessary to an-
swer the third research question in the most precise way possible. When the third and final
research question has been answered, the purpose of this thesis is fulfilled.



2.2 Automation

As labour costs are ever rising, automation can be a great help for companies to overcome
many of the economic issues they are facing in today’s competitive market. If a process
were to become automatized, the results are often greater efficiency and increased perfor-
mance in both quality and consistency compared to a manual process (Food Engineering &
Ingredients, 2009). As automation is implemented, two major benefits are labour cost sav-
ings and enhanced quality of services.

In the current market, customers demand higher flexibility and adaptability. Automation
can be a way to meet those demands. Nevertheless, automation is permeated with prob-
lems. Two examples of this issue are strategic planning or human relationship tasks where
human interaction is involved. Additionally, automation goes hand in hand with high initial
costs and time consuming implementations. To achieve a fully automated process, big in-
vestments are often necessary, together with time consuming activities (Bennett, 1993).

When deciding on implementing an automation process, there are a few things a company
needs to consider, such as the tasks that are supposed to be made and the work environ-
ment. For example, if the work environment is dangerous, monotonous, tedious or time
consuming, automation may help to reduce the human exposure to that environment. Fur-
thermore, automation often frees capacity for the workforce to focus on more important
tasks (Heizer & Render, 2010).

As the processes vary, the level of automation needs to be aligned to fit the processes. If an
activity is better performed by a human, a human should perform the task and vice versa.
Automation should only be used where it is best suited (Sheridan, 1995). Every process
cannot be fully automated and one way to determine the automation level is the level of au-
tomation (LOA) presented by Endsley (1999). The LOA is used to make operations more
effective and optimized. It also specifies to what degree the processes and activities should
be automatized to achieve an effective combination between human workforce and auto-
mation (Endsley, 1999). There are five steps of automation: (Endsley, 1999)

1. Manual control — No assistance from the system
2. Decision support — The operator gets recommendations provided by the system

3. Consensual artificial intelligence (AI) — The system interacts with the operator to
carry out actions

4. Monitored Al — The system automatically take action, unless the operator has another
opinion

5. Full automation — No operator interaction

In today’s market, automation is often used in high-capacity production facilities where it
can be used to increase efficiency and reduced labour costs (Sheridan, 1995). Therefore,
much of the previous theory is focused on using automation to improve producing pro-
cesses. However, Heizer & Render (2010) introduces the following table where advantages
and disadvantages of automation in general are presented against each other. Refer to Table
2.



Table 2: Advantages and Disadvantages of Automation (Heizer & Render, 2010).

Advantages Disadvantages
Reduced labour cost High initial cost
Higher and more predictable quality Long implementation time
Reduced lead-times Cannot handle strategic planning as

good as humans

Reduced amount of energy spent Unemployment

Safety and environmental aspects

2.3 Autonomous vehicles

The idea behind a self-driving vehicle started in the 1920s but was not truly actualized until
1980s when Carnegie Mellon University was able to develop a working autonomous vehi-
cle, called the NAVLAB (Sharfer & Whittaker, 1987). Since then, many carmakers have re-
searched and released concept cars but it was not until the last few years the industry really
took off and now Ford is planning on mass producing autonomous cars in the year 2020
(Butler, 2010).

Self-driving vehicles or Autonomous vehicles is one of the practical uses of automation.
The Levels of automation stated by Endsley (1999) can be applied to autonomous vehicles
and the agency National Highway Traffic Safety Administration (NHTSA), a part of the
United States’ government department of transportation, have used Endsley’s definitions
to identify five LOAs regarding autonomous vehicles. These levels range from no automa-
tion where the driver is complete control without any technological assist from the vehicle
to full automation where a driver is not needed. According to Térngren (2015) these LOAs
are important in many cases since it decides when the driver is responsible, consequently
LOAs are of great interests for insurance companies. Presented in the list below are
NHTSA’s definition of LOA (NHTSA, 2013).

0. No-Automation - The driver is in complete control at all times and with no computer
interaction.

1. Function-specific Automation - The second level includes one or more control func-
tions. Examples of this include automatic emergency braking or blind spot warning sys-
tems. Combining these control functions and the second level is given.

2. Combined Function Automation - If more than two functions are designed to oper-
ate together the driver will be relieved of some control. Adaptive cruise control work-
ing in unison with lane centering could be one example.

3. Limited Self-Driving Automation - Several control functions working together al-
lowing the driver to surrender control over the vehicle under certain conditions, such
as highways or during normal traffic. The vehicle should provide a comfortable ride
without much interference. However, this level of automations relies on the ability of



the human to seize control if needed. Currently, the Google car is an example of this
level but Google is working towards level 4 (Google, 2010).

4. Full Self-Driving Automation - This level of automation allows the vehicle to per-
form all driving functions and continuously monitor road conditions throughout the
entire trip. Even if the self-driving automation may require an administrator to input
destination via Global Positioning System (GPS), a driver is not expected to be physi-
cally present or interrupt the vehicle at any time.

SAE further developed NHTSA’s framework in 2014 and released the organization’s ver-
sion of the LOA regarding autonomous vehicles as seen in Figure 2. SAE’s version is com-
parable to NHTSA, but with the exception that level 4 of NHTSA is split into two levels in
SAE’s LOA (Smith, 2013).

Execution of P Fallback System
. Monitoring L
SAE . N Steering and L Performance | Capability
level Name Narrative Definition Acceleration/ of Driving of Dynamic (Driving
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System System Human driver modes
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System System System modes
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Full of all aspects of the dynamic driving task under all roadway
Automation and environmental conditions that can be managed by a
human driver

All driving

System System System modes

Figure 2: Summary of Level of Automation (SAE, 2014)

These six levels of autonomous vehicles can ease classification and also help decide the
amount of technology necessary in the vehicles (NHTSA, 2013). The technologies used in
autonomous vehicles are examples of new technology meeting existing technology where a
vehicle is capable of monitoring and analyzing the surrounding environment to navigate
and drive without human input (Gehrig & Stein, 1999). The vehicle uses several highly
technological systems to enable driverless navigation. The systems vary depending on the
vehicle, but the majority of vehicles use most of the following technologies (Blake, 2015)

2.3.1 Satellite Navigation

Satellite navigation consists of multiple organized satellites in space with a known time and
location. The time and positioning data is then transmitted to other satellites and to receiv-
ers on earth. If collecting this data from at least four different satellites, a location and tra-
jectory on earth can be determined. If the satellite navigation covers all areas on earth it is
called a Global Navigation satellite systems (GNSS) or more commonly, GPS. GPS is the



term for the American GNSS but there are other systems available such as the Russian
Globalnaja navigatsionnaja sputnikovaja sistema (GLONASS) and the FEuropean Galileo
positioning system. Satellite navigation tools are often used by vehicles, smartphones and
other devices that need accurate positioning and trajectory calculations (The Library of
Congress, 2011).

2.3.2 Radar & Lidar

Radar and Lidar are two similar systems for identifying the surrounding environments to
create a virtual three dimensional map of the roadway. Lidar (Light detection and ranging)
is the modern version of Radar (Radio detection and ranging). Radar systems sends out ra-
dio waves that reflects on any object and are then sent back to the Radar transmitter. The
Radar system processes these waves by calculating the time between emission and receiv-
ing. This frequency can then determine the properties of the object, such as size, location,
relative distance from transmitter, speed and direction (Hofmann, Rieder, Dickmanns,
2003).

A Lidar system is similar to a Radar system, but emits ultraviolet, visible and near-infrared
light instead of radio waves. Lidar is often more accurate than radar systems due to the nar-
row light beam. Therefore, Lidar systems can provide an accurate virtual picture of the sur-
roundings which allows the vehicle to recognize obstacles and road conditions (Garcfa et
al., 2012). However, Lidar can only distinguish objects up 80 meters so Lidar systems are
often paired with Radar to increase visibility range up towards 200 meters ahead of the ve-
hicle. In combination, these systems can detect road signs, lanes, red lights, other vehicles,
pedestrians, cyclists etc. (Google, 2016; Waldrop, 2015).

2.3.3 Camera & Sensors

Today many vehicles use some kind of camera sensor to ease parking or enable adaptive
cruise control. These systems gather and interpret data of the surroundings and act accord-
ing to the environment. Many vehicles currently available on the market can be fitted with
adaptive cruise control and even collision avoidance systems that senses vehicles or other
objects ahead and apply brakes if the driver is not doing so (Volvo, 2015).

One example when the technology has been taken even further is the Jaguar Land Rover
Range Rover research vehicle. It is fitted with ultrasonic sensors and cameras that creates a
360° safety ring that detects obstacles and hazards. The radius of the safety ring is made to
correspond to the stopping distance of the Range Rover (Blake, 2015). Furthermore, the
vehicle is equipped with automatic parking technology that uses the sensors to find a suita-
ble parking space and navigates the vehicle in and out of the parking space (Blake, 2015).

Sensors are not only used to create a virtual copy of the surroundings but also to sense
road conditions and lanes. In January 2016 Ford published a report of their research vehi-
cles autonomously driving in snowy and slippery conditions. Lidar cannot see the roads if
they are covered in snow or if the Lidar lens is snow-covered and therefore other technol-
ogy 1s necessary. Ford circumvent the problem by sensors collecting data to create a 3D
map with information including road signs, landmarks, geography and topography (Ford,
20106).

2.3.4 Architecture of autonomous vehicle systems

The information gathered by the sensors and cameras are then processed to gain Odomet-
ric data (information about motion and measurements changing over time). Odometric cal-
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culations are then combined with satellite navigation (GPS) to give a pose estimation as
shown in Figure 3. This estimation provides the vehicle with known position, speed, direc-
tion and whereabouts (Gordon & Lidberg, 2015).

ArChItECtu re Of Camera Lidar Radar
autonomous
vehicles |
‘ ! 'y
Waypaints Lane tracker Drivable surface Vehicle & obstacle
P detector tracker
GPS
Y y
Drivable road map
Odometry Pose estimator

Figure 3: Architecture of autonomous vehicles (Simplified own illustration, inspired by Gordon & Lidberg
(2015))

The data from the pose estimations are then connected with data from camera sensors, Li-
dars and Radars to generate a virtual drivable road map used by the vehicle to automatically
navigate and drive itself on any normal road (Gordon & Lidberg, 2015).

24 Implementation costs

In the past, implementing new ways of operating was considered as a cost, today it is rather
looked upon as an investment. Even if it is seen as an investment, it is important to identify
all the costs involved to estimate an implementation cost and by that be able to calculate
the return on the investment (ROI) period. If the ROI period is satisfying, the investment
is motivated. It is important for a company to make sure they will be able to stay in busi-
ness and have an economic buffer in case the ROI period becomes longer than estimated
(Philips, 2010).

Moreover, it is important to take future aspects into consideration such as new operating
procedures and therefore a new implementation would be needed. If this takes place, the
ROI period must already have been met for a company to become profitable. An imple-
mentation seen as an investment need to take all costs into consideration and these are
costs generally related to assessing, designing, developing, training and evaluating the im-
plementation (Philips, 2010).
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2.5 Transportations costs

According to Oskarsson et al. (2000) transportation costs are those costs that appear when
goods are physically transported. All costs affected by administrative operations connected
to the transportation should be included (Coyle et al. 2003). Additionally, the value of the
goods that is being transported should be considered as a cost in terms of tied up capital.
This can be explained by the tied up capital in the goods could have been used to other in-
vestments to increase profitability (Jonsson & Mattsson, 2011).

A common misunderstanding of transportation is that it is seen as a non-value adding ac-
tivity. But transportation adds value in terms of the locational advantage the customer gets
of retrieving the goods closer the final usage area. The closer the goods are to where it is
supposed to be used or sold, the more value has been added through the transportation.
Since the transportation is seen as a value adding activity, the value of the goods will in-
crease the closer it gets to its final destination. This results in higher costs in terms of tied
up capital (Jonsson & Mattsson, 2011).

Transportations are generally divided into two segments, internal and external transporta-
tions. Internal transportations are those that take place by moving goods and packing it
within a firm’s facilities. The external transportations are defined by loading, re-loading and
unloading goods together with the actual transportation between different locations. It in-
volves transportations between suppliers, customer and even a company’s own depart-
ments if they are geographically dispersed (Oskarsson et al., 2006).

Other costs that need to be taken into consideration is the labor costs, both for the driver
and administrative staff interfering with the transportation by route planning etc. Addition-
ally, fuel costs, insurance and safety cost and the cost of the vehicle utilization needs to be
included in the transport. The cost of insurance is the cost the transportation firms and
companies use both to insure the actual vehicle but also the goods loaded onto it. Vehicle
utilization cost is connected to efficiency and show a cost for the usage of the vehicle (Os-
karsson et al., 2000).

251 Fuel

The cost for fuel consumption is one of those transportation costs that are direct related to
both the distance and time of the transportation. This means that the longer time and dis-
tance the transportation requires, the more it will cost. The cost for fuel consumption has
throughout the years been decreased by the initiatives of new technology that enable carri-
ers to consume less fuel during longer distances. It is still considered as the second largest
variable cost in relation to fleet management (Hatfield & Christensen, 2014). Due to the re-
cent years’ technological advancements such as a connected GPS that show the closest and
most efficient way possible, has enabled carriers to reduce time and distance. There have
also been developments aerodynamics that will allow further savings in fuel consumption
(Lammert et al., 2014).

Another aspect that is difficult to estimate is the actual price of oil or gas. This cost is ra-
ther dependent on the oil price which is affected by many factors in the international envi-
ronment (Lammert et al., 2014).

252 Labor

Labor cost can be summarized as all wages a company pays to their employees, together
with the costs of benefits and payroll taxes that are connected to each employee. It can fur-
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ther be divided into either direct or indirect costs. Direct costs are those costs that appear
for an employee physically producing a product or perform a service. For example, an em-
ployee working in a production site assembling different components. Indirect costs are re-
lated with the support labor such as maintenance that are not directly connected to the
product or service itself (Herzog-Stein et al., 2013).

Relocation, also known as outsourcing, can lead to loss of knowledge when skilled employ-
ees are replaced and this can sometimes affect the overall quality. This fact has led to that
during the recent years, many companies have reduced labor cost by automation to both
get higher quality and remain close to market (Zitkova, 2004).

253 Insurance and safety

Insurance cost is generally part of vehicle cost (Behrends, 2016) but an implementation of
autonomous vehicles will impact the insurance cost to a degree where it will become a ma-
jor cost base in the cost estimations and therefore is looked upon as an individual cost.

There are insurances for the employees, but these are considered as labor cost. The cost
for insuring the vehicles depends on the risk factor that is involved, the higher risk in terms
of probability for accidents or if the vehicle is developed for dangerous goods transports,
the higher will the insurance premium be (AXA, 2015; Herzog-Stein et al., 2013).

254 Vehicle utilization

If a certain vehicle can only be used for a specific amount of time because of constraints in
terms of working hours or operational factors, a cost appears since the vehicle will be
standing still and therefore potential incomes are lost (AXA, 2015). There have been many
improvements in new technology, such as GPS and other telematics solutions that enable
drivers to cut out on unnecessary mileage. This also discourage excess usage that might oc-
cur when drivers think they cannot be monitored by the companies (Hatfield & Christen-
sen, 2014).

The utilization cost also involves fill rate and naturally, return flows or when the carrier is
used without bringing any value, such as being empty. This has led to a lot more focus on
the return logistics the recent years. Today, companies try to reduce cost by increasing their
return logistics and in this case it means that carriers should preferably never run empty
loaded. (Lumsden, 2012).

2.6 The last mile problem

All goods transportations start by collecting the amount of goods, to which degree it cre-
ates economies of scale. This means that the transportation cost is marginally increased
when the amount of goods is increased. To enable economies of scale and assemble the
goods, consolidation is needed (Lumsden, 2012). Normal transportation is inefficient and
often very costly because goods need to be distributed on a product level. This means that
all individual packages that are loaded on a transport need to be delivered to the final desti-
nation that most often differs among all the goods on the transport carrier. This is also
called deconsolidation and appears in the end of the transportation process and is shown in
Figure 4.
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Figure 4: The last mile problem, own illustration

The deconsolidation that means that each individual customer or unloading point needs to
be reached is often mentioned as the “Last mile problem”. This problem often occurs
when the consolidated goods are moved from point A to B and then later needs to be de-
consolidated. The costs that occur on a product level is most likely to be higher than the
cost for the whole transportation of the consolidated goods. This can lead to that short
transportations what involve deconsolidation can generate a negative impact on profitabil-
ity (Lumsden, 2012).

