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Abstract
Problem

The year 1886 is regarded the birth year of the modern automobile. Since then, there have
been many innovations that have seen the surface and some that have had an influential effect
in changing the paradigm itself. One of the major disruptions the world is talking about
currently is in the transport industry, with ‘autonomous vehicles’ (often referred to as selfdriving or driverless cars). The automobile industry has embarked upon a period of significant
innovation and change. It is extremely important to understand what exactly this change means
for the auto industry, the customers and the society and be prepared for this next big wave of a
change.

Purpose

The main purpose of this paper is to increase the understanding of how the fundamental
changes of driver replacement system has an effect on the auto industry (the auto business and
customers)

Research Question
“How technological advances have led to business model changes in the auto industry”
“How Advanced driver assistance system technology has an effect on the business model
change in the auto industry”

Research design/ methodology

A multi qualitative method with inductive approach is used. To analyse the auto industry
data is collected and supported by narrative inquiry strategy with in-depth interviews, and
secondary document sources. Since the data is analysed over a period of time, a longitudinal
time horizon is chosen. The philosophy governing this thesis is that of pragmatism with an
awareness that interpretation is involved.

Conclusion

Since the 1970’s most of the innovations since then have been incremental. The beginning
of technological diffusion from Information and Communications Technology industry from
the 1990’s has resulted in some radical/ revolutionary technological innovations. There have
been only two innovations, Internal Combustion Engines and Mass production that has had a
significant change in the way business is seen and done. The other technological innovations
have contributed to the change in either one side of the business model canvas or none. The
current trend of Advanced Driver Assistance System technology is focused on replacing the
driver and electric engines replacing Internal combustion engines , a pattern is that is seen from
the history where horses were replaced by engines. The use of self-driving cars and electric
engines would create a new paradigm in the auto industry.

Research limitations implications

The cause-effect relation between business model and technological change is not analysed.
The research is analysed with the principle that a technological change would lead to a business
model change. Non-technological innovations that has resulted in a business model change is
not discussed. Contribution of technological innovations to change in revenue model is not
discussed in detail.
Key words: Automobile Industry; Technological innovations; Business model; Business model
changes
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1. Introduction
“Automobile has now become Autonomous mobility”
The year 1886 is regarded the birth year of the modern automobile. Since then, there
have been many innovations that have seen the surface and some that have had an influential
effect in changing the paradigm itself. One of the major disruptions the world is talking about
currently is in the transport industry, with ‘autonomous vehicles’ (often referred to as selfdriving or driverless cars). The automobile industry has embarked upon a period of significant
innovation and change.
One could argue that over the next ten years this industry would see more innovation
and change than any other industry. A set of factors like market needs (demand), culture,
economy, competitiveness and technological forces; one could say, are pressing the auto
industry (driving disruption/forcing changes) (Jefferys, 1983; Oakes & Lee, 1996; Viljamaa,
2007; Smith, 2013). It would be intriguing to see what technological changes have occurred
over the century in the automobile industry that has affected the way business is done and
also to see if there are any repeating trends which would add to our current understanding thus
helping us to steer through disruption.

Background & Significance
The auto industry in the 1970’s was found to have reached its maturity phase and
there were not many radical innovations that surfaced. The current paradigm of the auto
industry is nothing more than what it was 100 years ago (Woodford, 2017). It is a horsecarriage in combination with the engine, the power train, a body and the infotainment system.
With the invent of infotainment systems into the auto industry, electronics (chips) have
become the fundamental components. The reason for this radical change is because there has
been a lot of diffusion from the Information and communication Technology into the auto
industry. Technological innovations have significantly evolved over time and often they
result in a change of a business model (BM) (Juergen, 2017).
With technological innovations increasing and becoming “smarter”, there seems to be
a “new change” that the experts are predicting in the auto industry – a new paradigm shift.
So, what is the driver of this new change? It is the thought of computer on wheels, with
inclusion of consumer electronics and principles of the computer and IT industry like AI
(artificial intelligence) and big data, battery and mobile phone technology with
communication, security and driver replacement becoming the foundation, added to this is the
horse carriage (Schoenfeld & Hager, 2018).
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Purpose
Communication technology, new sources of energy and new modes of mobility are
the engineering areas where technological developments have a wider impact on the world
and the power is managed and moves the economy. The economic revolution has happened
when three technologies emerge and converge to create a ‘general purpose technology
platform’ also commonly known as ‘a new infrastructure’. The world has so far witnessed
two waves of disruption and is currently in the third!
The first industrial revolution was in the 19th Century lead by the British with steam
power printing followed by telegraph as the revolutionary technological advancements in the
communication technology (Ionescu, 2018; Simhula, 2010). This was then converged with
the new energy source -coal, through steam engine and was put into use with a new mode of
mobility – the locomotive! These industrial revolutions created the 19th century urban life
(Simhula, 2010; Ionescu, 2018).
The second industrial revolution took the world into and through the 20th century and
was introduced by the United states with centralized electricity (a new power source for
communication) and the new energy source being oil. Henry Ford put everybody on road
with cars with merging the technological innovations (Freeman & Christopher, 1989;
Simhula, 2010). The 2nd industrial revolution changed the way power was used to move the
economic life as we know it. The infrastructure has peaked in terms of its productivity years
ago in 2008 when the global economic crisis dipped the economy. (Freeman & Christopher,
1989; Daniel Simhula, 2010)
It was then the world started to shift into the third industrial revolution still relying on
the technology from the second. Wireless communication, connected network and the
internet, are new communication technologies which is currently merging with renewable
sources of energy to create a new mode of transportation – which is currently creating a
shared economy (Juergen, 2017).
Looking closely into the mode of transportation which is the focus of this thesis, when
we talk about the impact of driver replacement system also known as Advance Driver
Assistance System (ADAS), we can see that earlier electronics was just one of the components
of an automobile, more of a side show, but it is now in the spotlight (West, 2017). Looking at
it in a business perspective, the business models would have to change from the value
proposition of ownership to service. The buyers of cars (consumers) may not even own a car
and rather just use it, but instead the fleets would buy the cars and rent it out as a service. There
could be a greener and a sustainable environment with almost none or very little parking
space with increased road safety and reduced accidents.
From this, we can see that there is a ripple effect across the system, which leads to the
fundamental question of how things happen and why. In most scenarios, when there is an
ongoing technological innovation, this would lead to a change in the business and through
this thesis we are trying to understand how this change happens, what the characteristics and
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impact of the change are, and whether we can learn anything from the past to help in
predicting the future.
The main purpose of this paper is to increase the understanding of how the
fundamental changes of driver replacement system (the technological innovation in
consideration) has an effect on the auto industry, i.e. the auto Business (biz) and customers.

Problematizing & Research Question
If anyone said that a car in 2020 would be a composition of many different ideas and
technologies together with different competitive firms, would you believe it? If Tesla would
make the power train, Apple would provide the hub experience, Google would aid with the
autonomous driving systems and Uber providing access, wouldn’t life be simpler and more
convenient? With the advent of concepts like “smart technology” in the telecommunication
industry, users are trying to get everything that they need ‘smart’; what really is smart
technology then? It is nothing but a barrier free technology that would make one’s life very
easy and simplified as the barriers are solved, or in other words, the problems reach their
threshold.
In the recent years, studies have shown that vehicle accidents which is the 9th leading
cause of death kill around 1.3 million people around the world (ASIRT, 2018). This
staggering number is equivalent to the number of people of who die because of AIDS or a
combination of breast and lung cancer. In Europe alone, 90% of the road accidents are caused
due to the drivers. Academicians along with industry experts have figured a solution that
would reduce the number of accidents to almost no accidents - with the help of ADAS
technology (Advanced Driver Assistant System), thus giving birth to the concept of driverless
cars, also known as autonomous cars.
Not only that, but companies such as Google, Apple and Samsung with big strategies
transformation are in it to optimize the frontier technologies for redefining innovation. The
process of transformation into a digitally enabled world can now be seen within the hands of
the digital fields ((Davids, 2018). It thus can be said that with new manufacturers looking into
the market transition are now displacing the established Original Equipment Manufacturers
(OEM). The likes of Tesla and Apple are focused on disrupting the marketplace with a closed
innovation approach (Davids, 2018)
One of the major issues in the world now is that of increased carbon footprint.
Transportation accounts for much of the energy that is being used as well as carbon
emissions. Global CO2 emissions form transport have grown 45% from 1990 to 2007.
(Futurism, 2017). Strict emission standards and awareness of effect of use of fossil fuel on
health and environment is becoming more critical (Juergen, 2017). A Drive towards
sustainability with use of autonomous cars can reduce green-house gas emission and carbon
footprint (Futurism, 2017).
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With an introduction to the concept of servitization, i.e. Mobility as a service as
opposed to transportation as a service, there has been a drop in the car ownership. Calling a
vehicle sharing service like Uber to commute will be way cheaper than owning and
maintaining a car (Mamta, 2017). This has led to a shift from product to a service type of
business where traditional OEMS are challenged to strategize on disrupting the marketplace
with a new innovation approach in the business model per say (Juergen, 2017 ; Davids,
2018).
With many changes happening around with the third industrial wave of disruption, critical
questions like the following would give a clear picture of where the industry and the future of
auto business is headed
• How would the world look like in 5, 10, 20 and 60 years from now?
•

Who is making the change? How long will it take for this change to have a
‘big’
impact on the entire world?

•

What are the contributions of the new players in the ecosystem?

•

How do industries react when the problematic barriers are solved?