2.7 Innovativeness

Miltenburg (2005) states that innovativeness is the ability companies get by developing and
produce new products or solutions by the help of either new or existing technology. More-
over, it includes modification of an already existing product. One perspective or definition
that is often overseen when it comes to innovations is its relation to manufacturing. Ac-
cording to Nonaka (1994) it can be easier to get an understanding of innovation if it is
looked upon as a process, by defining deficiencies and by that, develop new knowledge and
strategies to solve these.

Innovativeness can be seen as differentiation and therefore be used as a competitive ad-
vantage by taking, increasing or maintaining market shares to enhance a company’s profit
(Thornhill, 2006). The concept is characterized by the idea of early introduction for new
products on the market seen to competitors and cause an advantage that can generate a
larger market share. One problem that is often discussed is if the level of technology is sat-
urated in a market. According to Miltenburg (2005) innovativeness can still provide im-
provements and opportunities to increase efficiency and enhance profitability, especially
from a manufacturing perspective. By investing and improving processes and operations
with innovativeness, efficiency will increase, which in return can enable cost reductions
(Miltenburg, 2005).

2.8 Competitive advantage

According to Besanko et al. (2004) competitive advantage can be defined as when a com-
pany possesses a higher profit rate than the average profit of other companies within the
same area of business. To gain competitive advantage, a firm must start with developing a
successful strategy. This is often referred to as strategic positioning and aim to find a posi-
tion within the industry that is the most profitable. A more profitable position will increase
the odds of surviving and stay in business. The main goal with the strategy should be to
reach long term profitability. The strategy can be divided into two smaller strategies as
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shown in Figure 5 where one is the competitive strategy that involves the competitive ad-
vantage. The second strategy is often called corporate strategy and helps the company to
define which market they should position themselves in. When these two strategies are in-
tegrated and carried out in the right way it will lead to an overall strategy that will allow the
company to be profitable (Besanko et al., 2004).

Corporate strategy

Market
profitability

Cost ledership Firm

profitability

Competitive Advantage:
Value created relative to
competitors

Differentiation

Competitive strategy

Figure 5: Strategy & competitive advantage (own illustration, inspired by Conti, 2015)

When it comes to the competitive advantage itself, it is important for companies to focus
on the value they bring to their customers. To reach long term profitability it is important
to develop and deliver economic value, exceeding their competitors. The value created can
be defined by Equation 1.

Value created = (B-P) + (P-C) = B-C
B= Willingness to pay P= Price C=Cost

Equation 1: Competitive Advantage Equation (Conti, 2015).

What the formula demonstrates is that a company should focus on either increase custom-
ers’ willingness to pay or reduce cost to create as much value as possible. By increasing the
willingness to pay among customers, companies generally adapt a so called differentiation
strategy. When companies instead focus on reducing their costs they have adopted a cost
leadership strategy (Porter, 1998; Conti, 2015).

Differentiation is better suited when the target group is not particularly price-sensitive or if
the market is already saturated. Customers that are not price-sensitive are in general more
concerned about specific needs or specifications of the product, than low prices. When
adopting a differentiation strategy, it is important for a company to ensure that it is difficult
for competitors to copy either the product or service. This can be done with help of pa-
tents, licenses or a well functional research and development department (Porter, 1998).

A cost leadership strategy focusses on attracting customers by offering products to a lower
price. This is done by reducing the cost, thus lowering the final price. It does not necessari-
ly mean that a company need to offer the lowest price possible, rather to gain as high value
compared to the price. To be able to fulfill their goal of being profitable, companies need
to operate at a lower cost than their competitors.

15



Cost leadership can be divided into three different dimensions; high asset utilization, low
direct and indirect operating costs and control over the value chain. High asset utilization
focuses on gaining economies of scale by for example having a truck that got close to
100% utilization. The second dimension, low direct and indirect operating costs aims at
finding new ways of operating to reduce costs for both assets and labor. The third and last
dimension where companies try to control their whole supply chain is usually used by
companies to streamline their operations and create a leaner and agile value chain by being
highly integrated (Srinivasan, 2011).

According to Besanko et al. (2004) it is important for companies to choose either differen-
tiation or cost leadership to become successful. If a company choose to use both these
strategies, there is a big risk that the company get “stuck in the middle” which means that
the company will have neither an advantage by the cost leadership or the differentiation. It
further increases the difficulty of decision making since many factors of each strategy are
counterproductive for the other. From a customer point of view, it is often seen as an un-
inspired product or service that only fulfill their needs to a certain level (Besanko et al.,
2004).
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3 Method

The method chapter is necessary to increase transparency and present the author’s work process. The
chapter is introduced with a connection between research questions and methods used to answer those
questions. A work process and timeline is presented as well as the research philosophy, approaches,
including data collection methods and data analysis. The chapter ends with an overview and evalua-
tion of trustworthiness.

3.1 Connection between research question and method

To answer the first research question, both document studies and literature reviews were
undertaken. The data that has been collected is necessarily not only used to answer one
specific research question, but also it is used to provide additional information and
knowledge for the other research questions. The connection between the research ques-
tions and choice of data collection methods are clarified in Table 3.

Table 3: Connections between research questions and methods used

Research Questions Methods used
4. What is the actual cost of implementing an autono- Document studies
mous vehicle? Literature review
5. Which cost will be affected by an implementation of Document studies
autonomous vehicles? Literature review
Interviews
6. How do these costs impact the Swedish logistics mar- Document studies
ket seen from a cost perspective? Literature review
Interviews

As the first research question has more of a theoretical character, document studies and lit-
erature reviews were the main source of data. Additionally, the data needed to answer the
first research question have quantitative characteristics and was therefore easier accessed by
the used methods. The data for the second research question was mainly collected through
document studies and literature reviews. However, interviews helped to retrieve specific
and more precise data, since the second question itself is somehow based on future scenar-
ios.

Similar to the second research question, the third is also based on future scenarios. Hence,
the same methods were used. In the third question, the interviews focused on retrieving in-
formation and data from the current state of the autonomous vehicle industry as well as
getting professionals’ opinions about future scenarios. Moreover, literature studies are con-
sidered as iterative processes, thus enabling the third research question to be answered in a
better way.

3.2 Work process

In order to increase transparency and understanding, a walk-through of the work process is
provided. A rough time scope of the work process is shown in Table 4. This section gives
an estimation of how work has been carried out throughout the thesis.
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Table 4: Time frame of the thesis

Thesis interest —
Introduction —
Methods
Literature & document studies
Interviews L
Results & analysis 1
Discussion
January | February| March April May

In September 2015 AXA, a French insurance company, released a report about the “the fu-
ture of driverless haulage” which got the authors interested in autonomous vehicles in the
logistics industry. This topic was quite underdeveloped and much of the scientific research
was focused on autonomous cars. The major problem was that the ideas was not yet ap-
plied to the logistics industry.

The problem was defined and thus, a purpose was created to solve this problem. To estab-
lish a clear course of action, three research questions were defined. To start working with
the background and problem description, some information was obtained via literature and
previous experiences. Document studies provided the basic knowledge of the topic. To
further increase the data collection methods and increase triangulation, the authors con-
tacted some companies working with autonomous vehicles, as well as a professor that is
currently studying the future of supply chain management.

The data was collected from both qualitative and quantitative methods, and compared to
each other, and later used to form the Frame of reference chapter.

At the end of February and early March the interviews were supposed to be held. Two in-
terviews were carried out during that time. One by telephone and one face to face. The re-
maining interviews were conducted in late April, mainly to test and prove the thesis’ trans-
ferability and generalizability. The interviews were recorded to later be transcribed.

Following the interviews, the results and analysis took part. This was a very time consum-
ing process as data needed to transcribed, categorized, analysed and summarized. In fact,
the authors had to allocate more time for this process and postpone the discussion chapter
to late April. The main reason for this was to make sure that the gathered information was
collected in the right way, and analysed in the appropriate way.

The postponement of the discussion chapter meant that the thesis was slightly behind
schedule. But progress was made, and the final product started to take shape. The research
questions were answered, and thus the purpose was fulfilled.

3.3 Justification of the thesis

During the first steps of this master thesis, we performed a pre-study to see if the topic ac-
tually could generate enough data for a master thesis and if any research gaps could be ex-
amined. A brief literature review was carried out in a critical way in order to gain an objec-
tive overview and in order to position the research within the right context. Once we gath-
ered enough data to get a grasp of the area, we quickly realized that the area was vague and
unexplored.
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As autonomous vehicles is an emerging topic, there is very little academic knowledge about
the impacts on the logistics industry. Most of the academic articles about autonomous ve-
hicles relates to the technology in autonomous vehicles and its development, rather than
the application of the technology. This shows that the topic is still evolving as academics
still discuss technology instead of the application. Moreover, the concept of autonomous
vehicles is vague and unclear. The associated theories are indefinite and previous studies do
not adequately describe how data was collected. We find it important to provide a clear
overview of the cost structures both directly and indirectly and at the same time as filling
the research gap.

The topic of autonomous vehicles is also seeing a dramatic increase in popularity. During
the last couple of years, autonomous vehicles have been trending on the internet and social
medias. The number of google searches for autonomous vehicles has increased by 400%
since 2014, much due to Tesla’s and Google’s autonomous cars and the research being
made by truck manufacturers (Google, 2017).

To our knowledge, there is no academic literature concerning how autonomous vehicles
could impact the Swedish logistics market. This is a clear academic gap and this thesis aims
to fulfil the gap between technology and application in the logistics sector. Hence, we find
this study highly relevant and justified.

3.4 Research philosophy

Even though the purpose of this thesis is relatively specific, it will develop new knowledge
and therefore it is important to explain the underlying assumptions that have been taken in-
to consideration. In relation to research philosophy, these assumptions explain on how the
authors view the world and further underpin the research strategy (Saunders et al., 2009). It
is important to be aware of which philosophy is utilized, in order to understand the motiva-
tions to why the research have been conducted in a specific way. Additionally, it enables
understanding why the choice of methods and strategies, and why certain issues are ad-
dressed as more important than others (Johnson & Clark, 2000).

Since this study is based on research questions, the underpinned philosophy is Pragmatism.
Pragmatism is defined by the determinant of research questions. It states that one of these
philosophies might be more appropriate for answering certain research questions, and
therefore different ones can be applied to different questions. Pragmatism provides oppot-
tunities since it allows variability in epistemology, ontology and axiology. This is related to a
later described methodological concept, mixed method strategy, that explain how both a
quantitative and qualitative strategy can be highly appropriate to use within a study (Saun-
ders et al., 2009).

Pragmatism also allows the thesis to only consider what is important and interesting. This
is reflected on how the world is observed, and also prevents researchers to investigate or
engage in pointless arguments about what is seen as truth and reality (Tashakkori & Ted-
dlie, 1998).

When it comes to ontology which explains researcher’s view of the nature of reality, prag-
matism is applied by choosing the best and most appropriate view to answer the research
questions. The epistemological perspective will be applied by a pragmatism philosophy by
the idea of both observable and subjective meanings can provide sufficient knowledge in
connection to the research questions. Furthermore, different perspectives will be used to
explain the data. Axiology explains the researcher’s view regarding the role of values has in
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research. Axiology is a big part of the pragmatism philosophy and allows both objective
and subjective stances (Saunders et al., 2009).

3.5 Research approach

When it comes to theory in this study, existing theory was used to create both the research
questions as well as the purpose. This proves that the aim of this study is to connect exist-
ing theory with data that has been collected, to gain deeper knowledge and understanding,
to answer the research questions, and fulfil the purpose. However, to fulfil the purpose, the
data collected is later compared with theory to achieve a result. This means that a deductive
approach is in combination used together with a mixed method approach. A deductive ap-
proach is based on existing theory that leads to a theoretical position that is later compared
to the data collected (Saunders et al., 2009). Another important characteristic of a deductive
approach is that the involved concepts are required to be operationalized that allow facts to
be monitored or measured quantitatively (Patel & Davidsson, 2011). This further explains
why a deductive approach would the appropriate for this thesis. To strengthen the motiva-
tion behind a deductive approach, the questions asked in interviews were based in theory.
Finally, regarding the analysis and result chapter, the empirical findings are compared to
carlier theoretical findings, thus strengthening the argument for a deductive approach.

Even though this thesis is mainly based on existing theory it is not a fully deductive study.
The study does not only test an already existing theory; it also contributes with new theory
in terms of geographical spread. Earlier theory describes implementation of autonomous
vehicles on an international level or other countries than Sweden. Since different circum-
stances apply to Sweden, such as regulations and costs, this study might result with new
theory or show some different conclusions compared eatlier theory.

Still, as this thesis focus on future technology, and existing theory is often outdated, col-
lected empirical data is considered as very important compared to old existing theory. This
causes an inductive reasoning since theory is instead created after data has been collected
(Saunders et al., 2009).

The interaction between deduction and induction is generally known as abduction, which is
when theory and empirical evidence is compared throughout the process (Patel & Da-
vidson, 2011). Moreover, it can be seen as the mix that appear when using both deduction
and induction. When a theoretical position is tested and compared with the empirical find-
ings, the result is a greater overall picture (Saunders et al., 2009). An abductive reasoning
does involve a continuous process of comparing existing theory with collected data, often
requiring much time. An abductive approach can sometimes be very similar to a deductive
approach, though it is important to understand that unlike a deductive method, an abduc-
tive reasoning does not guarantee the conclusion made of the premises. Rather it is used to
assume the most likely and best explanation (Sober, 2012). Since this study will contain de-
ductive reasoning, as well as some inductive reasoning, an abductive research approach is
most suitable.

The authors have undertaken this study with the prior knowledge that consist of the au-
thors own experiences and knowledge within the area. Later on an abductive approach will
be applied by using existing theory with data collected through both document studies and
interviews. From each of these data collection methods, new data will be found and be
looked upon to see if it is connected to the existing theory or if it changes the perspective
on reality and therefore contribute with a development of new theory. This process will be
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on going until the authors reach a stage of theory saturation, which is reached when there is
sufficient amount of theory to conduct this study.

3.6 Research strategy

There are generally two ways of conducting research, qualitative and quantitative. Concern-
ing qualitative research, it is often done by interacting with other people to retrieve data,
such as interviews or focus groups. The main focus is to gain an understanding of human
behaviours (Kirk & Miller, 1986). Qualitative research is generally mentioned as non-
experimental research and is further characterized by the data collection procedure, which
normally require a decrease of control to some degree in return for obtaining the data
(White & McBurney, 2013). A quantitative strategy is generally based on numbers and data.
Document studies and observations are often a part of the data collection, thus better suit-
ed when it is important to gain an unbiased result (Yin, 2011).

One thing that is generally used to separate these two strategies is the distinction between
dependent and independent variables. A dependent variable measures or shows the behav-
iour of the subject. Furthermore, the dependent variable can be explained as a response or
cause of an action and is shown by a score or response that can be measured. Dependent
variables are often connected to a quantitative strategy since it often provides data in form
of numbers or measurable variables (White & McBurney, 2013).

An independent variable is explained as a variable that cause a change in a dependent vari-
able by changing its value. It can also be explained as the condition manipulated or chosen
by the researcher, to investigate and find behavioural impacts (White & McBurney, 2007).
This explains why independent variables often are connected with qualitative research
strategies.

These two variables are used in this thesis to gain a more sufficient result. First the depend-
ent variable will be used to calculate costs, which can be measured and compared to other
dependent variables. This is highly relevant to all three research questions since they need
to be answered form a cost perspective. Independent variables will also be used and taken
into consideration in terms of investigating how certain costs will be affected. This will cre-
ate a research approach commonly called a mixed method approach (Saunders et al., 2009).

Mixed method research undertakes both a quantitative and qualitative strategy by its differ-
ent ways of collecting and analysing data, either at the same time or sequential. It is though
important to mention that this cannot be done in a combination, rather they are used at
different times. Even if a mixed method strategy is used by quantitative and qualitative pro-
cesses, quantitative data is analysed quantitatively, and qualitative data is analysed qualita-
tively (Saunders et al., 2009).

According to Tashakkori and Teddlie (2003) this strategy is better than a specific one, as
long as it provides better opportunities for analysing research findings in a more trustwor-
thy way. Mixed method further provides two big advantages, namely the usage of different
methods for different purposes within the study. As an example you can use interviews at
an exploratory level to gain an understanding about the key issues and later use a question-
naire to collect descriptive or explanatory data. This ensures that the right issues are ad-
dressed in an appropriate way (Tashakkori & Teddlie, 2003).

The mixed method strategy is applied to enable an unbiased result. An unbiased result is
important in this study since it aims at investigating a whole industry (Yin, 2011). The quali-
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tative contribution will further enable an understanding of the potential causes that an im-
plementation of autonomous vehicles might have on costs.

Bryman and Bell (2006) argue that there are seven different reasons to use a mixed method
design, as seen in Table 5. Since this study will use two or more independent sources of da-
ta collection methods to authenticate research findings (commonly called triangulation),
there is an underlying reason why a mixed method is used.

Moreover, aid interpretation, which is when qualitative data is used to help explain relation-
ships between dependent variables, will be used to answer the research questions and
therefore argue for a mixed method approach. Finally, a “solving a puzzle” method will be
used since the topic itself is future oriented, and the use of alternative data collection
methods are necessary when much of the current data is based on either estimations or
personal opinions. This is important due to the fact that projected future scenarios can be
seen as insufficient to provide a reliable conclusion.

Table 5: Reasons to use mixed methods

Reason Explanation

Triangulation Use of two or more independent sources of data or data collection
methods to corroborate research findings within a study.

Facilitation Use of one data collection method or research strategy to aid re-

search using another data collection method or research strategy.
Complementarity ~ Use of two or more research strategies in order that different as-
pects of an investigation can be dovetailed.
Generality Use of independent source of data to contextualize main study or
use quantitative analysis to provide sense of relative importance.
Aid interpretation  Use of qualitative data to help explain relationships between quanti-
tative variables.

Study different Quantitative to look at macro aspects and qualitative to look at mi-
aspects Cro aspects.
Solving a puzzle Use of alternative data collection method when the initial method

reveals unexplainable results or insufficient data.

Performing research can take three different purposes, either explaining a subject (Explana-
tory research), exploring a subject (exploratory research) or describing a subject (Descrip-
tive research). An explanatory research is often used when there is a need to further explain
the relationships between objects while exploratory research is conducted when a subject
needs exploration and particularly useful when clarifying the understanding of topic. This
area is also closely related to the descriptive research when the goal is to describe character-
istics and phenomena (Saunders et al., 2009). Exploratory research is often done in three
ways: literature review, interviewing experts in the area of studies, and conducting focus
group interviews to gather empirical data (Saunders et al., 2009).
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3.7 Data collection

The data used in this thesis originated from many sources and the information was collect-
ed in different ways. The following sub-headings describes how the data was collected.

3.7.1 Literature

To answer the research questions and thus fulfil the purpose, the authors needed to read
literature to get a clear understanding of the topic. The literature study contains peer-
reviewed articles and books earlier used at Jonkoping University. The majority of the litera-
ture was accessed via Jonkoping University’s library and through databases like Emerald,
EBSCO or ProQuest. To streamline the search for literature, google scholar and Jénkoping
University’s library was used to find both English and Swedish articles. The search for liter-
ature also consisted of news articles and more informal news media. However, these
sources were always backed up by official statements from companies and organizations.
Presented below are the most common keywords the authors used to find literature:

antomation, autonomous vehicles, self-driving vebicle, competitive advantage, globalization, google car, anto-
pilot, future logistics, cost of transportation, levels of automation, 1.OA, antonomous trucks

The literature studies added important information regarding the current state of autono-
mous vehicles and how the different levels of automation have affected the private car in-
dustry. The literature studies also complemented the interviews and document studies to
achieve a more reliable result.

3.7.2 Interviews

Interviews are qualitative in nature and were used to get basic information, as well as pro-
fessionals’ opinions about autonomous vehicles. In this exploratory research, interviews

were conducted to gain experts’ insight and knowledge in the area of studies, as proposed
by (Saunders et al., 2009).

According to Yin (2011), interviews are a good way of collecting information, and the in-
terviews conducted in this thesis are semi-structured. This means that the general topics are
predetermined, along with some questions, to set the stage for the interview. Along the
course of the interviews, the authors came up with new questions to increase a two-way
communication between researchers and interviewees. These interviews would be classified
as a mix of structured and qualitative, according to Yin (2011).

All interviews carried out for this thesis atre listed in Table 6, but due to the fact that most
experts in this area are not located in J6nkoping, the authors carried out some interviews by
telephone. This may reduce some of the interaction that a face-to-face interview provides
such as being able to use visual aid or body language (White & McBurney, 2013). Moreo-
ver, Yin (2011) states that the conversation is rarely as spontaneous as would be preferred
but phone interviews are still a reliable source of information, especially when recorded and
typed to form a transcript. The transcriptions were read several times to ensure the correct
information was entered, as suggested by Saunders et al. (2009). However, the interviewees
where not given the chance to edit their transcriptions since that may affect the statements
in a negative way (Saunders et al. 2009).
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Table 6: Interviews

Date Organization Who Role Duration
(Minutes)
29/2 2016 Chalmers Universi- Sonke Behrends  Professor 30
ty of Technology
14/3 2016 Tesla Motors Ayman Hassan Product Spe- 60
cialist
25/4 2016 Rosenlunds Logis- Oscar Ze- Traffic plan- 30
tik webrand ner
29/4 2016 InQuire Logistik Bjorn Paulsson CEO 35
15/11 2016 GDL Christer Eliasson  Quality- and 30
environmental
manager

3.7.3 Document studies

The documents studied in this thesis consists of reports from companies around the world.
They form a connection between theory and real life cases and can be a good complement
to interviews (Yin, 2011). The main difference between the document studies and literature
studies is that the information is obtained from companies or organizations rather than sci-
entists or authors.

Documents and reports, such as the Future of Driverless Haulage by AXA (2015) was among
the authors’ first encounter to autonomous vehicles and thus helped to get an understand-
ing of the topic. Much of the research within autonomous vehicles is driven by companies
that wish to be innovative. Therefore, most of the studied documents are based in specific
cases (often autonomous cars) and the authors needed generalize the ideas. Moreover, doc-
ument studies are generally more up to date than other sources of literature (Saunders et al.,
2009).

According to Saunders et al. (2009) document studies are often a good source of data when
it comes to detailed information. Since document studies are included in primary literature
that is generally more detailed than secondary literature, it will more likely allow the authors
to find details — including specific cost bases in relation to technological instruments related
to autonomous vehicles.

3.8 Data analysis

Data analysis is of great importance, especially when using mixed methods, to compare and
understand data acquired from multiple sources. Different data analysis methods were used
depending if the data is classified as quantitative of qualitative. A simplified version of the
data collection and analysis process is found in Figure 6. Figure 3 also highlights the itera-
tive process of abduction where old theory (literature) is continuously compared and ana-
lysed with new data from documents and interviews to generate new theory. This iterative
process allows pattern recognition, finding important themes and relationships between lit-
erature and collected data (Yin, 2007).
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Figure 6: Data analysis process (Own illustration)

The collected quantitative data from literature and document studies was categorized ac-
cording to the framework presented by Saunders et al. (2009), Figure 12:1 pp. 417. (Also
shown in the appendixes, section 8.3.1). This framework defines the data type depending if
the data is numerical or categorical. Categorical data can be further divided into descriptive
data or ranked data and numerical data can be broken down to continuous data and dis-
crete data. These four categories of quantitative data have been used to analyse the collect-
ed literature and documents. They all have varying characteristics and preciseness that de-
fines them. According to Saunders et al. (2009) the four types are ranked by precision and
accuracy, starting with the highest: discrete data, continuous data, ranked data & descriptive
data. This thesis always aims towards collecting discrete data when available, since accurate
data opens up more analytical tools and can for example be regrouped into less precise lev-
els to be further analysed (Saunders et al. 2009).

The numerical data was imported into Excel spread sheets as the software provides a great
way of handling and analysing data (Bullington, 2012). The categorical data was ranked and
described in Word.

The qualitative data collected in the thesis ranges from shallow questions regarding organi-
zational facts and to in-depth interviews with professors and professionals within autono-
mous vehicle research. The transcribed text from interviews was also extrapolated and
summarized to form a more condensed text. The sentences were then categorized into
themes related to the literature review. For example, if one question concerned transporta-
tion costs, the summarized interview answers were moved to the topic transportation costs.
This is seen as a thematic analysis.

After the classification and categorisation of interview answers, the sentences were struc-
tured and ranked in terms of importance from the authors’ point of view. The information
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given from these sentences was later compared with each other to analyse congruity and
conformity. Furthermore, the sentences were compared to previous data from the literature
review.

These tools are not only used to ensure that the right information was collected and used in
the theoretical framework, but also to ensure that the purpose of the thesis can be
achieved. Since the data collection methods overlap each other, the analysis and compari-
sons are important to see the connections between the different data as well as supple-
menting each other.

3.9 Trustworthiness

As this thesis involves a variety of data collection methods, the trustworthiness of the data
is crucial. Hence, this section is dedicated towards clarifying and developing trust within the
study.

3.9.1 Quantitative research

Quantitative research is often connected to logical or experimental positivism, and quanti-
tative measures to test a hypothetical generalization. It further strive after finding casual re-
lationships by comparing variables. To measure the trustworthiness within a quantitative
research the most common concepts are reliability and validity (Golafshani, 2003).

3.9.1.1 Reliability

Reliability is to which extent a research can be reproduced, when using the same methods
and the same conditions. Further, this shows how consistent the results are in relation to
time (Golafshani, 2003). According to Kirk and Miller (1986) there is three kinds of relia-
bility which are:

1. The degree to which a measurement, given repeatedly, remains the same.
2. 'The stability of a measurement over time.
3. The similarity of measurements within a given time period.

Moreovert, reliability can also be used to show how reliable the method is, in relation to the
measurements (Andersen, 1994). The quantitative approach in this study is mainly docu-
ment studies. This mean that the measurements are not decided by the authors, though the
authors are able to use the data to convert it into other measurements, which can later be
used or compared to each other. Generally, this data consists of actual costs in relation to
autonomous vehicles.

To measure the reliability in terms of Kirk and Miller’s three categories, the first one com-
pares data from different sources to control consistency, and by that be able to specify the
certain necessary costs. The second category is not as easy. Data will change over time as a
possible implementation of autonomous vehicles takes place. Additionally, the industry is
continuously changing as technical advancements are utilized. To reach a satisfying reliabil-
ity, the thesis uses current data based on estimations about the future, and use the first cat-
egory to find the most possible future scenario.

The third and final category is applied in the same way as the second. To still reach a satis-
tying level of reliability, currently available data is carefully used and compared with each
other to assure a high accuracy and consistency.
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39.1.2 Validity

Validity can be explained by measuring the right thing that was intended to be measured, or
how truthful the results are (Golafshani, 2003). Furthermore, validity can be divided into
three categories as well as reliability. These are internal validity, external validity and statisti-
cal conclusion validity (Kazdin, 2003). Internal validity refers to how studies can be con-
ducted in relation to independent variables without any external impacts, affecting the re-
sult. External validity explains how well the study can be applied on other areas as well as
the generalizability. The last, statistical conclusion validity shows how accurate and relevant
the collected quantitative data is (Kristensson, 2011; Merriam, 1994). Furthermore, validity
can be explained as the interplay between construct data and data affected by the authors.
This is done in order to validate the study and is most often applied in a quantitative con-
text.

In this study the authors will involve both independent and dependent variables which in
turn reduce the internal validity. Nevertheless, the independent variables will not be affect-
ed by any external factors — Instead, the independent variables will affect the dependent as
mentioned earlier. Therefore, the internal validity is considered satisfying. The external va-
lidity is satistying because of the fact that the study can be performed in any other country
or region, with similar results. The only disadvantage in external validity is that the data it-
self might be difficult to use, regarding studies that are not connected to autonomous vehi-
cles.

The conclusion is that validity is fulfilled, by collecting the most precise and up-to-date data
from companies involved in the autonomous vehicle industry.

3.9.2 Qualitative research

As stated eatlier, qualitative research is based on producing findings without using statisti-
cal procedures or means of quantification (Corbin & Strauss, 1990). Focusing on real world
conditions and understanding cause and effect relationships, its estimations of trustworthi-
ness is often discussed in terms of generalizability, credibility and transferability.

39.2.1 Generalizability

Generalizability can be defined as to which degree the study can be generalized so that
when conducting the same study with the same conditions, but in another industry or sce-
nario, the results are the same (Saunders et al., 2009). Marshall and Rossman (2011) state
that generalizability in relation to qualitative studies, allow the authors to relate the research
to existing theory and by that enable your findings to prove a more theoretical significance.

In order to increase the generalizability in this study, a clear relation to existing theory is es-
tablished to produce more significant findings. This will provide higher generalizability,
since it allows a more detailed picture on how the relationship to existing theory been es-
tablished and led to the results (Bryman, 1988). It is though important to mention that this
study is carried out in a relatively unexplored area, thus reducing the stability of generaliza-
tion over time. The closer the estimations of future scenarios of autonomous vehicles are
in relation to the actual future, the higher generalizability and vice versa.

3922  Credibility

Credibility is a very important factor that has to be taken into consideration. A high credi-
bility means that the findings are truthful, leading to a valid result. Many researches states
that you cannot truly know if the results are wrong, rather it is about reducing the possibili-
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ties of getting the wrong results. This is why a well-developed research design and strategy
is crucial. Raimond (1993) define credibility as

“Scientific methodology needs to be seen for what it truly is, a way of preventing me from deceiving myself in
regard to my creatively formed subjective hunches which have been developed out of the relationship between
me and my material.”

To enhance the credibility of this study, data have been collected from both the academic
and business world. Additionally, the data have been compared with existing theory using
an abductive approach to assure congruity and therefore increase credibility. One negative
aspect in terms of credibility of this study is its future. Since parts of this research is based
on estimations about future scenarios, it cannot assure that these estimations will be true
even though they are the most likely ones, according to both theory and data collected.

3923 Transferability

Transferability refers to which degree the findings of a qualitative study can be transferred
and made in other settings and under other conditions. A well-explained description of
how the study has been carried out is one of the most common ways to enhance transfera-
bility. This helps other researchers to transfer the actions and results into other contexts. It
is important to mention that it is other researchers’ responsibility to consider how sensible
a study is when transferring it into other contexts. (Trochim & Donnelly, 20006). This
study’s transferability is satisfied by the fact that the authors describe their work process in
terms of methodology, theories and data collection methods used. Moreover, the study is
tully transferable geographically, since the costs involved already occur in all transportation
industries no matter of geographical spread. It is also important to mention that this study
focus on the cost of an implementation of autonomous vehicles, which also increase the
transferability compared to investigating the costs of already implemented autonomous ve-
hicles, since the technology might not be accessed all over the world.

3.10 Research ethics

When conducting a study, situations that causes ethical issues may arise, especially when
accessing, collecting and analysing data. Research ethics can be explained by conducting
your study in the most correct ethical way seen to your behaviour, in relation to those that
are either the subject or those to get affected by the study (Zikmund, 2000). It involves al-
most everything that is being done within a study — from formulating and clarifying the re-
search topic to collecting and analysing data.

According to Saunders et al (2009) there is two different perspectives that can be applied
when conducting a study within business and management. The first one is a deontological
view that states that the results of the research cannot justify the use of the research, and
thus becoming unethical itself. The other stance is a teleological one that will be applied in
this study (Saunders et al. 2009). A teleological perspective means that the result of a re-
search justifies the means. The beneficial parts of a study will be compared against any un-
ethical actions, and further lead to a decision of acting morally correct.

Furthermore, to increase the ethical point of view in this thesis, everyone involved in this
study were clearly introduced to the topic, and also participated by their own free will. The
interviewees were also offered the choice of remaining anonymous and all recorded inter-
viewees gave their permission beforehand. The data collected will only be used for this
study, and not distributed to any other parties. Additionally, the data is stored at three
home PCs for 1 year. This further enhances the anonymity (Saunders et al. 2009).
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This study will discuss an opportunity for implementing autonomous vehicles which may
lead to reduced job opportunities in the long term. Since the study only focus on cost esti-
mations, ethical issues in this matter will not be addressed.
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4 Results

In this chapter the main results from the studies are presented. The results are given in a value-free way to
ensure credibility. The chapter is based on the research questions and they provide a natural way of present-
ing the results. This part of the thesis ends with a brief look at Rosenlunds Akeri and GDL,, two Swedish

logistics companies

4,] Introduction

The logistics industry is a highly competitive market (Angheluta & Costea, 2011) and many
companies are working hard to be either cost efficient or innovative to gain competitive
advantage over their competitors. If logistics companies focus on cost leadership as the
main competitive advantage, competitors may find cheaper labour or lowered costs and
thus being able to outperform the other actors with the same cost efficiency focus. While
on the other hand, if the logistics companies were to focus on innovativeness and differen-
tiation, they are rather utilizing a long term strategy that can be profitable in the long run.