It is extremely important to understand what exactly this change means for the auto
industry, the customers and the society and be prepared for this next big wave of a change.
This leads to the research questions of this paper –
“How technological advances have led to business model changes in the auto industry”
“How ADAS technology has an effect on the business model change in the auto industry”

Thesis layout
In section 1 – Introduction, so far, the trends in the auto industry is discussed which
sets the scene for this research and thus deriving the research questions that this master thesis
intends to answer.
The reminder of the thesis is divided into 6 subsequent sections for an easy read.
In section 2 - Literature Review, an introduction to the concepts along with a
conceptual framework that would be necessary to understand the research question is
provided. This section would talk about the technological innovations and the characteristics
of these innovations; business model changes that are predominant and can be analyzed and
the time line of auto industry mapping the different technological changes over the years.
In section 3 - the Methodology is presented where the research onion representing the
research strategies and the methodological choices that were chosen that support this work is
discussed.
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In section 4 - the Results, the outcomes that are gathered from the data collection
process is presented and discussed. This section would contain the event pairs, and the
characteristics of the varying technological changes and business model changes that took
place in the auto industry.
In section 5, the Analysis and Discussion is presented where the conceptual model
that is created for this thesis is discussed with help of technological innovations ranging from
Internal combustion (IC) engines and mass production processes to the recent technological
development i.e. ADAS technology within the auto industry.
In section 6, the Conclusion the work is consolidated and presented where the main
findings are discussed in brief along with the answers to the research question presented
intended for this thesis. In addition to this, the limitation of this research and scope for future
work is presented.
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2. Literature Review
This section would represent the conceptual framework that would enable the readers to
understand the different concepts that prove to be fundamental and support the research
question. The conceptual framework first describes what innovation is, why innovations
happen, and then goes on to explain about technological innovations, the types of technological
innovations and their characteristics. Business model concepts and its impact are then
highlighted. These concepts are then tied together with the auto industry. A conceptual model
‘A transilience map representing the business model change’ that is designed to answer the
research questions is presented in brief, a detailed discussion of this is explained in section 5
(Analysis and Discussion).

Figure 1: Conceptual Framework

Technological Innovations
Innovation and invention are two concepts that are often misused as they tend to get
melded together. Imagine a world without cars, airplanes, cell phones or even computers.
How would the world look now without the innovations like the wheel, ink, or the
typewriter? According to the Oxford dictionary, innovation is defined as “a new idea or a new
way of doing something that has been introduced or discovered”. “Innovation has become an
integral part of a human nature - a tendency where one comes up with a new idea or tries to
do things in a better way”- Jan Fagerberg. Invention on the other hand, is the creation of a
product or a process for the first time. To quote Thomas Edison “Invention is 1% inspiration
and innovation is 99% perspiration”.
The first steam powered automobile invented by Nicholas-Joseph Cugnot
(Eckermann, 2001), which would enable transportation of humans, is an example of
invention in the auto industry, one that is a new product. It also created a new market
(Eckermann, 2001). Innovation on the other hand is placing a product or process in a new
context (Everett, 2009), and the best example of this is that of the Ford Model T by Henry
Ford. Thus, we can say that innovation is the transformation of an idea into something that
can be used (Utterback & Suarez, 1986).
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Another term that is critical to understand is technical innovation, which is commonly
mistaken for technological innovation. Technological innovation comprises of new products
and processes and significant changes of the same, and refers to the technology (Suarez &
Utterback, 1995) or the theory behind something. Technical innovation on the other hand,
refers to technique behind something. It is important to keep in mind that these terms cannot
be used in place of the other, and in the context of this paper the author is referring to the
technological innovations that have happened in the auto industry.
To understand how innovation happens, Burgelman, Madique, & Wheelwright,
(1996) provided the concept of ‘S-curve of Innovation’ which indicates that technologies
grow and emerge in multiple waves. This model was first used by Gabriel Tarde in 1903 and
elaborates the behaviour of adoption and the reason for innovation. The S-curve has four
stages to it, starting from early adoption, to innovation to growth, and finally the maturity stage
(Burgelman et al., 1996). In the early period or the adoption period, the technology is just
emerging, and theories are being put to test by researchers. Following this is the growth phase
a period of frenzy and excitement where the technology is being used by many, and growth
accelerates and so does the adoption rate (Christensen, 1992; Burgelman et al., 1996). This
lasts for a few years and a lot of incremental innovation occurs, leading to the maturity of the
technology, where development of the technology reaches its peak and then starts to slow
down. It then becomes harder to identify and create value to the customers with the
incremental innovations (Burgelman et al., 1996). The question shifts from “What are we
going to build?” to “What’s going to be new in the market?” The S-curve is a static model,
i.e. the factors affecting the innovation are seen in a fixed perspective. Abernathy &
Utterback, 1978 provided a phase model (3 phase) that indicated the impact the innovation
has on the firm, the marker and the resources to develop the innovation. In this model, the fluid
phase is linked directly with radical innovation that happen with dominant design being
established. The second phase is the transitional phase and is liked with major process change
and architectural innovations at large. And finally, the third phase, known as the specific
phase, is linked with incremental innovations (Abernathy & Utterback, 1978).
The auto industry in the late 1800’s and early 1900’s catered only to the rich, with
adoption rate of 0.1%. Henry Ford, having designed the Ford Model T with the invention of
assembly lines, close to 50% of the world population in 15 years had a car (Harry S. Dent,
2014). By 1940, the auto industry reached its maturity with 90% of the urban population
owning a car (Harry S. Dent, 2014). Ever since, there have been only smaller innovations like
increased efficiency of the car, cost cutting, reduced emission and so on. It is at this stage
where the industries bring out something ‘new’ to the market; a completely new concept that
would once again follow the similar pattern (s-curve and adoption pattern). In the case of auto
industry, the internal combustion engine has reached the end of its technology cycle and a new
wave of technology, i.e. use of electric batteries to run the car has begun (Rossi, 2018);
ECONYL, 2018). It is said by Bodrožić & Adler (2018) that “innovations are seen as creative
destructions waves that restructure the market” and this can be related to the beginning of a
new technology within the auto industry.
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Figure 2: S-curve and adoption curve

All the industries out in the market create a value to the customers, however only some
are skilled in capturing the value. To understand why some companies are more successful
than the others (especially incumbent firms), Clayton Christensen presented his model of
disruptive innovation. This model discusses about incremental and disruptive innovation and
how firms use disruptive innovation and gain more market share. An incremental innovation,
as discussed earlier, refers to the improvement of something that already exists (C. M.
Christensen, 1992). Radical innovation is doing something different that creates and captures
value in a different way, say with the help of a newer product (Henderson & Clark, 1990b;
Kline & Rosenberg, 2010). An entrepreneurial firm generally enters the market with this
strategy (having a disruptive innovation up their sleeve) and rapidly captures the customers
with a new proposed value (C. M. Christensen, 1992; Henderson & Clark, 1990a). The
technology used may be in its development stage but as and when the customers adopt it, it
advances (C. Christensen, 2013)

Figure 3: Disruptive Innovation Model
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The Packards were well known in Detroit between 1916 and 1939 for their most
expensive cars. However, their sales fell down soon after the Second World War as many
new auto companies entered the market and designed cars with better engines. The Packards
then vanished from the competition by 1958 (Berg, 2012). From this it is understood that it is
always important to continuously innovate, not just incremental, but also provide the
customers with a new value. The technology, though new, if proven to be successful, will be
adopted by many (Henderson & Clark, 1990b; Tushman & Anderson, 1986).
To understand the impact of the technological advances, it is important to cluster the
innovations into appropriate groups and study them based on their characteristics and impact.
To understand the types of innovations, the author uses the primary categorization of
innovation, also known as the ‘4 P’s of Innovation’. The first kind is known as the product or
service innovation, which includes something that is tangible or intangible, offered to the end
consumer (Joe Tidd, Bessant, & Pavitt, 2005; Utterback & Abernathy, 1975). The second kind
is known as process innovation, which discourses the way the product or service is being
delivered (Joe Tidd et al., 2005; Utterback & Abernathy, 1975). The third kind of innovation
is the position innovation, which focuses on whom the product or service is offered to, also
known as market position which includes identifying the right customer segment and
appropriate value proposition (Rowley, Baregheh, & Sambrook, 2011; Joe Tidd et al., 2005).
The last facet of innovation is known as the paradigm innovation. This is also a mental model
or referred to as the business model (Joe Tidd et al., 2005).

Figure 4: 4 P’s of Innovation (Joe Tidd et al., 2005)
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The innovation is categorized based on the axis which ranges from incremental
innovation to radical innovation. The former is one which indicates doing something which is
already being done, in a better way, and the latter refers to doing something different and
moving closer to exploring the unknown (Joe Tidd et al., 2005). The radical and incremental
dichotomy has been studied by many authors with distinctive jargons. Abernathy &
Utterback, (1978) used the terms incremental and radical innovation, Porter, (1986) used the
term continuous and discontinuous technological changes, (Tushman & Anderson, 1986)
used the terms incremental and breakthrough innovation to explain technological
discontinuities in 1986, and (Abernathy & Clark, 1985) used the concept of Conservative and
Radical Innovation. Though different authors made use of different terminologies, it all boils
down to one working definition that is apt for this report, giving this concept an external
perspective - innovation is differentiated based on the technological changes and the impact it
has on the market. Modest technological changes of the same product are centric to
incremental innovation whereas technological advancements that make an existing product or
technology obsolete come under radical innovation (Abernathy & Clark, 1985; Abernathy &
Utterback, 1978; Porter, 1986; Tushman & Anderson, 1986)
To comprehend this better, connections to this concept with relevant examples from the
auto industry is made, indicating both radical and incremental changes for the different types
of innovation. A new model of an existing car, say a new Volkswagen Golf 2018 model,
which is sold to the market with some updates as compared to its older model is a perfect
example of incremental product innovation. A newer concept of the car, let’s say Tesla with
its electric car, is the best example of a radical product innovation. Porsche providing the
customers with customized cars as per demand is an illustration of incremental position
innovation. Koenigsegg and Rolls Royce are ideal examples when it comes to radical position
innovation, where a new market segment is formed, i.e. cars for the richest of the rich, by
creating a new niche market (Gassmann, Frankenberger, & Csik, 2014).
Henderson and Clark believed that the concept of incremental and radical innovation
alone was insufficient to explain the reasons, importance and necessity to innovate. The
question of why some incumbent firms fail the same time a newer firm grows to become a
leader in the market helped them develop a model introducing the concept of ‘architectural
knowledge’ governing the knowledge of innovation (Henderson & Clark, 1990b). This model
presented 4 types of innovation – incremental, modular, radical and architectural innovation,
divided based on two dimensions – impact on component and impact on linkage between the
components (Henderson & Clark, 1990b).
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Figure 5: Henderson and Clark (1990) Innovation Model