Many logistics companies are starting to realize the long term profits of offering innovative,
good quality services instead of lowering costs to unprofitable levels. This can be seen in
the amount of services many logistics companies offer (Hertz & Alfredsson, 2003). Addi-
tionally, many vehicle manufacturers like Volvo trucks and Volkswagen group are research-
ing innovative technologies that may change the way we transport goods and people in the
future.

Over last decades many researchers and especially car manufacturers have starting to see
the possibilities of autonomous vehicles (Sharfer & Whittaker, 1987; Butler, 2016). Multiple
companies are researching autonomous vehicles but no-one has been able to release a fully
developed autonomous vehicle. However, Ford is planning on releasing a level 4 autono-
mous car in year 2020 (Butler, 2016) and other car manufacturers are following suit. Tesla’s
model S can be classified as level 3 and many other new cars are made to level 2, with ca-
pabilities such as adaptive cruise control working along with lane departure warning (But-
ler, 2016; Hassan, 20106).

Despite the fact that technological advancements have had breakthrough in the automotive
sector, the trucking industry is a few years behind in the autonomous development. Some
of the biggest truck manufacturers (Volvo trucks and Volkswagen group) have included
level 2 capabilities in their trucks (Volvo Trucks, 2016; MAN trucks, 2016) but there is little
research on higher LOA in the logistics/trucking industry. Even though the Swedish road
administration states that technological advancements made in the logistics industry could
lower the number of lethal accidents involving heavy trucks by 43% (Vigverket, 2008).

McKinsey (2013) argues that the technology is not going to be the greatest obstacle when it
comes to implementing autonomous trucks, but rather legal frameworks and winning the
public support are going to be two major hurdles. To quote the McKinsey report: 17 fact, af-
ter 20 years of work on advanced machine vision systems, artificial intelligence, and sensors, the technology
to build autonomous vehicles is within reach McKinsey, 2013).

In order to answer the first research question, calculations based on research is needed.
The thought process to calculate these cost can be seen in Figure 7. As an input for these
results, the thesis uses existing knowledge in logistics and economics combined with re-
search in autonomous vehicles. The combined input is presented, analyzed and presented
as a decision framework for Swedish logistics companies whether to invest in Autonomous
vehicles or not.
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Figure 7: Calculations thought process

Figure 7 further illustrate the predeterminations of the study and also explains the scope to
some degree. With this model in mind the authors knew what stance to undertake in rela-
tion to the re-search of autonomous vehicles. All information that was gathered was re-
trieved without any previous settings of sorting out irrelevant information. As seen in Fig-
ure 7, the input does not refer to any kind of information that does not concern logistics
and economics as well as autonomous vehicles. Instead the throughput were the determin-
ing factor of sorting out irrelevant information. The figure complements the result chapter
since it shows the connections from early reasoning and preparatory research to the actual
output, which is presented as the result of this master thesis.

The following sections of this chapter are divided into sub-headings where the research
questions are being answered.

4.2 What is the actual cost of implementing an autonomous
vehicle?

Since the data needed for research question one have quantitative characteristics, literature
and document studies are the most appropriate ones. The findings are based on first prov-
ing that the technology can be applied onto trucks and will later be presented by costs that
occur when implementing.

According to AXA (2015), KMPG (2015a; 2015b), Volvo (2015), Daimler media (2015)
McKinsey (2013), PWC (2014) and Boston Consulting Group (BCG, 2015) there are no
barriers in terms of applying the same technology used for cars onto trucks. As quoted in
the introduction part of this chapter, McKinsey states that the technology is within reach.
Volvo’s director of the autonomous driving programme, Marcus Rothoff states that Volvo
is building test vehicles of LOA 4 at the moment and that the first customers will get their
autonomous cars in 2017 (Rothoff, 2016). He further states that Volvo is aiming at launch-
ing the first fully autonomous vehicles with a LOA 5 at year 2020 that is further strengthen
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by Volvo’s senior technical leader for safety and driver support technologies (Coelingh,
2016). Furthermore, Erik Coelingh states that Sweden is an exceptional country to imple-
ment autonomous vehicles because of the close cooperation between the automotive in-
dustry and authorities, which is highly necessary (Volvo, 2016)

Moreover, the British mining company Rio Tinto already use autonomous haulage trucks
in their production facilities. According to Rio Tinto they have 69 autonomous trucks in
their production site in Pilbara and because of the increased productivity, they expect an
increased amount of autonomous trucks in the coming years (RioTinto, 2016).

The German automotive corporation Daimler recently presented an autonomous truck of
LOA 2-3 that allow the driver to let go and the truck is operated by itself (Daimler, 2016).
The truck introduced by Daimler has already got that far in technological advancements
that it is already approved for use on public roads (Daimler, 2016). Furthermore, Daimlers
truck manager Dr Wolfgang Bernhard states in a press release 2015 that they got the tech-

nology and it is realistic to introduce autonomous trucks at year 2020 (Daimler media,
2015; Bernhard, 2015).

The data found through document studies shows a clear pattern, even though the technol-
ogy has come far it is not as well-developed that it can be fully applied within the logistics
industry. Instead the implementation of autonomous vehicles and especially trucks is a
progressive process that is according to MAN (2016), Rothoff (2016), Daimler media
(2015), Bernhard (2015), Daimler (2016), estimated to take its start in early 2020.

The data collected regarding the cost for an implementation has been gathered from com-
panies active within the truck industry as well as multinational consultant companies and
previous studies. It is important to notice that these cost are only additional cost to either
convert a normal truck, or additional cost when purchasing a new one. The costs only re-
flect estimations at year 2020 and 2030, which means that there is no data collected be-
tween these years. Table 7 shows the costs based on external organizations predictions at
year 2020. The costs also include the markup from the manufacturing company.

Table 7: Additional cost for autonomous vehicles by 2020

Sources Cost estimation (SEK)
Volvo (Di Dimension, 2015) 80 000
Boston Consulting Group (BCG, 2015) 50 400

Victoria Transport Policy Institute (Litman, 2013) 83 400

DMV (Perch, 2014) 83 400
IHS (IHS, 2014) 71 400
AVERAGE 73720

When it comes to the cost in terms of each component, Boston Consulting Group (2015)
included the components needed to turn a non-autonomous vehicle into autonomous in
terms of LOA 4-5. They based the components needed on the autonomous self-driving
Google car and later estimated the costs for each of these components. It is important to
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remember that the following costs are purely for the materials. Labour cost and cost for in-
stallation is not included. The summary of the components’ cost is shown in Table 8.

Table 8: Cost of components in autonomous vehicles by year 2020 (BCG, 2015)

Components Cost estimation (SEK)
GPS 37 800

Lidar 50 400

Video camera (Stereo) 1700

Ultrasonic sensors 170

Odometric sensor 1 000

Radar sensor (Long range) 1300

Radar sensor x2 (Short range) 1700

Central computer 8 400

TOTAL 102 470

The focus of this thesis is the time frame between 2020 and 2030 and therefore implemen-
tation costs by 2030 are also necessary. The costs for 2030 according to external organiza-
tions are shown in Table 9.

Table 9: Additional cost for autonomous vehicles by 2030

Sources Cost estimation (SEK)
Volvo (D1 Dimension, 2015) 40 000
Boston Consulting Group (BCG, 2015) 42 000
KPMG (2015) 10 500
IHS (2014) 37 800
AVERAGE 32 575

Volvo (2015), Boston Consulting Group (2015), IHS (2014) and KPMG (2015b) expect a
decreased implementation cost in 2030 compared to 2020. This is due to economies of
scale and technical advancements progresses, which results in an average cost to manufac-
ture an autonomous vehicle in year 2030, compared to a normal vehicle, is 32 575 SEK in-
cluding markup.

Regarding the cost reductions of new technologies, the Santa Fe Institute made a study that
compares 62 different technologies and their cost data over a 39-year period. This study is
the largest database of such information compiled, throughout history. The study shows a
clear pattern. New technologies follow an almost exact linear pattern in cost reduction,
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meaning that the cost reduction per year will be equal throughout the time scope (Santa Fe
Institute, 2012). This is also shown in the appendixes, section 8.1.3.

As there is very little known of the cost of the components in an autonomous vehicle by
2030, these cost are estimated in section 5.2.

4.3  Which costs will be affected by an implementation of au-
tonomous vehicles?

In order to identify which costs that will be affected by an implementation of autonomous
vehicles, data has been collected through literature studies, document studies as well as in-
terviews.

The data gathered from literature studies mainly consist of data helpful to the authors to
understand how the costs are affected by autonomous vehicles. Therefore, the majority of
the data gathered through literature studies is of qualitative characteristics rather than quan-
titative.

AXA (2015), KPMG (2015a), Boston Consulting Group (2015) and other research insti-
tutes have identified the potential cost savings in terms of labour costs, costs for fuel con-
sumption, insurance costs and vehicle utilization cost. Furthermore, in an interview with
professor Behrends, he was asked the question regarding transportations cost and replied
the following:

“...as a rule of thumb of transport cost, one third fuel, one third vehicle and one
third labour, and I think insurance cost are included in the vehicle cost. So this is
the main costs and I think it is probably still the same, even though fuel cost has
gone down a little bit. I don’t know about labour cost development /.../ but if la-
bour cost is one third of the total cost I think that there are definitely incentives for
autonomous vehicles”. [Behrends, 2016]

431 Fuel

According to Volvo, Volvo trucks consume an average 4 litres of diesel per 10 Km (Volvo
Trucks, 2016). The distance a truck drive in average per year is according to Scania (2013)
150 000 Km.

With the Scania statement of 150 000 km per year, this translates to an average fuel con-
sumption of 60 000 liters annually per truck. To transform this consumption into cost, the
average fuel cost for diesel from 2015 and until today (2016-04-18) is 12,95 SEK per liter
including 25% Value-Added Tax (VAT) (Shell, 2016). However, as companies in Sweden
do not need to pay VAT, the cost per liter is instead 10,36 SEK, or an annual cost of
622 000 SEK.

According to AXA (2015), an implementation of autonomous vehicles would reduce the
fuel consumption for trucking companies by 10-15 % only because computers are more
fuel-efficient drivers than humans (AXA, 2015; McKinsey, 2013). Additionally, once au-
tonomous vehicles start communicate with each other further fuels savings can be achieved
due to platooning and vehicle to vehicle communication. Platooning basically means that
vehicles use adaptive cruise control to maintain a steady distance to the vehicle ahead, thus
reducing air resistance. This alone can reduce fuel consumption by 7,7 % (Alam, 2014).

Moreover, if the vehicles communicate with each other, there is no need for safety distanc-
es between vehicles on highways and vehicles will be able to drive very close to each other
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(less than 5 meters in-between). This reduces air resistance to such extent that fuel con-
sumption will be lowered by additionally 14% (Alam, 2014). Bullis (2011) supports those
numbers by estimating that 15-20 % of fuels will be saved by platooning and vehicle to ve-
hicle communication. McKinsey (2013) also agrees with these fuel savings statements. They
estimate that autonomous vehicles will have a 10-40% improved fuel efficiency compared
to today’s trucks.

432 Labour

Labour cost is one of the major incentives towards an implementation of autonomous ve-
hicles due to the ever increasing labour costs. According to the Swedish Transport Work-
ers’ Union, the average starting salary for a truck driver in Sweden is 260 000 SEK
(Transport, 2015). Adding to this is the mandatory 12% holiday compensation and on top
of that is the 31,42 % payroll tax (Skatteverket, 2016). Additionally, most companies pay
their employees insurances (approximately 12000 SEK annually (Bolagsverket, Skatteverket
& Tillvaxtverket, 2016)). This sums up to 382 700 SEK per year.

McKinsey (2013) argues that half of all trucks will still need human drives present even if it
has a LOA 4-5, mainly due to the last mile problem. This problem will still remain even if
the vehicle has autonomous capabilities. Most reports believe that the long haul industry
will be first to adopt autonomous vehicles (AXA, 2015; McKinsey, 2013; KPMG, 2015).
McKinsey (2013) further estimates that one or two administrators will be able to drive 10
truck simultaneously (among those 50% that does not need human drivers present), thus
reducing labour cost by 80-90 % for long haul businesses.

4.3.3 Insurance and safety

In the normal assumption as stated by Behrends (2016), one third of transportation cost is
labout, one third is fuel and one third is vehicle costs. Vehicle insurances are covered in the
vehicle cost but according to researchers and reports, the insurance cost will be drastically
lowered since autonomous vehicles are much less prone to accidents (AXA, 2015; McKin-
sey, 2013, KPMG, 2015b). This is due to the fact that 87 % of all traffic accidents are
caused by human errors (AXA, 2015) while Waldrop (2015) means that 90% of all acci-
dents are caused by human errors. This statement is supported by the Swedish society for
road safety (NTT, 2014) whereas the NHTSA have statistics that prove that 94% of the ac-
cidents are caused by some kind of human error (NHTSA, 2015).

Truck insurances are quite expensive. A truck insurance with the Swedish insurance com-
pany Trygg Hansa can cost up to 50 000 SEK per year (Trygg Hansa, 2016) but according
to Dexheimer (2015), the cost of insurance could be reduced by as much as 60% by year
2030, translating to a cost saving of 30 000 SEK per year. Also, the automotive insurance
company Metro Mile (2015) further states that insurances premiums will reduce by up-
wards of 8200 SEK annually when using autonomous vehicles on highways. Thus, LOA 4
vehicles can see an insurance cost reduction in the near future.

Furthermore, as manufacturers move up the LOA scale towards fully automated vehicles,
liability will move from the driver to the manufacturer. This will cause a shift in insurance
industry as 90% of today’s accidents will not occur and according to KPMG (2015b), the
insurance business will shrink to less than 40 % of its current size. However, the report also
states that the insurance companies will not witness a significant change within the next
decade since the number of autonomous vehicles will still remain relatively low.
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As liability is transferred to the truck manufacturer, vehicle insurances may not be neces-
sary. One example of manufacturer insurances is the Volvo Drive-me project. Volvo will
cover all costs caused by an accident if the vehicle is in autonomous driving. This is still on-
ly used in the automotive sector but it soon to be transferred to logistics industry. Insur-

ances for the goods will remain unchanged as they are most likely not covered by manufac-
turers (Matson, 2016).

Additionally, it is possible to calculate the indirect costs for insurance and accidents. As
traffic accidents occur, great costs arise due to material costs and loss of capacity, especially
when heavy trucks are involved. NTF (2014) argues that 20% of all accidents with lethal
outcome are caused by heavy trucks, and 48% of all heavy trucks in Sweden belong to the
logistics industry (SCB, 2016). Deadly traffic accidents cost the society 3,1 billion SEK eve-
ry year, most of it in loss of production capacity (MSB, 2005).

434 Vehicle utilization

Regarding LOA 4 vehicles, the vehicle utilization will not be considerably improved since
there is still need for a physically present driver. Though, reports states that drivers could
enable the auto pilot on the highway and then focus on other tasks while the vehicle is
driving by itself (KPMG, 2015a). According to a patent of autonomous vehicles assigned
by Volkswagen, an autonomous vehicle provides better utilization of transport capacity of
traffic routes (USA Patent No. US6151539 A, 1998). Furthermore, Conway (2013) states
that autonomous vehicles would provide higher vehicle utilization and therefore reduce the
need for capital spending on new investments in terms of trucks.

According to Parreira (2013) the degree of utilization for LOA 5 autonomous trucks could
be increased by 21% compared to non-autonomous trucks. This is a fairly low estimation
since Antich (2015), the former president for the American Automotive Fleet & Leasing
Association and also inducted into the Fleet Hall of Fame, estimates that the vehicle utiliza-
tion could increase by nearly 50% by using autonomous vehicles.

According to the American Transportation Research Institute (2014), the cost of operating
one truck is 8,50 SEK per kilometer. This is further strengthen by the investigation made
by Trafikanalys (2012) that states that the cost for a truck in Sweden is 8,60 SEK per kilo-
meter. Since the report made by Trafikanalys (2012) is based on the Swedish market this
number will be used for further calculations in the analysis. A study made by Gustafsson
(2007) shows that a truck often generates an annual average profit of 99 400 SEK.

It is clear that the vehicles utilization rate will increase if the vehicle is autonomous. Anoth-
er aspect that might be forgotten is that even if there is a need of human driver to handle
the last mile problem, the drivers themselves can increase their performance by instead of
driving focus on for example administrative operations.

“The technology used in autonomous vehicles in the future will allow busy people
to deal with tasks in order to save time while the vehicle will drive itself. For exam-
ple, it will be possible to sit in the car and answer emails while letting the vehicle
deal with the driving.” [Hassan, 2016]
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44 How do these costs impact the Swedish logistics market
seen from a cost perspective?

The data collected in order to answer research question 3 is to the majority already present-
ed in the two eatlier research questions. Therefore, the same data collection methods are to
some degree used. One thing that was necessary is the fact that eatlier data is only present-
ed in relation to one truck. Therefore, has data been collected in terms of applying the data
earlier found onto the whole Swedish logistics industry and by that all the trucks active
within logistics in Sweden.

Furthermore, the interviews that have been conducted highlighted the problems that might
occur with the last mile problem in relation to autonomous trucks. Today, the last mile is
an area of interest for researchers and there is plenty of room for improvements. There-
fore, this is an area that needs to be considered when implementing autonomous trucks,
and how autonomous vehicles affect the last mile problem, both directly and indirectly.

“Autonomous vehicles can drive to the receiver’s location and also probably find
parking and so on, but then how is the goods or parcel or pallets delivered the very
last mile into the store and factory?” ...” This might be another barrier.” [Beh-
rends, 2016]

The technology is not the problem anymore, rather external factors that need to be restruc-
tured or rearranged to enable an implementation of autonomous vehicle to its full usage.
One additional barrier today is the legal aspects, and how law and regulations are in use.
The technology has come so far that there is basically no need for operating the vehicle
when driving on major roads. The vehicles can basically drive by itself without any need of
human interaction. The problem is that regulations does not allow the vehicle to operate by
itself.

“There is not a technology problem anymore. I think it is more or less about the le-
gal aspects. There are for sure barriers from a legal aspect. But I think there will be
a future for autonomous vehicles in logistics.” ...” I think that one enabler is the
development in the car industry or the passenger sector” ...” I definitely see a fu-
ture for autonomous vehicles when it comes to passenger cars. Sooner or later we
will see them on the market and probably they will also have an impact on the lo-
gistics industry. I am sure about that. I think we will see it in the future, due to the
fact that the car sector is quite far already.” [Behrends, 2016]

“As a matter of fact I recently drove a Tesla model S from Malmoé to Gothenburg
without barely touching the steering wheel. The only problem with autonomous
vehicles in Burope is that the laws states that the hands are not allowed to com-
pletely leave the steering wheel and thus, not enable the benefits with autonomous
vehicles.” [Hassan, 2016]

When these barriers are dealt with and the industry is ready for an implementation, auton-
omous vehicles will impact the logistics industry, especially seen to the developments al-
ready made within the car sector that has created a good foundation for further improve-
ments.

“...seen to how far Tesla has come today, as well as other car and truck manufac-
turers when it comes to technological advancements, I am sure that autonomous
vehicles will be a part of our future and will for sure have an impact on many busi-
nesses” [Hassan, 2016]
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Regarding the implementation of autonomous vehicles in Sweden, it is necessary to know
the market. The number of trucks active within the Swedish logistics industry needs to be
taken into consideration. Table 10 show the amount of trucks registered in Sweden used in
the logistics industry the last six years according to the Swedish Central Bureau of Statistics
(SCB, 2016).

Table 10: Number of trucks in Sweden within the logistics industry (SCB, 2016)

Year 2010 2011 2012 2013 2014 2015

Logistics trucks in 37628 38381 38111 37716 37856 38103
Sweden (Pcs)

Since the numbers does not show any major increases or decreases, the average is calculat-
ed to show an estimation for the time period. The average number of trucks active within
the Swedish logistics industry is 37 966. This figure is round up to 38 000 trucks for further

calculations.

45 Framework Application

To put the calculations and result into a greater context, a practical example is helpful. We
have chosen to conduct two smaller case studies in order to complement the theory and
figures gathered at an earlier stage and at the same time add a third dimension (practice) in
order to retrieve more precise data (Bell, 1987). Furthermore, Edwards and Talbot (1999)
states that a case study is highly representative when exploring and investigating a field of
study that is fairly unexplored, such as autonomous vehicles.

The Swedish logistics company Rosenlunds Akeri AB was contacted in order to prove that
the result of this study can be applied to actual cases. GDL, another Swedish logistics
company, was also contacted to further support this thesis’ findings. Additionally, since the
focus of this thesis is the Swedish logistics industry, it can be a bit too big to understand.
Therefore, some real life cases can provide further possibilities for the reader to get a better
grasp the content.

451 Rosenlunds Akeri

Rosenlunds Akeri AB is a middle size transportation firm that was founded in 1964. They
are currently located in J6nkoping because of its central location in the Nordics, from a ge-
ographical point of view. Their range of services includes transportations within Sweden,
Norway and Finland.

The company has an annual revenue of 225 million SEK and has been growing steady the
last couple of years by both expansions of geographical areas and company acquisitions of
smaller transportations firm. The firm is one of Sweden’s largest family-owned logistics
companies with more than 220 truck drivers and 115 trucks, of which 90 are in the long
haul sector. This makes Rosenlunds Akeri a perfect practical test for this framework, as
Autonomous vehicles are most likely to first be seen in the long haul industry.

The firm is located south of Jonkoping, Sweden where they also have two storage and
warehouse facilities. They operates as an agent for DHL, performing transports for the
wortldwide logistics giant. The majority of the transports take in southern Sweden, but the
firm also transports goods to Europe (Rosenlunds Akeri, 2016).
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According to Zewebrand (2016), the trucks within the long haul sector drive an average of
110 000 kilometers per year, which is lower than the 150 000 kilometers stated by Scania
(2013). The average fuel consumption is 4,1 liters per 10 kilometer. Regarding the vehicle
utilization, the drivers spend approximately seven hours per day inside of the truck. In the
interview with Zewebrand (2016), Rosenlunds state that they pay an average of 19 000
SEK per year for insuring a vehicle. These numbers are later used in the analysis chapter to
calculate and investigate the potential cost reduction opportunities by implementing auton-
omous vehicles at Rosenlunds Akeri AB.

45.1.1 Fuel

When using the figures from Zewebrand (2016) and combining with the fuel cost savings
presented by Alam (2014), Bullis (2011), AXA(2013) and McKinsey (2013), Rosenlunds
Alkeri could save between 46 700 SEK and 116 800 SEK annually per truck, depending on
LOA. 46 700 SEK is based on LOA 4 where current fuel prices are multiplied with a 10%
reduced fuel consumption and distance covered per year. 116 800 SEK is instead based on
LOA 5 with 25% reduced fuel consumption.

45.1.2 Labour

According to the labour union Transport (2015), labour costs are estimated to be 382 700
SEK per year per employee. If the McKinsey (2013) estimation is applied to Rosenlunds
Alkeri, the company could reduce labor costs by 80-90 % in LOA 5 as their main opera-
tions is long haul industry.

4.5.1.3 Insurance and Safety

Currently, Rosenlunds Akeri pays approximately 19 000 SEK in insurance per vehicle and
year. This can be expected to be lowered by 8200 SEK when using LOA 4, and an addi-
tional 60 % out of the original cost when using LOA 5 (Metro Mile, 2015; Dexheimer,
2015).

45.1.4 Vehicle utilization

The vehicle utilization is expected to increase with about 21% when using LOA 5 accord-
ing to Parreira (2013). For Rosenlunds Akeri this would mean an increased annual profit by
21 000 SEK per vehicle according to the Gustafsson (2007) estimation.

452 GDL

GDL is a company that offers transport- machinery- and logistics services. They are one of
the larger national transport companies within Sweden and are currently located at 15 dif-
ferent locations in Sweden with their head office in Helsingborg. The revenue reaches the
amount of 2,7 billion SEK.

This company was chosen because of larger size, as the first case company introduced in
this paper is of a smaller character the authors would like to apply the calculations and the-
ories onto a bigger company to see if the same results are shown.

Today, GDL has a total of 100 trucks running within Sweden and each of these trucks run
approximately 2000 kilometer per week, or 104000 km per year. Seen to their mileage they
consume 3,1 liter per 10 kilometers in average, which adds up to 32 240 liter per year. Since
the company does not own their trucks, the insurance cost per truck is included in truck
lease. In this thesis, insurance cost savings for GDL-trucks are set to 8 200 SEK per year
per Truck based on the Metro Mile (2015) estimation.
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45.2.1 Fuel

As mentioned by Eliasson (2017), an average GDL truck drives about 104 000 km per year.
In the same time, the truck consumes a 323 232 SEK worth of fuel. With the 10% reduced
tuel consumption from LOA 4, an average GDL truck with LOA 4 would have a 32 300
SEK lowered fuel cost. With the LOA 5 estimation, that number increases to 80 800 SEK
in reduced fuel costs (Alam, 2014; Bullis, 2011; AXA, 2016; McKinsey, 2013).

4522 Labour

The Swedish labour union Transport estimates the annual costs per employee to be 382
700 SEK. The McKinsey (2013) estimation of reduced labour costs in LOA 5 emphasizes
on cost savings in the long haul sector. However, GDL’s main operations is not long haul.
Hence, the company would still need about 50% of the trucking staff due to the last mile
problem. If the McKinsey (2013) estimation is applied to GDL, the transport organization
would rather reduce their labour costs by approximate 40-45%.

4.5.23 Insurance and Safety

As GDL does not own their own vehicles, their insurance costs will remain zero. However,
as autonomous vehicles are estimated to reduce insurance costs by 8200 SEK (Metro Mile,
2015), it can be seen as great leverage when negotiating new lease contracts. Therefore, the
increased safety of autonomous vehicles can lower GDL’s lease costs by 8200 SEK per ve-
hicle and year.

4524 Vehicle utilization

The vehicle utilization is expected to increase with about 21% when using LOA 5 accord-
ing to Parreira (2013). For GDL this would mean an increased annual profit by 21 000
SEK per vehicle according to the Gustafsson (2007) estimation.

The above numbers are necessary to calenlate whether if an investment in autonomous vehicles would be jus-
tifzed in the long term. The complete calculations can be found in the appendixes.
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5 Analysis

Alfter the presentation of the collected data related to autonomous vehicles, this next chapter will provide an
analysis of findings. This part includes the anthors” own opinions regarding antonomons vebicles. Just as the
previous chapters, the analysis is divided into subbeadings, organizged according to the research questions.

5.1 Introduction

As autonomous vehicles is an emerging topic, there is very little academic knowledge about
the impacts on the logistics industry. This is why the application and analysis of data is of
highest importance. With a good application of the two inputs, and a thoughtful analysis,
this thesis may be used as an investment decision framework for Swedish logistics compa-
nies whether to implement autonomous vehicles or not.

Previously mentioned, the collection of data, its comparison and the analysis is an iterative
process to generate new theory that can add to the research gap. This can be seen in the da-
ta analysis section of Figure 8. The framework shown in Figure 8 is the conceptual model
that this thesis uses to generate new theory.

Data collection

eLiterature
eInterviews
eDocument studies

Data comparison

eCategorization

New theory Theres

Data analysis

ePattern recognition
eRelationships
eCongruence

Figure 8: Iterative analysis cycle

The first cycle in this thesis’ data collection was to identify which costs occurs during
transportation. During the data collection process, we tried to reach data satisfaction. If the
amount of collected raw data was not satisfying, more data was necessary in order to pro-
ceed. Once that data was collected from multiple sources, there was an ongoing process be-
tween comparison of data and analysis in order to benchmark the most critical costs. At
this point the authors analysed the data in order to see if it could form any form of new
theory. The raw data were categorized into themes where the most frequent and relevant
ones were compared. After the first cycle, the authors decided to start a second cycle since
there was a need for more complementary data to move towards new theory before data
satisfaction could be achieved.
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The second cycle was to gain a better understanding of how the identified costs are struc-
tured and how they should be calculated in a correct way to get the most precise result pos-
sible. Thus, another cycle of data collection was carried out. When the amount of data col-
lected in this specific area was satisfying, the authors once again compared and analysed the
data. This lead to that the authors could get a clear view upon how these costs should be
calculated and what factors that needs to be considered, such as how the implementation
rate affect the final cost of the implementation. However, as the complete data was not sat-
isfactory, a third cycle was necessary to reach data satisfaction.

The third cycle of the process started once again with data collection, comparison and
analysis. This third cycle was performed in order to find how the costs earlier identified ac-
tually are going to be affected within the Swedish logistics market when autonomous vehi-
cle are implemented. The data collected in this cycle focused on how the Swedish logistic
market was structured and functioning from an operative perspective. When a satisfying
level of data was collected, the analysis later took the earlier data in consideration and this
time the authors could see that these three categories of data together complimented each
other in a way that could lead towards new theory. The data in this thesis is therefore re-
garded as satisfactory and adequately comprehensive to move on to deeper analysis and
calculations.

Today there is a clear cost structure in regards to transportations within the Swedish logis-
tics market. There is also evidence that the costs related to transportations will be affected
by an implementation of autonomous vehicles, but only at a general level. The fact that
these two cost structures are distinct and different is assured by data collected and present-
ed. The issue and the whole reason to why this thesis was undertaken is to combine these
two cost structures in order to identify variations in the cost structures when combined, in
order to show a potential future cost scenario of the Swedish logistics. We cannot assure
that the outcome of the study will show a positive or negative affect by an implementation
of autonomous vehicles, but we can assure that the cost structure will change. The costs
involved will change by different factors influencing the way of operating and they will also
change seen to the proportions of the total transportation cost.

The following sections are analysis based on the three research questions and the subhead-
ings represent each research questions respectively.

52 What is the actual cost of implementing an autonomous
vehicle?

As previously presented in the results chapter, the average additional cost of an autono-
mous vehicle in 2020 is 73 720 according to the external organizations, and 102 470 SEK
for the components (BCG, 2015). As for 2030 it is 32 575 SEK according to the external
organizations. It is important to note that these cost are only for one truck. The overall

cost for several trucks and the impacts on the logistics industry in Sweden will later be
shown in question three.

To gain a more accurate result, since there are great differences in the cost estimations, the
authors calculates an average in Equation 2.

73720+ 102470 =176 190

176 190

= 88 095
2

Equation 2: Cost of an autonomous vehicle by 2020
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This is thus the average estimated cost in 2020, which is used in this thesis. As for 2030
there will be calculations based on economies of scale over the time period. These two
costs will later be used to find the average cost decrease in percentage throughout the ten
years between 2020 and 2030 to be able to calculate each years’ costs.

Due to the fact that there is little know of the cost estimations of the components by 2030,
it is necessary to calculate the estimated cost using the same cost reduction rate as present-
ed by the organizations. The cost difference is 56% which translates into an estimated cost
of the components by year 2030 to be 45 087. The calculations can be found in the appen-
dixes, 8.1.1. Lastly, to find the average additional cost of an autonomous vehicle in 2030,
the components’ cost and the estimation made by the external organizations are averaged
in Equation 3.

32575+ 45087 =77 662

77 662

= 38831
2

Equation 3: Cost of an autonomous vehicle by 2030

38 831 SEK is thus the average additional cost for an autonomous vehicle in year 2030
compared to a non-autonomous vehicle.

As it is difficult to precisely foresee the future, the cost savings for each year in-between
2020 and 2030 are estimated according to the Santa Fe Institute’s study of reduces cost for
technology over time. The calculations are shown in the appendixes, 8.1.2.

The table in the appendixes 8.2.1 shows a linear relationship between cost and time which
is well strengthened by the study made by Santa Fe Institute. Therefore, these calculations
are considered as realistic and sufficiently precise.

Since the table shows the cost of implementing an autonomous vehicle yearly, the first re-
search question is hereby fulfilled. This table also generates the foundation for calculations
later found in connection to research question three where the number of autonomous
trucks for each year will be taken into consideration as well.