To recapitulate the example of incremental innovation of a product, Volkswagen Golf
2018 model builds on the existing component and knowledge. The use of composite material
and material science innovation, i.e. use of plastic, carbon fiber, sheet metal composite and
GFRP for the body of the car, is considered to be modular innovation as it uses new
knowledge for the development of the body (a component of car) but retains the architectural
knowledge. The use of power steering and power breaks or even the introduction of
telemetric systems to the automobile is an illustration of architectural innovation. This type
has no major change on the component (Global Positioning System (GPS) or steering or
brakes) but the link of using electronics in a car is truly a sense of a new architectural thought.
The last type of innovation is that of radical innovation, which has a revolutionary outlook on
both the component and architectural knowledge. Needless to say, the battery-driven cars of
Tesla are the best fitting example of the same.
Abernathy & Clark (1985) contributed significantly to the research in the field of
innovation of auto industry with the help of the transilience map, which marked the
classification of innovation in the auto industry into four quadrants based on a 2-dimensional
structure of axes– Technology Production versus Customer/Market Linkage.

Figure 6: Abernathy and Clark (1985) transilience map
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The first quadrant represents architectural change, which means that it creates a new
market segment and also that it renders the existing technology obsolete. The Ford T model of
1908 is an illustration of architectural innovation (Abernathy & Clark, 1985; Abernathy &
Utterback, 1978; Utterback & Abernathy, 1975). This type of innovation challenges the
incumbent of its technological structure, capabilities, strength of concept and growth and
application of science itself (Abernathy & Clark, 1985). Niche creation refers to finding new
markets and matching the needs of the customers with the existing technology or refining the
technology to suit their needs. The Ford Model A was used as an example by Abernathy &
Clark (1985), and it is because this model created a great interest amongst the customer’s, but
it used the same technology, modifying it to create a diverse product. Niche innovation has a
considerate impact on the transilience of the customers or the customer segment whilst
conserving the technology. The incremental innovation is similar to the prior discussions in
the literature, also known a regular innovation, which builds on the existing technology
catering to the needs of the existing market and customers (Abernathy & Clark, 1985).
Revolutionary innovation is positioned in the fourth quadrant, and innovation that disrupts the
technology or renders the technology obsolete yet catering the same market, is positioned in
this quadrant. Use of Aluminum to manufacture the engine which replaced use of cast iron
(CI) is the prime example of a revolutionary innovation.
Summarising the different types of innovations based on its characteristics, it all boils
down to the following characteristics indicated in the following table (Abernathy & Clark,
1985; Henderson & Clark, 1990b)
Table 1: Characteristics of different technological innovation with example from auto industry

Innovation Type
Architectural
innovation

Definition
Innovation that discovers a new way to link
different technological components and uses
new competence to innovate.

Example
IC Engine

Niche innovation

Innovation that focuses on conserving the
technology, making use of the existing
competence

Fuel cell cars

Regular/Incremental
Innovation

Innovation
that
focuseson
minor
Power steering and
advancements on existing products, and
Power brakes
enforces the growth of dominant design. An
Innovation that uses the existing technologies
and not introducing new applications.
Revolutionary/Radical Innovation that establishes new dominant
Monocoque
Innovation
design (core design concept) through a new
way creative and innovative way. An
innovation where new technology is used that
has not been used/previously introduced to the
market is used and/or a whole new creative
way of doing things is introduced.
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For the purpose of this paper, we would use the characteristics as mentioned in the
table to characterize the different innovations in the auto industry which is discussed in the
further sections. Architectural innovation is characterized as one which discovers a new way
to link different technological components and uses new competence to innovate. The best
example being the IC engine which is the technological advancement with use of oil as a
source of energy in combination with the automobile which has now put all of us on the road.
Fuel cell cars were definitely a creative and an alternate to IC engines, making use of the
existing technology and competence, thus falling under the category of Niche innovation.
An innovation that uses the existing technologies and not introducing new
applications, albite the technology is being improvised through minor advancements on the
existing products and reinforcing the growth of a dominant design is known as Regular or
Incremental Innovation. The best example of this would be that of steering and brakes. These
components constitute the fundamental automobile but looking at the development as such,
we can see different types of materials used for effective breaking or concepts around
steering. Each time an improvement is made, existing concepts are merged together to have a
more effective and advanced system such as power steering and power breaks. Lastly, an
innovation where new technology is used that has not been used/previously introduced to the
market is used and/or a whole new creative way of doing things is introduced is
characteristics of a radical innovation. The Monocoque body is one such example that is a
typical radical innovation.
Having understood what innovation is, how it happens, the different types of
innovations, let us move on to understanding the business model concepts.

Business Model
The term business model and its associated concept has been used quite often in the
recent decade to express the way business is done (Spieth, Schneckenberg, & Ricart, 2014). It
is a conceptual model / tool / mental model that expresses the way a firm creates delivers and
captures value (Chesbrough, 2010; Osterwalder & Pigneur, 2010; Joe Tidd et al., 2005). Over
the past decade, a business model has been used as a unit of analysis in innovation studies
(Massa & Tucci, 2013). Till the yesteryears, it was ‘business strategy’ or simply ‘strategy’
(Porter, 1979). ‘Strategy’ is a word that is often mentioned in any business is derived from
the Greek word strategos, which is a term used to represent the art of war, specific to the role
of the general of an army troop. A concept that has been borrowed from the military has been
studied in the business context by many renowned authors like Porter, Steiner and Sun Tzu.
Each of these authors have their own definition of a strategy and interpretations of what
strategy is. Strategy is also another way of representing how business is done. According to
B. H Liddle Hart, strategy is the art of applying or distributing ‘means’ to gain the objective
(Hart, 1990). Michael Porter defined strategy as “a combination of the ends (goals) for which
the firm is striving and the means by which it is seeking to get there” (Porter, 1996). So, what
exactly is strategy? A strategy is a term that answers the following primary questions
(Mintzberg, 1994, 2000; Porter, 1986).
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a.
b.
c.
d.
e.

Where do we compete?
What unique value do we bring?
What resources/ capabilities do we use?
How do we sustain unique value?
What do we need to do to win our market?

Business Model is used as a means of communication to express the idea of
innovation to the society at large (Gassmann et al., 2014). They are visual representations of
the strategic choices made, the value network, and hence creating, capturing and delivering
value (Chesbrough & Rosenbloom, 2002). A dominant design leads to a change in business
model. Choosing the right type of business model is a process of selection and retention,
where one new model arrives and the other disappears (Suarez & Utterback, 1995) and the
firms compete on this new type of business model. To understand the changes that have
happened in the business model, one must look into the ‘transformational’ approach to the
business model – i.e. business model as a tool that corresponds to the changes in the way
innovation occurs in an organization (Demil & Lecocq, 2010). Therefore, we can say that a
business model reflects on how companies or industries create, deliver and capture value
(Teece, 2010) and how they organize the value chain and deliver the value proposition.
Osterwalder, in his book, explains that a business model is a tool that helps a
company understand beyond the products and services they offer, i.e. all the pieces of the
puzzle (business) that make the company successful. Osterwalder and Yves Pigneur
presented the concept of business model canvas (BMC) – a tool that is used to describe,
challenge, design or even invent business models. An organization’s business model can be
described using 9 building blocks, and it looks like the figure below.
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Figure 7: Business model canvas (Osterwalder & Pigneur, 2010)

The business model canvas can be divided into two parts – the left hand side and the
right hand side. Looking at the blocks on the left hand side, the focus is on how the business is
done with respect to the firm. This is called the business component, and it accounts for the
activities that a firm performs, the recourses it uses, the tie-ups with its partners to deliver a
certain value to the customers and the amount it invests (costs) to create this value
(Osterwalder & Pigneur, 2010; Zott & Amit, 2010). The right side of the canvas focuses on
the market components, i.e. who the customers are, how a firm reaches out to them and how
money is made (Osterwalder & Pigneur, 2010).
The left side of the business model canvas, i.e. the business components that includes
the resources, partners and activities performed by the firm answers the ‘how’ question of the
magic triangle. Discussion revolving around the business components includes questions like
“What are the important assets required to deliver the value proposition?”
“How can human resources be handled?”
“Who are the firms’ partners and what are their contributions?” “How do the firms
collaborate to deliver the value?”
“What key activities and resources do the partners bring in?”
These aspects represent the value chain aspect of a business. The market components
that are on the right side of the business canvas answers the questions
“Who are the customers?”
“How are they represented (geographically, age, gender)?” “What value is delivered to them?
And how to generate profits?”

Figure 8: Business model innovation – Magic triangle (Gassmann et al., 2014)

Successful firms continue to innovate around their canvas and Gassmann proposed a
model called the “magic triangle” which consists of 4 components that answers the questions
of the business model canvas. It is said that if any of the component (corner) is altered, the
others automatically are tweaked to match with this change.
Business model innovation (BMI) is nothing but doing a business in a different way
(Zott & Amit, 2010) It could be a new idea in the way value is delivered or a new value
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proposition itself (Wu, Guo, & Shi, 2013). Business model change can be seen as a new
creation or addition of a new component on the model or modifying the existing process by
wearing a lens looking into the areas of innovation that are possible on a business model
(Cavalcante, Kesting, & Ulhøi, 2011; Gassmann et al., 2014; Girotra & Netessine, 2013;
Osterwalder & Pigneur, 2010).