As mentioned before, these costs do not involve any external costs that might occur in re-
lation to the use or development of the manufacturing or implementation process. Rather
this cost is only connected to the components and technology used to produce an autono-
mous vehicle together with a potential markup.

5.3  Which costs will be affected by an implementation of au-
tonomous vehicles?

In order to understand what cost will be affected by an implementation of autonomous ve-
hicles, it is necessary to first present the cost of transportations in the current state. This
means that cost for labour, fuel and vehicles etc. needs to be calculated. When the total of
today’s transportation cost has been calculated, it is compared with the cost scenario after
the implementation has been carried out.
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The four major costs in this thesis are presented in the results chapter and as stated by
AXA (2015), these will undergo significant changes. In the following sections the four
costs are compared pre-implementation and post-implementation and analysed accordingly.

5.31 Fuel

Over the years the fuel prices have fluctuated heavily and price for fuel will continue to
change over time, affected by supply and demand. With this in mind, it is difficult to calcu-
late actual fuel costs to precision, especially when most logistics companies buy their fuel in
bulk and receive negotiated discounts. However, it is possible to calculate the fuel savings
companies can achieve by implementing autonomous vehicles.

In today’s transporting industry, a common way of estimating fuels costs is one third of the
total transportation cost (Behrends, 2016; Olsson, 2015).

Using the earlier stated estimation of fuels costs of 622 000 SEK per year, a company could
thus save between 62 200 SEK to 248 700 SEK annually per truck if fitted with autono-
mous capabilities, when using the 10-40% presented by McKinsey (2013). This cost saving
is highly dependent on the price of fuel, road conditions, and to which degree the vehicles
drive on highways where platooning may be used. As a comparison, if autonomous vehi-
cles would be implemented at Rosenlunds Akeri or GDL, they would save between 32 300
SEK and 116 800 SEK per truck and year, depending on LOA and usage.

53.2 Labour

Labour is expensive and correlates to one third of the total transportation cost (Behrends,
2016). And without any extra insurances, compensations, or bonuses, employers pay an av-
erage 382 700 SEK to employ one truck driver per year.

By implementing a level 4 autonomous vehicle the company would not achieve any major
cost benefits since a truck driver is still needed to be present in the vehicle for the majority
of the transport. The only benefit for a level 4 vehicle could be that the driver could take
breaks or have lunch while driving on the highway, thus increasing the vehicle utilization in
a small scale. This is also mentioned by Tesla in the vehicle utilization section 4.3.4.

However, by implementing a level 5 autonomous vehicle the labour cost savings would be
immense. As stated in the frame of reference, a vehicle with level 5 capabilities will be able
to drive by itself without a driver, thus eliminating the need for a truck driver. The only la-
bour needed would be terminal workers loading and unloading the vehicle and some kind
of administration managing the transports from a control tower.

The labour cost is also very much connected to the last mile problem. While autonomous
vehicles may be able to transport goods automatically between A and B, there is still the
matter of getting the goods to the final destination. Hence, there is still a need for someone
to transport the goods to the receiver. This someone could either be a bicycle courier, mail
man, or a concierge.

Moreover, while labour is often bound to certain working hours, autonomous vehicles are
not. It is still possible to hire labour to drive during night times but most often the employ-
er has to pay compensation fees. This nightly fee and per diem fees can add up to great
sums. An autonomous vehicle is not bound to any working hours, does not require any ad-
ditional fees and can for way longer than a human. Therefore, autonomous vehicles can
have great benefits for transports during night times. The only labour required would be an
administrator that can manage up to ten trucks simultaneously.
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5.3.3 Insurance and safety

As autonomous vehicles will not make human errors while driving, approximately 90% of
all traffic accidents will not occur when the 100% of all vehicle are autonomous. This will
cause a dramatic change in the insurance industry.

Regarding the costs of insurance and safety, they can be divided into direct and indirect
cost. The direct cost affects the insurance taker as they need to pay for insurance and any
potential accidents. The indirect cost is rather a cost for the society, caused by accidents in-
juring people.

As mentioned earlier, an implementation of autonomous vehicle will increase the safety on
the roads and eliminate the risk of human errors which is the major underlying reason to
traffic accidents. This will have a direct impact on the insurance costs. The cost of insur-
ance premiums will be reduced and thus enable cost savings. The indirect cost will be re-
duced by implementing autonomous vehicles as well. The major indirect costs that will see
a change in the future are aid needed in connection to accidents, cost for damaged goods,
and loss of capacity.

It is difficult to calculate the potential direct cost savings of insurances since the price for
insurances varies a lot. Prices vary depending on many factors such as coverage, compre-
hensiveness, and deductibles. Dexheimer (2015) argues that insurances will be 60% cheaper
by 2030, but show no numbers to prove the argument. Therefore, this thesis uses the Met-
ro Mile (2015) estimation instead. The insurance company states that an autonomous truck
is 8200 SEK cheaper to insure, compared with a normal truck.

Lastly, the indirect cost savings that applies on the society will not be included in the final
result. Though it is important to highlight this cost since it show a great side effect of au-
tonomous vehicles. If the logistics industry were to implement autonomous vehicles, the
society could thus save upwards of 300 million SEK per year (SCB, 2016). However, it is
important to know that these costs are indirectly beneficial for the society, and will not af-
fect businesses significantly.

5.3.4 Vehicle utilization

As most transportation companies only make money while they are actually moving goods,
it is crucial for them to keep the trucks running with as high fill rate as possible. This
means that for every minute a truck is standing still, whether it is for lunch break or over-
night rest, the truck is not making any money. It is seen as an investment that does not
generate any income while stationary. So in order to achieve the highest profit possible, the
vehicle would theoretically be moving around the clock with high fill rate. However, this is
not possible since loading, unloading and breaks take up lot of time, causing stationary
downtime for the vehicle.

To improve the vehicle, utilization many companies use several drivers to drive around the
clock in shifts. But using several drivers working full-time is very costly and might not be
worth the extra expenses. But if those extra drivers would be replaced by automation, an
autonomous vehicle could theoretically drive for many hours without having breaks or
stopping for night time.

As earlier stated, it would be possible to increase the vehicle utilization by level 4 vehicles.
But these savings will not generate any substantial impact. On the other hand, if the indus-
try were to adapt autonomous vehicles of level 5 capabilities, the vehicle utilization could
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enable big opportunities for companies to further gain competitive advantages by near-
100% utilization. This would allow truck transportation without any driver present in the
vehicle, but rather with administration staff monitoring the vehicle from a central location.

As the terminal workers finish loading the truck, a message is sent to the control tower to
give green light for departure. The vehicle automatically calculates the best route and drives
to the unloading location. Regardless of distance and time, the vehicle automatically drives
without stopping, as long as within range of the vehicle. If the driving distance exceeds the
range of the vehicle, the administrators plan a fuel stop at a manned truck stop along the
route.

As autonomous vehicle can drive at any time of the day, without any additional fees or la-
bour costs except from administration staff, long distance transports can take place during
night-time when roads are less congested. Additionally, as vehicle utilization increases and
operation times extends, job opportunities are created in logistics terminals and other ex-
ternal services working together with the autonomous vehicles.

However, a major negative aspect of autonomous vehicles is the removal of job opportuni-
ties for truck drivers, especially in the long haul sector. Many people may lose their jobs or
are required to move when logistics companies reallocate their resources to focus on last
mile logistics.

Furthermore, due to increased vehicle utilization, there will be less need for more trucks to
raise capacity. When a company reaches their maximum capacity, it would be possible to
install autonomous capabilities to trucks rather than purchasing additional trucks to create a
bigger fleet. It is reasonable to assume that an autonomous vehicle would have the same
degree of utilization as two non-autonomous trucks due to the doubled utilization. But
since no company have come this far, it is impossible to foresee how big of an impact the
autonomous vehicles will have regarding the vehicle utilization. It might even be justified to
sell a truck to find money for converting the rest of the vehicles.

54 How do these costs impact the Swedish logistics market
seen from a cost perspective?

To answer the third and final research question there are many things that need to be taken
into consideration to create the most accurate estimation. First of all, the implementation
rate of autonomous trucks needs to be estimated. Ford claims to have their first autono-
mous vehicle with a LOA 4 on the market by 2020 (Butler, 2016). Additionally, Volvo will
introduce 100 autonomous vehicles in Gothenburg in 2017 with the “Drive me” project;
these cars have LOA 4 (Volvo, 2016). This proves that autonomous vehicles are currently
at a developing stage and will reach the market in 2020. These findings, along with litera-
ture and professionals’ insight, have been extrapolated to form the following market pene-
tration prognosis. Table 11 shows the percentage of trucks, within the Swedish logistics
sector, that is estimated to be either LOA 4 or LOA 5.

Table 11: Market penetration prognosis

Year 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

LOA4 1% 2% 4% 7% 11% 15% 20% 26% 33% 37% 38%

LOAS5 0% 4% 7% 8%  12% 16%  25%
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As shown, autonomous trucks with LOA 4 will be introduced year 2020 and trucks with
LOA 5 are estimated to be implemented year 2025. At the later stages of the time scope,
the amount of LOA 4 trucks will start to stagnate. This can be explained by the increasing
number of LOA 5 that is expected to be a more natural choice and basically follows the
product life cycle that explain why products get outdated when new more innovative and
better products reach the market. This is shown in Figure 9.

Autonomous vehicle forecast
40%
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Figure 9: Autonomous vehicle forecast

Now that the implementation rate is set, it is compared to the Swedish market to show the
estimated number of automated vehicles for every year. These numbers are shown in the
appendixes, 8.2.2. It is important to mention that this table only shows the aggregate
amount of autonomous trucks within the Swedish logistics industry. This mean that the
implementation cost for 2021 cannot be calculated with 760 trucks. Instead 760 minus 380
(last year’s amount of autonomous trucks) shows the number of newly registered autono-
mous vehicles in 2021, which is estimated to be 380 units. The aggregate table is thus only
used to calculate each year’s cost saving. The table of numbers of newly registered auton-
omous vehicles can be found in the appendixes, section 8.2.3.

In order to answer research question one, tables 8.2.1 and 8.2.3 need to be multiplied. This
will provide the total implementation cost per year, based on the market penetration prog-
nosis. The results of these calculations are shown in the appendixes, 8.2.4. As seen, the dif-
ferent LOAs have been divided, but the same cost applies since the technology itself is the
same no matter if it is LOA 4 or 5. The main aspect that differs between LOA 4 and 5 is
the software, not the hardware. The total cost to implement the estimated number of au-
tonomous vehicles over a 10-year period is thus 1 309 636 636 SEK.

To analyse and see if this implementation is worth investing in, the gained benefits needs to
be calculated. Once the numbers are compared, it is possible to see if the implementation is
motivated and further if and when it could generate a competitive advantage.

In the following sections, each potential area of cost saving will be calculated for one truck.
These potential cost savings will later be applied on the number of autonomous truck esti-
mated to be in use in each year between 2020-2030. The total potential cost savings will lat-
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er on, in the final part of this chapter, be compared to the total implementation cost to see
if an implementation is justified.

541 Fuel

As mentioned earlier, the annual fuel cost for one truck is 622 000 SEK. It is though im-
portant that this number may vary a lot since there the consumption is highly dependable
on the road conditions and the continuously changing price for fuel. The authors still justi-
ty the estimation as trustworthy enough to use in further calculations.

According to AXA (2015) and McKinsey (2013) an autonomous truck could reduce the
fuel consumption by 10-40%. This is further supported by Alam (2014) and Bullis (2011)
that estimate the potential cost savings to 20-25%. 10-40% correlates to an annual savings
of 62 200 SEK to 248 700 SEK. It is estimated that a LOA 4 vehicle can easily gain 10%
reduced costs while a LOA 5 can achieve upwards of 40%. How much a LOA 5 vehicle
can save is heavily dependent on the road conditions and how the vehicle is used. There-
fore, the average fuel savings used for a LOA 5 vehicle is 25%, or 155 500 SEK.

The complete results can be found in the appendixes, 8.2.5. The second and third rows are
cost savings per vehicle while the fourth and fifth rows are aggregated cost savings for the
entire fleet of autonomous vehicles in the Swedish logistics industry. As seen, the total cost
savings are calculated to be 8 836 616 558 SEK over the ten-year period.

542 Labour

Regarding the cost savings calculations for labour, it is important to clarify the prerequi-
sites. As mentioned earlier the average cost for one truck driver is today 382 700 SEK per
year. In this study the cost savings will first appear when the truck has a LOA 5, when
there is no need of a driver. Practically, this does not work since an autonomous truck may
not be able to handle the last mile problem and other issues that appear close to the end
destinations. This is according to McKinsey (2013), assumed that half of the autonomous
trucks would still need drivers to solve the last mile problem

Moreover, to be able to use autonomous trucks and monitor them, there will be an esti-
mated need for one or two administrators for every 10 trucks which further reduce the cost
by around 80-90% assumed that there is no need for a human driver. (One can argue that
administrators may require higher salary compared to a truck driver, but since there is no
data supporting this statement, they are regarded as one and the same). The summary of
these calculations are to be found in the appendixes, section 8.2.06.

As seen, LOA 4 trucks are excluded since they do not provide any substantial benefit, and
only 50 % of the vehicles are seen as eligible, due to the last mile problem. The number of
eligible vehicles is then reduced by 85% to show the number of administrators needed. The
number of administrators is then multiplied with the salary and then compared with the
scenario where one truck equals one driver. Results show a total cost savings of 4 450 0356
000 SEK for the entire time scope.

5.4.3 Insurance and safety

As earlier mentioned, cost for insurance will be approximately 8200 SEK cheaper when us-
ing an autonomous vehicle. Others have stated it to be upwards of 30 000 SEK. This also
depending on the LOA and how the vehicles are used. But since both LOA 4 and 5 sup-
ports autonomous driving, the same cost savings are used for both. Even though it is rea-
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sonable to believe that cost savings may be greater in a LOA 5 vehicle, there are currently
no facts that supports this statement.

So with an annual cost saving of 8200 SEK for each truck the authors have multiplied this
number with the total amount of autonomous trucks on the market for each year, which is
further shown in the appendixes, 8.2.7. As seen in the table, the total cost savings between
2020 and 2030 with Metro Miles’ estimations are approximately 828 856 000 SEK.

544 Vehicle Utilization

The last cost saving that will be included is the cost for vehicle utilization. This cost is as
earlier described not an actual cost, rather a missed opportunity of further incomes that
appear when a truck is not used to any value adding activities. To maintain objectivity, the
thesis chose to use the 21% increased utilization rate (Parreira, 2013) since it is based in re-
search rather than professionals’ estimations.

Since the increased vehicle utilization depends of autonomous trucks are driven without
any human driver, LOA 4 will be excluded from the calculations. Regarding the cost sav-
ings of vehicle utilization there are two ways the savings can be affected. First aspect is by
being able to use the truck in a more efficient way, thus increasing income. The other as-
pect is more short term, by not having to invest in new trucks due to increased utilization.
This will postpone the need for investment. However, since it is not really possible to esti-
mate the second aspect, only the first one is calculated.

The cost of operating a truck in the logistics industry in Sweden cost 8,5 SEK per kilome-
ter. This equivalent to an annual cost of 1 290 000 SEK. Added to that is the estimated
99 400 SEK profit, and a revenue of 1 389 400 SEK is given, showing a markup of approx-
imately 7,7%.

The cost savings are calculated by comparing the generated profit per year, before and after
an implementation of LOA 5. Since a normal vehicle generates 99 400 SEK per year, an
autonomous vehicle should generate an estimated 120 000 SEK. This new profit translates
to a markup of approximately 9,3%. The profit is then multiplied with the number of LOA
5 trucks, as seen in the table in the appendixes, 8.2.8. The table also shows the total cost
savings, 571 112 640 SEK.

5.5 Rosenlunds Akeri

It is clear that Rosenlunds Akeri would decrease their costs on the long term by imple-
menting autonomous vehicles. It is still very important to consider implementations differ-
ent aspects and not only focus on the potential cost savings. First of all, the company
should start an investigation if it is even possible, due to the initial investment, and also try
to estimate the amount of resources necessary to implement autonomous vehicles. A small
size company in a relatively small city are most likely going to struggle with an implementa-
tion of autonomous vehicles. The geographical area where Rosenlunds Akeri operates in
does not have any high density of expertise when it comes to autonomous vehicles and
therefore external resources and professionals are probably required during the implemen-
tation phase. In turn, this will lead to higher implementation costs in terms of external con-
sultants, costs of new equipment etc.

Another aspect that is highly relevant is if Rosenlunds Akeri existence is dependent on de-
velopments or if the current business operations is working well. This can refer to many
different things, such as if the economical situations would allow an implementation or if
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the company is in need of higher margins and an increasing income to survive in the future.
As earlier stated in this paper, autonomous vehicles is most likely going to revolutionize the
logistics industry in the future and most companies will have to adapt to autonomous vehi-
cles. Therefore it is an important decision to make if you want to be an early adopter or
first see how it works for other companies before you implement it yourself. Considering it
is a substantial initial investment both seen to the company’s cash flow and time, a relative-
ly small company as Rosenlunds Akeri should instead consider to implement autonomous
vehicles first after they been proven efficient and an established way of doing business
within the logistics industry. This in turn would leave a room of opportunity for competi-
tors of different sizes to act before them and potentially take market shares from Rosen-
lunds Akeri.

56 GDL

When it comes to GDL which is a nation-wide transportation firm within Sweden they will
more likely be able to implement autonomous vehicles at an earlier stage, compared to
Rosenlunds Akeri. Not only because of their market position which most likely put more
pressure on them to stay competitive and future oriented, but also because of the geo-
graphical area they are operational in. Being a nation-wide actor do also mean that your
competitive environment is different and often competing with many national and interna-
tional transportation firms. From this point of view, an implementation of autonomous
vehicles would be more important for GDL than Rosenlunds Akeri.

Another important factor for GDL that needs to be considered is their future coverage.
Even though they are a national firm, the main offices are located in Stockholm, Gothen-
burg and Helsingborg. If further expansions are planned either within Sweden or abroad,
these needs to be considered in relation to an implementation of autonomous vehicles. Is
the expansion more important than an implementation of autonomous vehicles or will they
be carried out simultaneously? What would be the new areas of expansion and would they
be in favor of autonomous vehicles?

Moreover the same issues that applies to Rosenlunds Akeri applies to GDL as well when it
comes to implementing autonomous vehicles. Is the financial situation stable enough to in-
vest into the technology and is the surrounding infrastructure ready for the technology?
Additional investments in the companies’ immediate environment may be required which
might hinder the future investments and development.

GDL will need to undertake a long and comprehensive investigation whether to proceed
with the future idea of being the early adopter to invest in autonomous vehicles or rather
try to remain profitable with today’s technology.

57 Summary of analysis

In order to investigate if the implementation of autonomous vehicles within the logistics
industry provides any competitive advantages, the formula eatlier presented in Equation 1
is used.

The identified implementation costs and cost savings for each year provides the data need-
ed to see if and when a competitive advantage will be reached. The kind of competitive ad-
vantage that will be gained is discussable. At the same time as the cost for the technology
will decrease the willingness to pay will most likely increase throughout the years, due to a
greater acceptance of autonomous vehicles. Since this study undertake a cost perspective
and the data provided is focused on costs rather than increasing the willingness to pay
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among customers the potential competitive advantage will more likely have cost leadership
characteristics than differentiation.

When it comes to the three different dimensions of cost leadership earlier described in the
frame of reference, an implementation of autonomous vehicles fulfils the criteria for all
dimensions. Hence, no specific dimension applies. The high asset utilization is fulfilled by
the increased utilization rate gained by autonomous vehicles. The dimension related to low
direct and indirect operating costs are realized by the decreased costs in fuel, labour and in-
surances. Finally, the last dimension that aims towards gaining more control over the value
chain is applied to autonomous vehicles, since they provide a leaner and flexible value
chain and at the same time it will be easier to monitor and control the transportation opera-
tions.

As stated, the implementation of autonomous vehicles will lead to a cost leadership strategy
rather than differentiation, if competitive advantages are reached. Because of this, the cal-
culations will only consider the cost leadership, which is price minus cost. The price in this
case will be the cost savings that have been identified for each year. These numbers are
subtracted by each years’ implementation costs in order to see the final result. This means
that as long as the result is positive, it is worth investing in, and competitive advantage has
been gained from a cost leadership perspective.

As Table 12 states, a competitive advantage from a cost leadership perspective will be
gained already at year 2021, when the estimated profit will be almost 22 million SEK. This
further strengthen the motives for implementing autonomous vehicles. Especially as men-
tioned eatlier, the acceptance of the technology will most likely increase throughout the
years and thus increase the willingness to buy among customers which further motivate an
ongoing implementation.

Moreover, these results are supported by the empirical data and calculations for Rosen-
lunds Akeri and GDL. A similar table can be found in the appendixes, section 8.2.10. The
table shows how Rosenlunds Akeri would benefit by implementing autonomous vehicles
by 2021. The major differences from the whole Swedish logistics industry, is that Rosen-
lunds Akeri’s vehicles does not drive as much as the average truck does. Hence, the fuel
cost savings are slightly lowered, but not to any significant levels. It is still very profitable to
implement autonomous vehicles, providing a 634 % ROI for Rosenlunds Akeri between
2020 and 2030. But as mentioned eatlier, even if it would be profitable their current situa-
tion and their environment might not be ready for it yet. Compared with Rosenlunds
Akeri, GDL is more likely to find it appropriate to implement autonomous vehicles at an
earlier stage. It is not only shown profitable, but their coverage includes the two largest cit-
ies in Sweden and will most likely be the two areas where autonomous vehicles will be im-
plemented at first.

As seen in Table 12, the final results of the implementation have been calculated. From a
financial perspective the results are clear. The Swedish logistics industry will save an esti-
mated 13,4 Billion SEK by implementing autonomous vehicles according to this thesis’
implementation rate. This would this give a ROI of 1021 % over ten years.

With this table, the third and final research question has been answered. Hence, the pur-
pose of this thesis has also been fulfilled.

51



Table 12: Final Results

Final Result

Implementation costs 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 Sum
Cost LOA 4 (KSEK) 33476 1 31604 59 464 83580 ! 103952 96 464 111 220 122231 | 129499 66 511 14 756 852 757
Cost LOA 5 (KSEK) 0 0 0 0 0 96 464 66 732 20372 73999 66511 0 132802 456 880
Total 33476 21604 59 464 83580 ! 103952 | 1929283 177 951 142603 | 203498 | 133022 147558 1309 637
Savings

Fuel (KSEK) 23627 47255 94509 165391 259900 ' 590683 826024 1086857 1488521 1819303 2374545 8836617
Labour (KSEK) 0 0 0 0 0 247224 432 642 494448 | 741673 | 988897 | 1545151 4450036
Insurance (KSEK) 3116 6232 12 464 21812 34 276 59 204 84 132 105944 © 140220 | 165148 196 308 828 856
Utilization (KSEK) 0 0 0 0 0 31728 55 525 63 457 95185 126914 | 198303 571113
Total 26743 53487 @ 106973 ¢ 187203 294176 928840 : 1458324 1750706 | 2465599 3100262 4314308 @ 14686621
Resulting Value (KSEK) -6733 21883 47509 103623 190225 735912 | 1280372 1608103 1 2262101 2967240 4166750 | 13376984
ROI (%) -20% 69% 80% 124% 183% 381% 720% 1128% 1112% 2231% 2824% 1021%
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6 Discussion

In this chapter the authors will present the discussion of this thesis. Personal opinions related to the subject
as well as the implications and practical contributions will be introduced. Furthermore, the methods used to
gather data together with the methodological approach will be discussed.

6.1 Contributions & Implications

According to the result and analysis, it is clear that an implementation of autonomous vehi-
cles would lead to major cost savings in the logistics industry, as well as for the society.
However, a problem today is that acceptance and laws does not fully support autonomous
vehicles of LOAS5 5. Though, it is within reach and is estimated to see the market in 2020.

As earlier mentioned in the analysis, the implementation cost of 2020 exceeds the cost sav-
ings, and therefore it might be difficult to convince logistics companies to implement au-
tonomous vehicles at that time. Still, the authors think that the eatlier autonomous vehicles
are implemented, the faster improvements can be made. This will make it easier to identify
problematic areas when they are used in reality. This may also lead to even faster decreasing
costs of the technology and further increase the implementation rate. A faster implementa-
tion rate would lead to greater benefits for the logistics industry as well as the society.

The costs involved in this thesis might shift over time. For example, there will most likely
be improvements in fuel efficiency, which will lower consumption and the fuel cost. On
the other hand, the cost savings from autonomous vehicles will higher than the cost sav-
ings from more fuel efficient vehicles.

The increased vehicle utilization of 21%, is according to the authors very low. Compared to
the data from Rosenlunds Akeri, where a driver spends approximately seven hours in the
truck per day, a LOA 5 truck could increase the vehicle utilization by at least 100% seen to
the current state. Even if the utilization is doubled, there will still be ten hours left for op-
erations such as loading or unloading goods.

Concerning the actual development and implementation of autonomous vehicles, it is not
the logistics industry that are developing. It is rather companies within the automotive in-
dustry. To be able to implement autonomous vehicles, both within the society, but more
importantly the logistics industry, the technology need improvements as well as redefined
regulations and laws. The companies involved in the development of autonomous vehicles
are the ones that need to push the technology. They also need to convince society and the
logistics industry that autonomous vehicles are beneficial, compared to the current scenar-
io.

Additionally, close collaboration between governments and automotive industry is neces-
sary in order to enable the full usage of autonomous vehicles and their benefits. Most likely,
the automotive industry needs to take initiative and first enable autonomous vehicles to in
line with laws. When this has been done, they technology can be shifted towards the logis-
tics industry.

This should be done as soon as possible once regulations allow it, since there is a great in-
terest for autonomous vehicles among many global logistics companies. It is also worth
mentioning that those will probably be the first one to adopt to autonomous vehicles, ra-
ther than small independent companies. This is because the early adopters will most likely
struggle with autonomous vehicles since the industry and society have not accepted the
new technology. This may cause some operations to become problematic and even ineffi-
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cient. However, this is arguably just the first few years, and as soon as the industry has be-
come acquainted with the technology, the problems should disappear. Furthermore, since
an implementation of autonomous vehicles is costly, especially in an early stage, the first
companies to adopt are those who are financially strong.

When it comes to the benefits of implementing autonomous vehicles, it is clear that big
cost savings are to be realized, both for the logistics industry as well as the society. The lo-
gistics industry will be able to reduce their operating costs immediately and the payback
time will be short in relation to other major investments. This will allow the logistics indus-
try and the companies using autonomous vehicle to gain a competitive advantage by their
reduced operating costs. A reduced operating cost will allow them to lower their price for
their customers and therefore be considered as a more attractive choice, assumed they keep
the same quality. The quality will most likely be the same if not even improved, since the
increased vehicle utilization will enable shorter lead times, and autonomous vehicles are less
likely to be involved in accidents. The reduced number of accidents is also major societal
benefit since it will allow the society to save roughly 300 million SEK a year. This is money
that could be spent on far better things to increase the social welfare. For example, these
300 million SEK almost cover the cost that the Swedish government set aside to increase
export among businesses in Sweden (Regeringen, 2010).

As long as the industry and society accepts autonomous vehicles, the authors believe solu-
tions for other problems such as the last mile problem can be solved. DHL is already re-
searching different ways to handle this problem if an implementation of autonomous vehi-
cles would take place, such as the DHL packstations in Germany (DHL, 2013).

Concerning the last mile problem, the authors, as well as many other organizations and
professionals suggest, the best solution would be to change the mindset of how transporta-
tion is carried out today. Instead of getting parcels and packages delivered to the doors,
they could instead be delivered to a hub that is located strategically. From this hub the re-
ceivers can pick up their parcels.

By using autonomous vehicles and deliver the goods to hubs or service points, rather than
to each final customer, the freight cost can also be reduced. This could be seen as enough
motivation to pick up the goods at a hub or service point rather then get it delivered to the
door. This could to some extent work within the B2B sector as well. Though the authors
believe that it will be easier to handle the last mile problem when it comes to B2B rather
than B2C. This is due to that many businesses have well functional infrastructure in their
facilities and are often located in strategic places such as the outskirts of cities rather than
in the heavy trafficked central areas.

Unfortunately, ethical issues will arise when implementing LOA 5 autonomous vehicles. A
lot of truck drivers in the long haul sector will lose their jobs or be reallocated. Other busi-
nesses that might get affected is traffic schools (especially those focusing on trucks) since
the will most likely be no need for a driving license when all vehicles are fully autonomous.
On the other hand, autonomous vehicle will create a lot of job opportunities as well, but
these jobs may require higher educational levels than required for truck drivers. This is an
ethical issue that both the industry and the society need to consider, whether or not it is
ethically correct to reduce the number of jobs offered. Because of this issue, actors must be
very careful and take everything into considerations when this transition process will be
rolled out.
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Finally, going back to the main topic of this study, the cost perspective. Cost savings will
increase as more and more autonomous vehicles get implemented. The more autonomous
vehicles there are in use, the more effective the logistical flow will become, since vehicles
are able to communicate with each other, thus leading to a better vehicle utilization and
more efficient fuel consumption. With this said, the authors argue that an implementation
of autonomous vehicles within the logistics industry in Sweden should be highly useful
both for the industry itself but also the society. As soon as the technology is ready to use,
there should be incentives from both the government, automotive- and the logistics indus-
try to implement autonomous vehicles. If this is performed by a close and highly integrated
collaboration, costs can be saved and social welfare increased.

6.2 Limitations

As there is always a risk of things being unclear and this study may be criticized, the au-
thors will respond to the critique by explaining the content, the methods and approaches
used. This part will consist of a discussion of what was done correct and what could have
been done better.

6.2.1 Content limitations

One limitation in this study is the scope of what costs that are included. One can argue that
more costs should have been taken into consideration, both seen to the implementation
cost and the cost savings. Because of the time scope these costs were the only one that the
authors could investigate to the extent where they could fulfill the trustworthiness. The
costs used within this study are also the ones that are the most important ones according to
data gathered.

Additional costs could have been taken into considerations to form a more comprehensive
study. Possibly, other direct costs could have been included, such as installing the autono-
mous hardware in a vehicle. Additionally, indirect costs would maybe have been suitable,
but since the study is future oriented it would become even more difficult to predict these
costs in a future scenario.

Other costs that could not be included because of the strict time frame, were potential tax-
es and subventions towards autonomous vehicles. The authors believe, that in the future,
autonomous vehicles should be tax subsidized in order to motivate an implementation of
them and thus, benefit the society.

Because of the fact that the topic of this study is future oriented much data is based on
professional estimations. This data might be proven to be either wrong or correct in the fu-
ture but the authors have tried to minimize the amount of estimations. Though, through-
out the study, estimations are based on data gathered or through mathematical calculations
in order to decrease the risk of errors and to have a scientific foundation.

Another limitation is how the curve of the decreasing cost of the technology between 2020
and 2030 that is presented in this study. The authors would say that the cost decrease of
new technology is most likely lower in the first few years, and by time it lowers exponen-
tially, as shown in scenario 1&2 in the appendixes, section 8.1.3. But as the study made by
the Santa Fe Institute showed, this is not the actual case. That is why a linear cost reduction
curve was chosen for this thesis. This does not necessarily mean that the technology of au-
tonomous vehicles will be linear. Even if the cost reduction over time might turn out dif-
ferent than the one used in this study, it is still reasonable to use that one, since it is most
likely.
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Regarding the studied area, the geographical spread only includes Sweden and its logistics
industry. It is important to mention that the result might be different if applied on logistics
industries in other countries since they all are in different stages seen to its maturity and the
development. Therefore, the same results may not be reached if the study would be applied
to another country. This also applies to the costs investigated, as these might differ. For ex-
ample, the average salary for a truck driver or taxation may not be the same as in Sweden.
However, the same calculations can be used anywhere since the same costs appear no mat-
ter if it is Sweden or any other country implementing autonomous vehicles.

6.2.2 Methodology limitations

In order to create a clear structure and a plan to complete the study in time and at the same
time reach the best and most realistic result, a time plan was set. It was established to facili-
tate the work process in order to keep up with the deadlines and make sure that the right
topics and areas were investigated.

As abduction was used as the main approach, literature studies were conducted at the same
time as empirical data was gathered. These were later compared with each other by pattern
matching. The study started with a basic information that was gathered through literature
and document studies.