Conceptual Model
To analyse the business model changes in comparison with the technological changes
(to answer the research question) this paper makes use of a conceptual model which is a
transilience map representing the business model changes on two axes as represented in
figure 9.
The horizontal axis depicts the influence on the business components, i.e. the left side
of the canvas which answers the question ‘How?’ on the magic triangle (Gassmann et al.,
2014; Osterwalder & Pigneur, 2010). This axis ranges from low influence starting from left
side to high influence on the right side.
The vertical axis which ranges from low influence on market components to high
influence on market components, and focuses on the changes with respect to the right hand
side of the business model canvas, focusing on the question of ‘What?’ - the value
proposition and “Who?” - the customers (Gassmann et al., 2014; Osterwalder & Pigneur,
2010).
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Figure 9: Conceptual model – A conceptual transilience map representing the business model change

The Conceptual model representing the business model change is built based on the
business model canvas (Osterwalder) and the magic triangle (Gassman) to map out the
business model changes. As indicated the horizontal axis represents the left side of the
business model (Osterwalder) and answering the question of ‘How’ on Gassmann magic
triangle. This is termed as Business components and compromises of the value chain –
partners, activities, resources and cost structure. The vertical axis represents the right side of a
business model canvas (Osterwalder) and answering the question of ‘Who’ and ‘What” on
the Gassmann triangle. It is referred to as the market components and focuses on how the
value is added and to whom, i.e. the customer segment. These are the 2 broad critical
components that this paper uses to analyse the technological changes that have an impact on
the auto industry. The various technological changes are classified based on the
characteristics of innovation which was discussed in the earlier section and then mapped onto
the conceptual transilience business model map to give a wholistic understanding of the
impact of the changes both on the market components as well as the business components.
The conceptual transilience business model change will be discussed in detail later on
in the analysis segment when an introduction to the different technological changes as well as
the corresponding business model changes are explained in depth. To tie the concepts of
business model and technological changes to bring into the bigger picture, let us look into the
transformation of the auto industry in brief in the following section.

Auto Industry
The auto industry began when we realized animals could carry us from one place to
another. As the centuries rolled by, we used this as a mobility service to get from one place to
another while at the same time seeking even better ways to travel (Piggott, 1992). The power
of steam was harnessed and animals were soon replaced with engines, resulting in the birth of
the horseless carriage (Hylton, 2009). But it was not until the development of the internal
combustion engine and use of oil as fuel that the industry was able to achieve a basic
improvement in individual transport (World Mysteries, 2013).
In 1886 the contributions of Karl Benz and Gottlieb Daimler led to the birth of the
automobile and 29th of January 1886 is said to be the precise birth date of the automobile
(Eckermann, 2001; World Mysteries, 2013). Karl Benz also earned the first patent for
automobiles in Germany. The first car manufacturing company was established in the year
1985 by Charles and Frank. In the 1890’s a few hundreds of home-built cars were seen on the
roads (World Mysteries, 2013). The cars in those years were used as a play toy for the wealthy.
It was primarily used for racing both in short distances and cross continental. One of the old
primitive vehicles was then designed, not just for the wealthy but for everyone, which could
withstand the harsh road conditions. Between the years 1908 and 1926, Ford refined the idea
of assembly line and soon the cars were turning out at the rate of 1000 per day and more than
15 million cars were sold during that period (World Mysteries, 2013). Some of the major
innovations that have contributed to the current state of the auto industry are the replacement
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of hand cranking with the electric starter, heaters, windshield, wipers, closed cars replacing the
open models, and the four-stroke IC engine by Nikolaus Otto.
Ford happened to be the leading manufacturer of cars in the US, and with it, General
Motors and Fiat Chrysler came to be known as the ‘Big 3 of the Auto Industry’ (Klier &
Rubenstein, 2008). Some of the giants in the auto industry are Volkswagen AG, MercedesBenz, BMW from Germany, and Toyota, Nissan and Honda in Japan (Liker & Wu, 2006).
They are distinguished as the Big 3 not only due to their contribution in terms of the innovation
towards, the auto industry and the sheer size of the company, but also by their business
model.
The auto industry saw an expansion during 1930’s and until the Second World War
the demand for motor vehicles increased, thus giving birth to newer businesses and creating
jobs (J. F. Moore, 1993). The auto industry faced a threat of obsolescence around 1970’s when
there were emergent firms that contributed to the industry in a superior manner that
ultimately lead to the transformation of the automobile business (J. F. Moore, 1993).
Looking at a broader timeline of what survived, the auto industry can be divided into
3 phases – Fordism, Servitization and Electric Vehicle with Autonomous Driving. The
concept of Fordism started out as cars for all, the adoption of this technology by an individual
created a sense of ownership and social status. The automakers ran their business based on
this principle. In 2004, Uber came up with the concept of renting cars for temporary needs,
more like a taxi service. This concept created a sense of commotion in the minds of the
customer (from owning to renting) as well as the way business is done within the industry.
With the saturation of mechanical technology and the introduction of electronics to cars, new
emergent companies were seen contributing in a very innovative way (advancements in
electronics and telemetric). The development of this advancement is what gave birth to the
autonomous driving concept – where a car would be a robot.

Figure 10: Growth of Auto Industry
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The figure is an illustration of the growth of 3 different paradigms of innovations in the
auto industry. The use of IC engines as power train along with the concept of mass
production also known as Fordism has been the forefront of the auto industry since its birth.
The technology has developed over the years and reached its maturity state in the 1970’s The
concept of servitization also known as uberization, which focuses on a sharing economy with
providing mobility as a service (CSO, 2016) has taken flight from 2009 and has changed
customer segments and the social status of a car itself. This development is can been seen as a
new face for the marketing of a car as such. The commercialization of electric vehicles started
by Google in 2009 has set a new route for the auto industry. The technology trajectory with
the use of EV and self-driving technology is the talk of present and future. The advancements
in the ITC field has grown enormously, resulting in the development of battery technology
which would be the new power for driving a car. Only time will tell when this technological
advancement would become pivotal to the auto industry.
Tying these concepts back to the wave of disruption, it can be seen that Fordism in the
1900’s and Servitization in the 20th Century have been the 2 waves of disruption that the auto
industry has seen so far with the technological developments and its effect on the auto
business as well as the consumers. With Artificial Intelligence and new renewable energy
sources, ADAS is the new technological wave of disruption that one could identify in the
auto space and thus also drives the reason to study this area.

Frame of References
The frame of references that this thesis builds upon are: Adoption lifecycle, disruptive
innovation model, the innovation models, concept of a business model, business model
canvas and business model innovation. Thus, the chosen definition of innovations models are
from ((Joe Tidd et al., 2005), Abernathy & Clark (1985) , and Henderson and Clark (1990) as
in these papers, the definition of innovation is based on the technological characteristic and
the effect it has on business models. (Gassmann et al., 2014; Chesbrough & Rosenbloom,
2002) is used to discuss the definition of business model as a strategic choice made, to create,
capture and deliver value.
All the characteristics and parameters of the business model canvas is adopted from
Osterwalder and Pigneur (2010) and Gassmann et al., (2014) as it is in line with the
innovation definitions and characteristics discussed in the earlier part.
A new conceptual model ‘A transilience map representing the business model change’
which is derived from the aforementioned papers is used to discuss the how technological
advances have led to business model changes in the auto industry and how ADAS technology
has an effect on the business model change in the auto industry.
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2. Methodology
This section focuses on the arguments for the methodological choices i.e. the research
design that is appropriate for this thesis work. A background is set with the design of the
research work to understand the motivation behind the methodological choices followed by data
analysis and research design followed. This section concludes with justification towards the
research ethics.

Research Process
The first phase during the thesis was to derive a research question that is trending and
in an area where there is an ongoing research. The auto industry is going through a
revolutionary change and the whole area is wide to discuss, and this is where the factor of
master’s programme in industrial management and innovation was one of main criteria to
abide with. It was then decided to go with the topic of business model innovation along with
technological transformation. It was also a fascination to work with the auto industry,
technological advancements and new trends and analyse its impact thus decided to look at the
impact of technological trends on the business model.
A Systematic literature review was performed to understand the literature work and
contributions so far in the field. This was done to identify relevant literature that would shed
light into answering the research question. The literature review revolved around the
evolution of business models in the auto industry. Influential books in the auto field like “My
life and my work – Henry Ford”, “Wild ride - Adam Lashinsky”, and “The machine that
changed the world – James. P. Womack”. along with newsletter like Drive Sweden,
YouTube videos and HBR articles related to the changing trends in the automobile industry
proved to be a source of inspiration in formulating and answering the research question.
Since this was a systematic literature review the search was limited to a few renowned
electronic journal databases that were relevant to the field of interest. The main one’s beings,
ABI inform – Pro-Quest global, Web of science, Science Direct, and the Halmstad University
library database, as they were more relevant to the topic under discussion. HBR articles were
used to collect more information relating to the business strategies. Initial keyword search
consisted of “automobile industry” with a combination of “Business model”. This resulted in
a large number of hits. To narrow down, certain filters were used (the inclusion-exclusion
criteria) such as limiting the document type to articles that were peer-reviewed and were open
access articles. The years that were considered were between 1970 to present to see the
changes in the 2nd century of the industry. In addition to that language was restricted to
English.
The search was further refined to obtain articles that were relevant to the research
question. The keywords had alternative options and synonyms like – automobile industry or
car industry or automotive industry and business model* or business strategy or innovation
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strategy. Another field was added to refine the search and limit to only industrial evolution or
industry lifecycle or industrial dynamics, and technological change or innovation and history.
The articles were selected based on quick reading technique with a primary reading
of the abstract and findings of the papers obtained. The journals that were common from the
search were Technology analysis and strategic management, International journal of
automotive technology management and the journal of business strategy.
To gain a broad perspective about the topic the trends in the auto industry Google
cars, Volvo group, Tesla to mention a few, and traditional OEMs as well as other new
emergent in the field were followed. Having understood basics in the literature, sone
interviews were conducted to know more about the perception of the technological changes
as well as business model innovation from the industrial perspective.
The primary criteria was to look at firms in the auto industry, established firms – both
OEMs and tire 1 suppliers. As for the interviewees, seniors with fifteen years of experience
within the industry were the first choice, followed by employees with comparatively lesser
years of experience to see if there is a variation in the though perception with ADAS
technology as the future of auto industry.
The first interview was to understand the terminologies and definitions used in the
industry and to translate it into academic writing. From then on, the main goal was to set the
interviews as early as possible to collect the data. There was always going back and forth
from the data collected and the interview data to match the technological advancements and
finding its event pair of business model change. The interviews were transcribed within hours
of the interview to ensure no loss of data. The transcribed documents were also sent to the
interviewees for a review. The data was then sorted based on the characteristics described in
section 2; mapping out of event pair and triangulating it with the secondary data and
following interviews. This is discussed further in detail in the following sections.

Methodological Choices
Methodological choices are based on (M. N. K. Saunders, Lewis, & Thornhill, 2015)
a ‘research onion’ as represented in the figure 11. Characteristically, an onion is to be
peeled layer by layer starting from the outside all the way to the inside. By following that
principle, the philosophy behind the research design is first discussed, followed by research
approach, research strategy, research choice, time horizon and lastly, the data collection and
analysis technique.
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Figure 11: Research onion (Saunders, Lewis, & Thornhill, 2015)

Philosophy
Research philosophy governs the assumptions and beliefs that are involved in
developing a certain theory of knowledge (Saunders, Lewis, & Thornhill, 2015). There are
five research philosophies that the business research can align towards. They are Positivism,
Critical realism, Interpretivism, Postmodernism and Pragmatism. To align towards a specific
governing philosophy, axiology, epistemology, and ontology definitions are studied in
comparison.
To understand how technological innovations, lead to a business model change,
certain beliefs on the definition of innovation, technological innovation, business model
changes as well as technological changes are initiated, that are kept constant and carried
forward throughout the entire research. This thesis is aimed at understanding ADAS as a
technological innovation and the possible influence of this innovation on a business model
change. To answer the research question, theoretical definitions are studied and aligned with
practical knowledge in each of the contexts; this thesis also emphasizes on a practical
outcome owing to the development of a future practice (development of ADAS). Drawing
from these, it can be seen that the research is aligned more towards a pragmatic approach.
To comprehend the developments in the auto industry and its future, interviews are
conducted with ‘experts’ in the industry. Since it is human nature to not have the exact same
viewpoints or even have dissimilar views on a particular topic (Scotland, 2012), multiple
meanings and realities are involved along with an individual’s thoughts and emotions
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concerning the topic (in this case, advancement of technological innovation in auto industry)
were analyzed and interpreted as well. The conceptual model created for the analysis of the
thesis involves an understanding of technological innovations and its resultant business model
change, and perceptions of the experts from the field were also given importance to validate
the model. Since this interpretation is dependent on the researchers’ perception and reflexes,
the research is taking support of interpretivism approach. It is to be noted that the research is
carried forward with a more rational approach, with awareness of the interpretations involved.
Research Approach
There are three approaches for theories of development - Inductive approach, which is
based on building a theory, Deductive approach which is to verify a theory, and Abductive
approach which is a combination of the two, i.e. either theory generation or modification
(Saunders, Lewis, & Thornhill, 2015).
Understanding the technological innovations in the auto industry and its corresponding
business model changes is central to the research. Some of the major innovations that have
happened over a century in the auto industry is analysed in depth and is illustrated on a
conceptual model. This grouping of the technological changes onto a model is required to
understand a specific concept and generalizing it. The technological innovation was first
classified based on its characteristics, followed by its influence on the business model. A
certain pattern was found when this analysis was made, thus resulting in the conceptual model.
However, the conclusions drawn were verified by ‘experts’ in the field and were not completely
tested. Drawing on this pattern it can be noted that an inductive approach is to be used, where
a feel of the characteristics of technological changes owing to the resultant business model
change is comprehended, to better understand the phenomenon of impact of ADAS technology
on business model change.
Research Strategy
Research strategy is a course of action that is selected to reach a goal (Saunders,
Lewis, & Thornhill, 2015). The book authored by (Saunders, Lewis, & Thornhill, 2015)
presents with 8 different techniques for research strategy. They are: narrative inquiry,
grounded theory, action research, ethnography, case study, archival research, survey and
experiment.
Data pertaining to the auto industry has been examined in detail for the analysis of this
thesis. Sticking to the true essence of a case study (Zaidah & Zainal, 2007) this report explores
and investigates the contemporary phenomenon in the auto industry with the help of real-life
scenario, i.e. the technological innovations that lead to a business model change in the auto
industry, with the prospect of understanding how ADAS technology would have an impact on
the business model. To answer the research question, an in-depth study of available literature
was performed along with interviewing ‘experts’ in the field. Narrative inquiry was used as a
strategy for interview where the interviewees were asked ‘how’ and ‘why’ questions (Coffey
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& Atkinson, 1996; Saunders, Lewis, & Thornhill, 2015) pertaining to the technological
innovations, the ADAS technology in particular and its influence on the business model. The
interview had a theme set for the background for the following questions and in-depth
individual interviews lasted somewhere between 30 minutes to 120 minutes, focusing on the
story (narration) by the interviewee which resulted in large transcripts that had to be analyzed
and decoded. Owing to this nature of research that was performed for this thesis, it can be
said that it is a form of explorative case study approach on an industrial level of analysis with
support of narrative inquiry.
Research Choice
There are 2 broad methodological choices, i.e. mono method and multiple method,
each of which can be class either as qualitative or quantitative, or a combination of both. To
understand the current trend in the auto industry with respect to ADAS technology,
interviews were conducted analyzing the views of experts in the field. To expand the quality
of the answers, data from secondary literature sources were also studied and compared. The
interviewees were also asked about their views on what a technological change is and what a
business model change is, and this was matched with the data from the secondary sources.
This provided the research with a greater support in terms of analysis and interpretation. A
multi-qualitative method was used keeping in mind the purpose of the thesis, i.e. to
understand the influence of ADAS technology resulting in a probable business model change.
The research focuses on insights to the new development in the auto industry by learning
from the past, and to support this, non-numeric data that is not quantified, i.e. Qualitative data
is used
(Bryman &
Bell,
2013;
Saunders,
Lewis, &
Thornhill,
2015)

Figure 12: Research Choice Adopted from Methodological choice (Saunders, Lewis, & Thornhill, 2015)
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Time Horizon
There are two - time horizons to choose from (Saunders, Lewis, & Thornhill, 2015).
One is cross- sectional studies and the other is longitudinal studies. In a cross-sectional study,
a particular phenomenon is analyzed in a sense that the incident of the phenomenon is
described, at a particular time. Whereas a longitudinal study uses data that is available over a
period of time which is similar to a diary (of events) (Saunders, Lewis, & Thornhill, 2015).
This study makes use of longitudinal time horizon since the aim is to analyze and establish
the relation between technological changes and the business model changes in the auto
industry. To do so, data from the beginning of time of the auto industry (1886) is used, which
means that it involves a large amount of historic data that is used to draw conclusions and
present a conceptual model.

Data Collection Techniques and Procedure
To answer the research question ‘how technological innovation have led to a business
model change’ both primary and secondary data are used and triangulated to enhance the
quality of the report.
Secondary Data
The documented secondary data is defined as “…the data that can be transferred
across time and space that could be reanalysed for a purpose different to that for which was
originally collected” (Saunders, Lewis, & Thornhill, 2015).
The secondary data that this research uses are in the type of documents both text and
non- text format, longitudinal sources as well as compiled data from journals and books. The
data from secondary sources were selected based on the relevance to the research question,
purpose of the research, and most importantly the number of views/ citations/ downloads the
content had. Initially certain parameters were defined and search terms were generated.
Secondary data provided the basic knowledge of the concepts that would be used for the
report. Concepts like technological innovations, technological changes, business model
innovation and business model changes were understood irrespective of the industry in
concern. Articles from journals, blog entries, Auto magazines, Tech magazines, videos and
vlogs were searched and the content obtained were evaluated based on the parameters
mentioned above. The resultant document along with some primary data formed the initial
framework for the thesis.
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To formulate the purpose, create a context for the thesis and to support the
formulation of research question, blogs, magazines, newspapers and interview transcripts
were used. Online channels, news, media accounts and voice recordings were also used to
support the argument throughout the thesis. Since this study is set in a longitudinal time
horizon, data compiled in industry reports journals and books were analysed and studied for
the formulation of conceptual framework presented in this report.