6.2.3 Data Collection

In the following part, there will be a discussion regarding the data collection methods. This
is made to clarify why the methods used were chosen in comparison to others and by that
answer any potential critique

6.2.3.1 Literature Studies

The literature studies have been an iterative process throughout the whole study. The rea-
son to use literature studies was because of the future oriented topic, which both made it
very interesting but also a bit difficult in order to find relevant literature. Because of the
limited amount of literature regarding autonomous vehicles the authors constantly needed
to make sure that the literature studied and used were trustworthy and credible. It was also
clear that some areas have had more extensive research than others.

Even though the authors had access to many different search engines and databases, it was
complicated to find relevant data regarding autonomous trucks. Therefore, the data extrap-
olated from literature was sometimes useful while some parts was not used at all. Data
gathered through literature studies was later evaluated and analyzed by pattern matching to
ensure a level of trustworthiness.

6.2.3.2 Document studies

The document studies that have been conducted in order to collect relevant information
mainly derives from companies, either directly involved within the automotive industry or
bigger consultancy firms that made estimations of the potential of autonomous vehicles.
Documents regarding autonomous vehicles were one of the first sources of information
the authors stumbled upon, which later formed the topic of this study. As well as with the
literature studies, the document studies have been an ongoing process throughout the
whole study. The authors further believe that the data gathered through document studies
are among the most reliable as they are up to date compared to many other sources.
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The data collected through document studies has been read with an objective perspective
and later analyzed with each other, in order to find a pattern. The analyzed data has been
compared to other sources in order to find relevant, credible and trustworthy information.

6.2.3.3 Interviews

In order to gather data connected to research question one and two, interviews were made.
They were conducted to primarily gather qualitative data. Additionally, the interviewees
were given the opportunity to remain anonymous, even if no one chose to. A semi-
structured method was preferred. However, one interview was used with a structured ap-
proach. Depending on the answers from the respondents, further questions were given in
order to collect additional information. This method allowed the respondents to provide
wider and more general answers, compared to if a structured approach would have been
undertaken (Yin, 2011).

The interviews involved represents from the automotive industry, transportation industry
as well as the academic world, and therefore covered the most necessary areas in this study.
Since some of the respondents were geographically dispersed the interviews were some-
times made by phone. The authors are aware that phone interviews are not the best meth-
od for data gathering, but they did provide the data necessary. Therefore, these sources are
considered as credible.

As stated eatrlier, the interviews were recorded and later transcribed in order to sort out the
information needed. Some questions were used in all interviews, which allowed the authors
to analyze and verify the answers to find a pattern in comparison to the theory.

To categorize the data, thematic analysis was used. According to Boyatzis (1998), it is a
good way of encoding qualitative data. It allowed the authors to review the data, make
notes and later categorize it. The authors categorized words or phrases that later were
served as labels for different sections of data. It further enabled a closer connection to the
data that allowed deeper analysis of the content (Boyatzis, 1998).

6.2.4 Data analysis

The data collected through the different methods used has been analyzed in different ways
depending on if they are of quantitative or qualitative characteristics. As mentioned in the
method chapter the quantitative data collected through literature and document studies
have been categorized either by being numerical or categorical.

The qualitative data gathered was instead analyzed by the help of pattern matching and
thematic analysis. This meant that authors could compare different theories with data, in
order to find a pattern and see if the theories were adequate. According to the authors, this
is a sufficient method of analyzing data.

6.2.5 Trustworthiness

As this study consists of both quantitative and qualitative data, trustworthiness needs to be
considered. The work process that was set in the beginning and later used, allowed the au-
thors to keep high level of trustworthiness throughout the entire study. The work process
assured that the right things were done at the right time accordingly to the research strate-

gy.

Since several methods and sources of data were used, the reliability and validity were
strengthened and thus good in this study. The data gathered through different methods was
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analyzed and compared with each other, which further strengthens the reliability and validi-
ty. Because the topic of this study is future oriented, some of the data was based on estima-
tions and thus decreases the reliability since the estimations will most likely change
throughout time. Furthermore, the internal validity of this study is reached by the pattern
matching that was used in order to analyze empirical data and how it was related to the
theory used. The external validity of this study is seemingly strong if applied in different lo-
gistics industries, and can be used in different geographical areas. However, the external va-
lidity is decreased since this study cannot be applied in different industries other than the
logistics one.

The generalizability is closely connected to the external validity and as mentioned can be
regarded as relatively weak. This is because the study cannot be applied to any other indus-
tries than the logistics industry. However, geographical generalizability is slightly better as
the results can be transferred to any region. Additionally, as there is a clear relation to exist-
ing theory, the generalizability is also improved. Since the study was conducted in a rela-
tively unexplored area, generalizability is negatively affected.

In order to create a high credibility, data has been gathered both from the academic and
business world. This data has been analyzed and compared with existing theory to ensure
congruity. Since credibility is mainly built on reducing the possibility of getting the wrong
results, credibility is affected negatively by the estimations used to define future costs.

As stated in the method chapter, the transferability is improved by the fact that the authors
have clearly described their work process, methodology, theories and data collection meth-
ods used. It is though important to note that since the study undertake a cost perspective
related to Sweden, the calculations may be replicated in other areas under other conditions
but the findings may not, since the costs involved will most likely differ in other geograph-
ical areas.

6.3 Further Studies

Throughout this study, it became clear that there are areas that need further investigation.
Even if the major direct costs connected to transportation have been investigated, a study
of other costs could have provided a different result.

There are also other areas that would add value to this study. Areas that would be indirectly
affected by autonomous vehicles could have been investigated in order to create a more
comprehensive decision support, if it was not for the time limitation. If an implementation
of autonomous vehicles would take place it would most likely impact many supply chains
and operations involved in these. There is no discussion made on how the structure of
supply chains can be changed, or impacted by an implementation, nor how the relationship
between different actors involved would get affected.

Today, many transportations within the Swedish logistics industry goes either to or from
destinations in Europe. Together with other countries’ logistics industries they form a
transportation network in Europe. Because of the international characteristics of today’s
the logistics industry, there might be difficulties to implement autonomous vehicles on only
national basis. Legislation in Europe needs to be congruent and this is something that has
not been investigated in this paper.

Another aspect that needs further consideration seen to a safety aspect is the security man-
agement and processing of data and information. In order to enable an implementation of
autonomous vehicles, manufacturers must ensure that information stays confidential and
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more importantly, ensure that the vehicle cannot be hacked. There are cases where auton-
omous vehicles have been hacked and the hackers have been able to control the vehicles
brakes and engine. From a safety and security perspective this area must be further re-
searched to make an implementation of autonomous vehicles realistic (KPMG, 2015c).

Finally, the futuristic perspectives of this study are based on current data. It would be very
interesting to come back to this study in the future, or even increase the time span beyond
2030. How different will the logistics industry be in 20507

6.4 Conclusion

The conclusions drawn from this study clearly shows that implementing autonomous vehi-
cles within the Swedish logistics industry is highly encouraged. By using autonomous vehi-
cles, the Swedish logistics industry can reduce total costs by approximately 13,4 billion
SEK, equivalent to a ROI of more than 1000% in a ten-year period. The cost savings is on-
ly one motivating factor among many others, such as the increased safety.

However, the authors of this study stress that the implementation of the autonomous vehi-
cles might not be possible today, but should be taken in consideration as soon as possible.
The faster the implementation of autonomous vehicles take place; the faster improvements
will be made. It is extremely important that the movement towards using autonomous ve-
hicles is completed in a highly-integrated collaboration between the government and the
automotive industry itself, because the biggest issue today is the legislations of the vehicles.
An implementation could also lead to ethical issues, such as reduced job opportunities for
the trucking industry, but these jobs could instead be replaced by administrative jobs and
jobs in other sectors. Even though the technology is well developed there are issues that
need to be addressed in order to prevent unwelcome consequences.

Finally, the Swedish logistics industry would indeed benefit from an implementation of au-
tonomous trucks. The authors of this study believe that there is no doubt that it would save
a lot of money and increase the competitiveness among parties involved in the logistics in-
dustry. It will not only benefit the Swedish logistics industry but also the society as a whole.
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8 Appendixes

8.1 Calculations

8.1.1 Calculation to estimate the cost of components by 2030.

2020 cost estimation of components: 102 470 SEK

1—-0.44 =0.56 = 56%
102470 * 0.44 = 45 087
2030 cost estimation of components: 45 087 SEK
8.1.2 Calculation to estimate the cost reduction per year
2020 cost estimation: 88 095 SEK
2030 cost estimation: 38 831 SEK

88095 — 38831 = 49 264

49 264
10

= 4926,4 SEK Annually
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8.1.3 Cost reduction scenarios

Cost per vehicle

95 000

85000

75 000

65 000

55000
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35000
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

e 8% Exponential ems=|inear  e====Scenario 1 e Scenario 2
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8.2 Tables

8.2.1 Cost of an autonomous vehicle per year 2020-2030

Year 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Cost (SEK) 88 095 83 169 78 242 73 316 68 389 63 463 58 537 53610 48 684 43 757 38 831

8.2.2 Number of autonomous vehicles in Sweden forecast

Year 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
LOA 4 (PCS) 380 760 1520 2660 4180 5700 7600 9880 12 540 14 060 14 440
LOA 5 (PCS) 1520 2660 3040 4 560 6 080 9 500
8.2.3 Number of newly registered autonomous vehicles in Sweden

Year 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

LOA 4 (PCS per year) 380 380 760 1140 1520 1520 1900 2280 2660 3040 3420
LOA 5 (PCS per year) 1520 1120 380 1520 1520 3420
8.2.4 Implementation cost
Implementation costs 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 Sum
Cost LOA 4 (KSEK) 33476 31604 59464 83580 103952 96464 111220 122231 129499 66 511 14 756 852 757
Cost LOA 5 (KSEK) 0 0 0 0 0 96 464 66 732 20372 73 999 66511 132802 456 880
Total (KSEK) 33476 31604 59464 83580 103 952 192928 177951 142603 203498 133022 147558 1309637
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FUEL 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 Total

Cost (KSEK) 622 622 622 622 622 622 622 622 622 622 622

Cost savings per vehicle LOA 4 62 62 62 62 62 62 62 62 62 62 62

(KSEK)

Cost savings per vehicle LOA 5 155 155 155 155 155 155

(KSEK)

Cost Savings LOA 4 (KSEK) 23 627 47 255 94 509 165 391 259900 354 410 472 546 614 310 779 701 874 211 897838 4583699
Cost Savings LOA 5 (KSEK) 0 0 0 0 0 236 273 413 478 472 546 708 820 945 093 1476707 4252917
Cost Savings(KSEK) 23 627 47 255 94 509 165 391 259900 590 683 886 024 1086 857 1488521 1819303 2374 545 8836617
8.2.5 Fuel cost savings

8.2.6 Labour cost savings

LABOUR COST 2025 2026 2027 2028 2029 2030 Total

Salary (KSEK) 383 383 383 383 383 383

Trucks Eligible (LOA 5) (PCS) 760 1330 1520 2280 3040 4750

Administrators required (PCS) 114 200 228 342 456 713

Cost (KSEK) 43 628 76 349 87256 130883 174511 272 674 785 300

Cost Savings (KSEK) 247224 432642 494448 741673 988897 1545151 4450036

8.2.7 Insurance and Safety cost savings

INSURANCE 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 Total
Insurance Savings per vehicle (SEK) 8200 8200 8200 8 200 8 200 8200 8 200 8 200 8200 8 200 8 200

Number of LOA 4 Vehicles (PCS) 380 760 1520 2 660 4180 5700 7 600 9 880 12 540 14 060 14 440

Number of LOA 5 Vehicles (PCS) 1520 2 660 3040 4560 6 080 9500

Total (KSEK) 3116 6232 12464 21812 34276 59204 84132 105944 140220 165148 196308 828 856
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8.2.8 Vehicle Utilization cost savings

UTILIZATION 2025 2026 2027 2028 2029 2030 Total

Normal profit per vehicle (KSEK) 99 99 99 99 99 99

Autonomous vehicle profit per vehicle (KSEK) 120 120 120 120 120 120

Number of LOA 5 Vehicles (PCS) 1520 2 660 3 040 4560 6 080 9500

Normal profit (KSEK) 151088 264404 302176 453264 604352 944300 2719584

Autonomous Vehicle profit (KSEK) 182816 319929 365633 548449 731266 1142603 3290697

Total Cost Savings (KSEK) 31728 55525 63 457 95185 126914 198 303 571113

8.2.9 Final result

Final Result

Implementation costs 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 Sum
Cost LOA 4 (KSEK) 33476 31604 59 464 83580 103952 96 464 111220 122231 129499 66 511 14 756 852 757
Cost LOA 5 (KSEK) 0 0 0 0 0 96 464 66 732 20372 73 999 66511 132802 456 880
Total 33476 31604 59464 83580 103952 192928 177 951 142603 203498 133022 147558 1309637
Savings

Fuel (KSEK) 23627 47255 94509 165391 259900 590 683 886024 1086857 1488521 1819303 2374545 8836617
Labour (KSEK) 0 0 0 0 0 247224 432 642 494448 741673 988897 1545151 4450036
Insurance (KSEK) 3116 6232 12464 21812 34276 59204 84 132 105944 140220 165148 196308 828 856
Utilization (KSEK) 0 0 0 0 0 31728 55525 63 457 95185 126914 198303 571113
Total 26743 53487 106973 187203 294176 928840 1458324 1750706 2465599 3100262 4314308 14686 621
Resulting Value (KSEK) 6733 21883 47509 103623 190225 735912 1280372 1608103 2262101 2967240 4166750 13376984
ROI (%) -20% 69% 80% 124% 183% 381% 720% 1128% 1112% 2231% 2824% 1021%
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8.2.10 Rosenlunds Akeri

Rosenlunds Akeri

Implementation costs 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 Sum

Cost LOA 4 (KSEK) 88 83 235 220 342 254 351 375 389 219 39 2595
Cost LOA 5 (KSEK) 0 0 0 0 0 317 176 54 243 175 427 1392
Total (KSEK) 88 83 235 220 342 571 527 429 633 394 466 3987
Savings

Fuel (KSEK) 47 93 234 374 607 1378 2 009 2 453 3411 4112 5443 20161
Labour (KSEK) 0 0 0 0 0 287 459 517 804 1033 1665 4765
Insurance (KSEK) 8 16 41 66 107 196 280 349 471 558 691 2783
Utilization (KSEK) 0 0 0 0 0 104 167 188 292 376 605 1733
Total (KSEK) 55 110 275 439 714 1966 2915 3506 4978 6 078 8 405 29 441
Resulting Value (KSEK) -33 27 40 219 372 1395 2 388 3077 4 345 5 685 7 939 25454
ROI (%) -38% 32% 17% 100% 109% 244% 453% 717% 687% 1443% 1704% 638%
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8.2.10.1 GDL

GDL

Implementation costs 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 Sum

Cost LOA 4 (KSEK) 88 83 156 293 274 254 351 322 389 175 39 2 425
Cost LOA 5 (KSEK) 0 0 0 0 0 254 234 54 195 175 388 1300
Total (KSEK) 88 83 156 293 274 508 585 375 584 350 427 3724
Savings

Fuel (KSEK) 32 65 129 259 388 840 1358 1632 2214 2667 3507 13 091
Labour (KSEK) 0 0 0 0 0 230 459 517 746 976 1550 4478
Insurance (KSEK) 8 16 33 66 98 164 246 303 402 467 558 2362
Utilization (KSEK) 0 0 0 0 0 83 167 188 271 355 564 1628
Total (KSEK) 41 81 162 324 486 1318 2230 2 640 3634 4 465 6178 21558
Resulting Value (KSEK) -48 7 6 31 213 810 1 644 2 265 3049 4115 5751 17 834
ROI (%) -54% -3% 4% 11% 78% 160% 281% 604% 522%  1175%  1346% 479%
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8.3 Miscellaneous

8.3.1 Defining your data type ((Figure 12.1, pp. 417), Saunders et al. 2009)

Obtain data
for a variable
Can
the data be No Descriptive
—————— classified into more =% (Dichotomous)
than two sets? data
Categorical Yes Descriptive
data {Nominal)
data
[
Ne Can Ne |
these sets be :
placed in rank i
1
can order? Ranked :
the data be s {Ordinal) _R_
e measured numerically data b
as quantities? 2.
a
B
=
v Interval Continuous g
H‘ J g.
Numerical
data No ¥es
Can Can
the relative the data
| difference between L theoretically take any
two data values be value (within a
caleulated? range)?
Yes No
Ratio \ Discrete
data data
r
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