Figure 14: Creation of framework

To comply with the findings of the secondary data, contemporary information was
Figure 13: Data Sources Adopted from (Saunders, Lewis, & Thornhill, 2015)

gathered with the help of primary data sources.
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Primary Data
The primary data that is used for this research is that of a narrative, semi-structured, indepth interview. The interviews in the form of either telephonic or face to face interviews.
Semi structured interviews were used to understand and build the purpose along with
research question and in-depth interviews were used to understand the broader aspect leading
to the construction of the theory. Theoretical sampling along with the combination with the
convenient sampling was used since the focus was to form an informed emergent theory and
the credibility of the finding is important to validate the research (Saunders, Lewis, &
Thornhill, 2015). Where ever possible, face to face interview was chosen as it is convenient to
understand the emotions of the interviewees and telephonic interview process was used where
distance was a major issue.
Selection of Interviewees:
To understand the contemporary developments in the auto industry, experts in the field
were interviewed. The point of departure for selection then rested upon the convenience of
availability, firm contributing to the emerging technological development (ADAS technology)
in the auto industry and the position the interviewee would hold in the firm. Then on theoretical
sampling was used to support the induction analysis where the participants were chosen
purposively to support and provide interpretation of concepts that continuously evolved along
a story line. The first interview was conducted to understand the relevance of this research in
the modern context and the contribution it could provide to the recent developments in the auto
industry. Each interview led towards setting the theme for further interviews thus providing a
holistic understanding of the concepts. The interview that followed were mainly to understand
the evolution of auto industry in terms of technological innovations which resulted in a change
in the outlook of business model.
Table 2: Interview Details

Sl. Interviewee
no. Name

Firm and country Date of Duration of Position in
interview interview the firm

Type
of
Interview

1

Lars Reger

Face - to - face

2

Ulrich
Helfmeier

NXP
Semiconductors,
Germany
Faun
GmbH,
Germany

3

Leif Börger

4

Georg
Sandkühler

9th
February,
2018
12th
February,
2018
Faun
GmbH, 13th
Germany
February,
2018
Faun
GmbH, 14th
Germany
February,
2018

60
minutes

CTO
Automotive

90
minutes

Senior expert Face - to - face
TEC

75
minutes

R&D lead

Face - to - face

90
minutes

Director
at
R&D

Face - to - face
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5

Jabez
Dhinagar

TVS Motor
company, India

17th
February,
2018

50
minutes

6

Madhavan
Ramabadran

Volvo
Sweden

60
minutes

7

Anonymous

(Startup), China

8

Manu Saxena TVS Motor
company, India

25th
February,
2018
28th
February,
2018
1st March,
2018

9

Lars
Andersson

Volvo
Sweden

cars,

8th March, 120
minutes
2018

10

Peter
Ewerstrand

Volvo
Sweden

cars,

2nd May, 90
2018
minutes

cars,

45
minutes
60
minutes

Vice president Telephonic
–
Advanced
engineering
Cost engineer Telephonic
expert
Logistics
Telephonic
expert
consultant
Vice president Telephonic
–
Business
planning
Manager
Face - to - face
F&TO
Strategy
Senior
Face - to - face
Director
Innovation and
Technology
Management

Interview Procedure
An appointment with the interviewees was booked at least a week in advance and they
were informed about the generic theme of the interview. Upon the commencement of the
interview, a short introduction about the researcher along with a brief outline of the research
was presented. The interviewers’ permission was taken before the initiation of any electronic
recording. The ethics and confidentiality terms as presented by M. N. K. Saunders et al., (2015)
were discussed and the use of interview data was also discussed. The interview then
commenced with the understanding of concepts of technological innovations, business model
and business model changes.
“What are the current changes pertaining to the development of ADAS technology and how
would they affect the business model in the future?”
“What are the top technological innovations in the auto industry from the beginning of time
and how have they led to a change in the business model?”
“Why do technological innovations occur?”
“Why do business models change?”
These were some of the questions that remained constant throughout all the interviews.
The interviewees were generally asked ‘why’ and ‘how’ questions on the theme of “impact of
technological innovations and its impact on business model changes” with a focus on ADAS
technology and in general the history of the auto industry and a predictive future it holds. The
interview proceeded with the respondents’ perception and outlook on the topic. At the end of
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the interview, the respondents were thanked profusely for their participation and the ethics and
confidentiality anonymity was reinforced. A follow-up email was sent out in case of any
clarification that was necessary. The interviews were documented and transcribed immediately
after the completion of the interview.

Data Analysis
Primary Data Analysis & Interpretations from interview
As far as primary data is concerned, a total of 10 interviews were conducted for this
research out of which 60% (6/10) were face to face interviews and 40% (4/10) were
telephonic. The duration of the interview was anywhere between 45 minutes to 120 minutes.
The firms within which the interviewees were chosen included tire 2 suppliers to the auto
industry – NXP semiconductors and OEM’s like Volvo cars, Faun GmbH, TVS Motor
company and ABC.
The transcripts obtained from the interview was mainly used for understanding the
current context of the auto industry. The data was categorized based on certain headings
under which the technology and its impact were to be analysed. It comprised of an
introduction to the technology followed by trying to understand why this particular
technology would be the next big disruptor in the auto industry. This was then followed by
effects of the technological change, i.e. the influence of ADAS on the business model. The
data was used in formulation of the purpose of the thesis, setting the theme as well as
supporting the secondary data. In addition to this, a section of Analysis and Discussion is
dedicated to understanding the influence of ADAS technology innovation on the business
model change.
Secondary Data
This thesis mainly uses secondary data for constructing a conceptual framework as
well as a conceptual model that is developed for better understanding of influence of
technological changes on business model changes. To analyse the influence of technological
innovations on the business model, it is first important to pick the technological innovations
that have contributed significantly to the change of a business model. From interview data, it
was evident that the innovation that happens in the auto industry is classified into two
segments: Product innovation and Process innovation (Interviewee J). Technological advances
in this regard were analysed from top tech magazines and auto blogs. The innovations that
were chosen for further classification and analysis were based on the highest discussions each
of the technological innovation holds as well as the availability of additional data from
journals and books to support the same. These technological innovations that were chosen
were also verified for their relevance during interviews.
The data that is collected is further triangulated along with primary data for a complete
construct in understanding the influence of the technological innovations on the business model
changes.
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Research Design
To sum up all the methodological choices and research flow that, research design is
discussed. The concepts related to technological innovations and business model
characteristics in the auto industry have already been discussed in the literature review section.
After having defined the characteristics of technological innovations, interviews with industry
experts were conducted to gain more insight on the trending disruption of ADAS technology.
The technological innovations used for analysis were chosen based on the interviews and from
SAE International. These innovations were then discussed based on the innovation
characteristics and the influence it has on the business model. The analysis section presents the
classification of technological innovation based on the pivotal automobile components
followed by representing the technological innovations on a transilience map adopted from
(Abernathy & Clark, 1985; Henderson & Clark, 1990b). The conceptual model that is created
to understand the influence of technological innovations on business model changes is then
presented followed by the analysis of the chosen twenty innovations on the transilience map.
The discussion is then lead with the reconstructed data from the interviews focusing on the
influence of ADAS technology on the business model. Conclusions are then drawn based on
the findings from both primary as well as the secondary data.

Figure 15: Research design
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Scope of Access and Research ethics
This section is dedicated to determining the quality of the report based on three
aspects: Reliability (dependability), generalizability (Transferability), and validity
(Credibility); in addition, addressing the limitations of the research.
As a student performing this research, the role adopted is that of an external
researcher (M.N. K. Saunders et al., 2015) in search of identifying the suitable interviewees
who can be deemed as industry experts. It was important to gain the trust of the interviewees
so as to have a meaningful conversation. This leads to the question of reliability. Reliability or
dependability refers to replication and consistency … to replicate the research design and
achieve same results (Saunders, Lewis, & Thornhill, 2015). Since this thesis makes use of
Interpretations of primary data, each individual is entitled to their own unique opinion. The
answers would depend on how the questions are designed and also on the time period the
conversation is happening (i.e. the stage in lifecycle the technological innovation is). Looking
at the secondary data sources, since they would not change over time as the data is recorded in
journals and blog archives, the interpretations drawn by a research would tend to remain the
same given the context. To ensure dependability of this research, recordings of the changes
during the course to account for the current research focus was done.
Moving on to the concept of validity or credibility, it refers to the appropriateness of
measures used (Saunders, Lewis, & Thornhill, 2015). During the interviews the context
behind the research was briefly explained to ensure that the interviewees and the researcher
(author of the thesis) were in the same page. The interviewees were asked permission before
any recordings were made. The transcripts were created at the earliest to make sure that data
is not missed. In case of any clarifications that were required, a follow up email was sent.
Triangulation was performed to ensure validity, to add depth, complexity and richness to the
research (Saunders, Lewis, & Thornhill, 2015). Data from multiple sources were analysed
and put together, i.e. historical data and interview data were compared to build on the
analysis of this thesis. In addition to these, a log book was maintained to record the work
progress through the duration of thesis, conversations and feedbacks during supervision and
seminars were noted down.
A detailed description of the research question, the purpose, methodological choices
used, empirical data obtained, and analysis is presented to ensure that this thesis can be
transferred to another suitable setting to ensure transferability. It is said that innovations of a
given type appear in clusters, and that the temporal pattern of innovation is closely linked to
the overall evolution of the industry (Abernathy & Clark, 1985).
“Reality is regarded as being socially constructed and multifaceted” – (Lincoln & Guba,
1985)
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4. Empirical data
This section presents the findings from the primary data and secondary data. The first
section consists of the results from the interviews categorized into two tables, one for general
discussion around the technological innovations and business model change in the auto
industry and the other including the interpretations with respect to ADAS technology. This is
then followed by reasoning of selection of various technological innovations over time and
their influence on business model changes.

Results from interviews
Mr. Lars Reger, who is the CTO of Automotive division of NXP Semiconductors,
located in Germany, was the first of many interviewees to come. This was a face-to-face
interview. At the beginning of the discussion, a brief description of the research idea was
presented, followed by a 1-hour monologue by the interviewee where he expressed his
opinions and standpoints as a leader of innovation, contributing in the development of latest
technological innovation (semiconductors) which proves to be the basis of any ADAS
equipped cars. He provided valuable insights on how the auto industry has evolved from a
concept of ‘horse-drawn carriage’ to the new era of ‘computers on wheels’. The narrative also
included the impact of this technology on the way business is done in the industry, the
customer as well as society at large. This interview set the backdrop for this thesis and further
interviews were scheduled based on the understanding of the concepts.
The second company that was chosen was Faun GmbH, which is also located in
Germany and three interviewees were chosen based on their position in the firm and the
interviews that were conducted were all face-to-face. The average interview duration was 90
minutes. During these interviews, the focus was primarily on how technological advances,
mainly ADAS would have an impact on the customers as well as the auto business.
Challenges that this new technology faces in the auto world and its acceptance by the new
generation of customers as well as the automakers were also discussed. It was also proposed
by Mr. Leif and Mr. Ulrich that new emergent, especially from the Information and
communications technology (ICT) industry alone cannot be the face of this new change since
the expertise in of building an automobile lies within the OEM’s in the auto industry. Mr.
Georg on the other hand had a positive outlook on the collaboration of firms between the ICT
and Auto Industry. However, when the talk was about the technology itself, It was evident
that the advances definitely are from the ICT industry and the technology is pressed onto the
auto industry. Barriers for ADAS technology to came into spotlight and discussions lead to a
finding that the technology is not yet mature and would definitely take a considerable amount
of time (anywhere between 20 years to 60 years) for its implementation to see the effect it is
said to have on the society. To get more insight on this topic, more interviews were
scheduled.
An interview with the Vice President of Advanced Engineering, Mr. Jabez Dhinagar
from TVS Motor Company, India, started off with the idea of how the auto industry has
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always solved the customer’s problem. The interviewee also proposed the concept of auto
industry driven by 3 axes: Regulatory changes, Customers, and Driver as a variable. It was
interesting to understand how regulations were driving the technological innovations from the
1980’s, understand the customer’s behaviour on buying and using an automobile as a means
of transportation, and the factor of driver as the third variable - the most expensive and
riskiest component of an automobile - to be soon eliminated. Since the location of the firm
and the interviewee was at quite a distance, a telephonic interview was setup with the call
duration lasting close to an hour.
Mr. Madhavan Ramabadran working as a cost engineer expert at Volvo Cars Group,
Sweden provided his views on the adoption of ADAS technology and self-driving cars from
the perspective of a customer, as well as a business standpoint. The focus was mainly on how
this disruptive technology is going to be the face of the new auto industry in comparison with
that of electric vehicles.
Following this was an interview with Anonymous, who has experience working in
traditional automobile manufacturing, logistics and supply chain currently working in a startup
firm which is working on development of disruptive technology. The telephonic conversation
lasted for 45 minutes where topics varying from the history of automobile to the current
trends and perspective to look into the disruption to come. Technological innovations that
have happened in the 131 years of auto industry were a highlighted. The narration mostly
focused on how the business models have changed over the previous years and what
technological innovations have led to this change.
Classification of auto industry along with the need for technological innovation was
provided by Mr. Manu Saxena, who is the Vice president of Business Planning in TVS Motor
Company, India. Some important factors that are shaping the auto industry such as the policy,
customers, and infrastructure were emphasized during the 1-hour call. The need for mobility
and status of owning a car was discussed in terms of ADAS technology with a lens of the ‘need
gap’ that is created by the customers. A new track/disruption, i.e. autonomous driving was
conversed both in the perspective of a customer as well as from a business perspective.
After having decoded the previous interview data, clarifications with respect to
advancements initiated by OEM’s and the problems faced in the auto industry was discussed
with Mr. Lars Andersson, who is the Manager F&TO Strategy for Volvo Cars group, Sweden
and has had 35 years of experience in the auto industry. The face-to-face interview lasted for
2 hours. During the narration, Mr. Andersson also provided valuable insights on the outlook of
auto industry 5, 10, 20 and 60 years form present. In addition to this, information on Volvo’s
initiative for the preparation and contribution towards this disruption with ADAS technology
was discussed and additional materials to aid the clarification of the discussions were provided.
Having analysed both primary and secondary data, a final interview was scheduled with
Mr. Peter Ewerstrand, who holds the post of Senior Director Innovation & Technology
Management at Volvo Car Group, Sweden. This interview was mainly to get some clarification
on the model created by the author and to verify the technological innovations that were chosen
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and the impact it has on business models. The interviewee provided some validation on the
model and the face-to-face conversation lasted for 90 minutes, with an additional discussion
on the topic of disruption itself.
Putting the conversations in perspective, the following 2 tables are used to categorize
the information that was made available during the interviews. The first table brings a broad
picture of some of the technological innovations that have resulted in a business model
change, the factors that have imposed on the industry to innovate, and a belief of what is to
come. The second table is mainly focused on ADAS technology, bringing into light as to why
ADAS technology is considered disruption, how long it would take for this change to happen,
and effects it would have on the auto business and the customers.
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Mass production;
drive; IC Engines

Electric Regulation changes

42

Technology diffusion,
communication, assistance
systems and technology
advancements in the IT industry
will be prominent.

There is always a ripple effect when
any innovation happens. Innovation
happening in either one of the
following: automobile - either product
or process, innovation on the way
business is seen or done, consumers
and society; will have an impact on the
others.

Noteworthy Points

Leif Börger

Policy changes – emission The concept of “computer on
control; Safety
wheels”, where a car is
systems
completely autonomous, and
drivers are removed/ replaced
with advanced technology.

What changes have been What does the future hold?
imposed on the industry

Autonomous driving will be the Trust on the major OEM’s is taken for
future, with the current OEM’s granted when it comes to safety.
(automakers) leading the change.

Major technological
innovations in the auto
industry that have had an
impact on business model
change
IC Engines; Infotainment
systems (such as Maps, GPS
and drive by wire)

Ulrich Helfmeier Anti-lock braking system
Tax, Insurance
(ABS) –
An
unconscious assistance
system; IC Engines

Lars Reger

Name of
interviewee

Table 3: Empirical data from interview (General Information of auto industry)
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IC Engines; Electric motors;
Engine transmission; Vehicle
systems; Production process

Manu Saxena

-

Auto industry works for the customers
and is pressed by regulatory changes.
Driver is the most expensive and liable
variable in a vehicle and has to be
removed.
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Policy – emission control Electric cars are going to be a
Innovation happens in 3 tracks –
and regulations; Growth technological breakthrough that Engines, vehicles and production. WW1
of Road transportation would be bridging the ‘need gap’ has had a major impact on the
system;
of the customers
development in the auto industry.
Infrastructure changes,
Automobile moved from need provider
WWII
to a status symbol

The disruption has started and
Cars till 1970's or 80's have been more
will be led by the new emergent: of a mechanical machine. Over the last
Firms like Google, Intel, Nvidia. 100 years, the changes are more linear.
Mechanical standpoint - the growth is
linear and steady. But in electronic
standpoint the growth is large.

Safety features; Transmissions
– ICE, Hybrid engines, Fuel
cells, Electrification;
communication (infotainment
and electronics); Vibration
management; ABS;

Mr. Anonymous

Safety requirements;
Regulatory changes

IC Engines; Electrification;
Active Safety; Tax Relief People are slowly imbibing
Safety belts; airbags; Integrated
for electronic cars. Soon they will
circuits; Material on body –
environmental friendly accept self-driving tech also.
metal composite; Material of
vehicles;
engine (Cast iron to Aluminum)

Madhavan
Ramabadran

Everything will become shared
mobility - most vehicles will
become driverless - more
organized and less chaotic

ADAS will be the future and it is already changing the industry
now; Self driving technology will
definitely disrupt the industry.

Removal of tail pipe (electric); Regulatory changes Streamline body; Low carbon Emission control,
emission technology; IC engine;
Mass production;

Pollution control; need
for environmental
friendly cars; oil crisis

Jabez Dhinagar

Georg Sandkühler IC engine; Safety Systems;
Electric Drive; Telematics;
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IC

Peter Ewerstrand

engines;
WW1; WW2; great
Automatic, transmission; financial
crises; oil
Cruise control, Electric
crises; Environmental,
vehicles;
Safety
issues; Regulatory safety
systems;
Mass
control
production, Connected
cars; ABS;

New fuel sources; Break system; Oil
crisis;
Connectivity of vehicles;
Environmental push;
Electronics; Electric motor
Legal requirements on
pollution reduction

Lars Andersson
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Self-driving cars would change
the business model. Battery
operated cars however will be
seen with major adoption in 20
years.
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Technology development has been
going on for many years – even if it is
not in the car industry. There is a
possibility that combustion engines are
gone in 20 years.

Connectivity and ADAS will be ADAS will change the business model.
the disruption in the auto
Volvo’s initiative ‘care by Volvo’ is a
industry. To survive in the future, step towards how to lead the disruption.
a firm has to look at itself as a
service provider.

It will take a long
Need to trust the
time as it hangs on
firms for
path dependency and collaboration.
levels of complexity to
be analysed. At least
twenty years to see
some changes.

Ulrich
Helfmeier

Lars Reger

How long will it take Effects of ADAS on
for ADAS technology Auto biz
disruption to have
an impact on
Business Model
Electronics
is
taking the
main
focus.
There would be
private fleets or
organizations who
would own the car
Impact on
insurance.
Newer regulations
to ensure ‘damage
control’

Name of
interviewee

Low production capability.
Security issues.
High level communication
required.
Developments of sensors,
radars, lidars, etc.

Challenges for ADAS

A car would become a Interface issues – The more
connected device
electronic
components –
more complicated the system
becomes for the user.
Data safety – Trust between
actors for collaboration.
Infrastructure to support the
system.
system.

Users will not own the
car.
Greener society.
No
more parking
space required.
More safety.

Effects of ADAS on
Customers

Table 4: Empirical data from interviews with respect to ADAS Technology

Masters in Industrial Management and Innovation | Halmstad University

45

Autonomous cars operate without
emotions = reduced accidents, and
concerns.
Autonomous cars would increase
comfort and reliability.

Barrier free technology – smart
technology will have a major impact
on the auto business

Noteworthy Points

Businesses are run
on profit - google or
tesla is at currently
leading because of
the way business is
seen.
everything
available.

becomes developed
for
commercialization.

mass

There are a set of
Auto industry is driven by 3
individual
customers axes: Regulatory changes,
who needs
consumers and drivers. The
autonomous vehicles riskiest component of any
and are willing to pay
automobile is that of driver
more money.At
a and has to be removed. The
certain point
technology is yet to be
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Technology
absorption
will
happen in the next 3
to 5 years as the
product development
time is generally 3
years in
the
auto
industry.

Jabez
Dhinagar

Georg
Sandkhüler

“The complete
Trust between the
A car for everyone
Definition
of
laws The OEM’s currently will have stay
adoption of this
players has to be high (young to old)
and regulations; Traffic
strong and not the emergent due to
technology will not
(Suppliers and
Density; trust in the system. the strong command in knowledge of
happen for me to
OEM’s)
physics behind motion.
witness it”
It would take more
than 60 years for
atleast one city to
completely accept this
new system of
transportation.
IC
Engines, Mass Mergers and
This will be a great
Development in sensor
Production, Safety
acquisitions will be development – making it technology has a long way to
systems, Electric drive prominent. Selfeasier to connect people go.
Driving cars will be a between cities.
new paradigm.

Leif Börger
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By 2025 – there will Merging with the
be at least 10% of
Telecom industry
autonomous driving would result in the
cars around the world. next get cars,
The Major disruption
will be a combination
of electrical and
autonomous vehicles.
For a complete change
it will take about 5060 years.

Customer
adoption
and buying pattern has
to be understood and
changed accordingly

Mr Anonymous Last 10 years, an
“Value offered – will Cars would be used as
exponential growth is be that of a seamless smart robots – an app
seen in the electronic connectivity”.
used to hail a ride from
stand point. The future Insurance policies – point A to point B.
will soon be taken
companies that builds Reduce ownership,
over by autonomous the car should own increase share riding,
driving
the car. It would be increase efficiency in
about selling an
utilization of vehicles,
experience and not and even shopping.
just a car.
Would be
used
more my
e- commerce
companies.

Madhavan
Ramabadran
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Ownership of Technology –
either proprietary or
opensource. High
bandwidth (for data
collection), good
infrastructure and high-tech
software is needed.
Aspects of standardization in
terms of regulations and
governing policies.

Technical
perspective:
Colour sensing, Accuracy,
Supportive infrastructure,
sensors, animals and
pedestrians, lane changing.
Understanding consumer
behaviour and adoption
pattern.
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Looking at fringe benefits – Many
new industries will spawn up.

New model will be to look at car as a
new digital companion.

Business model evolves over a period
of time and the change cannot be
seen instantly.

IC
engine will not
vanish
completely - customers will have
both – like a plugin – similar to
hubrid.

Concern as to who Understanding and
will be the service
Providing the right
provider.
customer attributes.
Understanding who Early evangelist will
the disruptors are and adopt quicker to this
partnering with them change.
(Uber).
OEM’s have to see
themselves as a
service provider.

Lars
Andersson

If you look at car as a
mode of
transportaion to get
from place A to place
B – then a quicker
transition can occur.
Looking at it from a
social status
perspective- it will
take considerate time
to adapt to this
technology. 60 years
from now- there will
be a greater tate of
adoption

Change
from Need is shifting from
personal ownership owning to a need of
to
fleet
mobility.
management.
Need to understand
and solve the new
“customer
need
gap”.
Policy is becoming
the enabler of auto

Manu
Saxena
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Driver of a business model change
and technological innovation is in
finding the available need gap of the
customers that a firm chooses to
position itself.
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Rate of adoption. Planning The auto industry will always be
dominant in terms of understanding
of
infrastructure;
Development of technology. the customer attribute – that’s the
advantage the OEM’s have.

Policy challenges
and
environmental concerns.

It will take 20 years

for
ADAS to
revolutionize the
whole industry.

Peter

Ewerstrand

industries.
How to sell/ operate
cars.

Collaboration of

-

Masters in Industrial Management and Innovation | Halmstad University

49

The role
of automakers
would
strategy for getting revenue become that of a supplier (a tire 2
into the firm.
supplier like Boeing) and the tire 1
Safety – in terms of hacking suppliers in the auto industry would
the software for theft of
be
the
one
who
provides
vehicle
transportation.

Finding the right marketing
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Technological innovations
This section presents the reasons for selecting the technological innovation that have
had a major impact in the auto industry. It has to be noted that the technological innovations
are chosen based on the leads obtained from industry ‘experts’ during the interview as well
as the topics with maximum hits on popular scientific magazine like SAE (Society of
automobile engineering) and AI-online (Automotive industries online).
The use of Internal Combustion Engine (IC Engine or ICE) is dated back to 1876
when Nikolaus Otto designed the modern IC Engines that are used currently in commercial
vehicles (Buchanan, 1998). This innovation is credited as the first development in the engine
and transmission sector of the modern automobile. It is true that the development of IC engines
has happened over centuries, but it can still be said that it is the primary driver of an
automobile (Interviewee J; Interviewee B). It can be said that due to the invention of IC
engine, a new means of road transportation system is created, giving birth to a new industry –
the auto industry (Nieuwenhuis & Wells, 1997; Orsato & Wells, 2006; Interviewee H).
Automatic Transmission which was first commercialized in 1940 is a vehicle
transmission system that eased in shifting of gears in an automated manner (Warwick, 2014).
The first vehicle which was a commercial success was Oldsmobile, released by General
Motors. This technology created a slightly new market in terms of enabling those customers
who found it difficult in managing a gear box (Tracy, 2013; Interviewee J; Interviewee E).
With greater developments happening in the auto industry after World War I (WWI)
and World War II (WWII), concerns were raised with respect to pollutants released due to the
emissions from vehicles (Orsato & Wells, 2006). Low Carbon Emission technology was
developed with an aim to stay within the regulations created to keep in check air pollution and
greenhouse emissions (Hoffert et al., 2002; Woodcock et al., 2009; Interviewee D). The
technological developments concerning the development of engines in this section started in
1950’s and has evolved since (Hoffert, Caldeira, Benford, Criswell, Green, Herzog, Jain,
Kheshgi, Lackner, Lewis, et al., 2002). This however did not seem to affect the way the
business was carried out or even the customers. However, tax regulations did play an
important role in terms of revenue and costs incurred by a firm. The lower the emissions from
an automobile, the lesser the firm has to pay the government, and the initiative could be
attributed to General Motors (Geels, 2012).
To reduce the problems related to fuel consumption, change in the use of material
from Cast Iron to Aluminum was introduced in 1962 (Orsato & Wells, 2006; Interviewee
D; Interviewee G). This technological advancement did not seem of have much of an impact
on the customers, the value proposition it has to offer, or even the value network of the
business. Nevertheless, this technology has had considerate impact on cost cutting during the
production process (Orsato & Wells, 2006).
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Yet another technological innovation in the engine and transmission sector of an
automobile was the commercialization of Hybrid Engines (Interviewee J; Interviewee A)
which happened in the year 1997 with the launch of Toyota Prius, followed by other car
models using hybrid technology for the fuel source by leading automakers in the 2000’s
(Lake, Wuebbens, Rajagopalan, & Schindelin, 2001). It has to be noted that Hybrid Electric
Vehicles (HEV) is a combination of ICE and electric propulsion systems for better fuel
consumptions (C C Chan, 2007), and is a possible option for the future of auto industry (John
& Ijeoma, 2011). There have been a lot of customers who are aware of the environmental
issues and are willing to opt for HEV’s even in spite the high costs. The developments of
HEV involved a number of collaborations between firms from different industries, which
resulted in a change in the way business was done (C C Chan, 2007).
Fuel cell technology (FCV), which became commercially available by 2013 is a less
spoken-of technological innovation (Interviewee J; Interviewee A; Interviewee B) but is
definitely worth for discussion as it uses naturally available sources like oxygen from air and
hydrogen to generate the power required to run a car; and is emission free (Chan, 2007; Union
of Concerned Scientists, 2018). This resulted in a new customer segment, those who were
aware of their environment, cared about the ecosystems and leaving behind carbon footprints.
Ever since the introduction of mass production came into existence, more and more
consumers wanted to own an automobile, and streets were soon bustling with cars. The
customers wanted them to go much faster and ‘racing’ has always been central to this industry
(Paolozzi, 2003). To reduce the frictional force at high speeds, automakers started designing a
more aerodynamic body since the 1930’s (Interviewee D), which would allow the car to
travel at high speeds without any drag caused due to the wind (Hosder et al., 2001; Dym,
Agogino, Eris, Frey, & Leifer, 2005). This was an improvement to the existing design and
thus no new value was created as such. A new production process however was introduces,
but this did not result in a major change in the business or the value chain as such.
To get to a 1:1 ratio for the highest aerodynamic body design, many engineers
contributed to the study of this technology, resulting in rendering the old box design
technology obsolete (Dym et al., 2005). Commercial car bodies though, are not called
monocoque, but instead unibody, where the skeleton is designed for to resist crash impact
and also to make the production process simplified (Interviewee D; Interviewee J). This
design was introduced to reach the economies of scale (P. Nieuwenhuis & Wells, 2007).
In addition to these innovations, material science innovation became predominant in
the years 1951 and onwards, giving rise to use of newer materials such as sheet metal
composite, carbon fiber, GFRP and plastic. These materials soon drove the older materials
obsolete and creating newer knowledge in the field (Orsato & Wells, 2006). This resulted in
reduction of cost incurred in production and since the crash safety was in place, the customers
felt safe in the automobile built with the newer materials. This went on to be a new added
value proposition to the customers.
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Looking at the innovation that has happened in the vehicle systems, the oldest could
be attributed to that of automatic drive (Interviewee E). The technology makes use of
automatic transmission systems but provides the driver a car without a gear box, which makes
it easier for the user, creating a new value proposition for the customers. This technology is
linked to that of automatic transmission (as seen under engines and transmissions) but also
falls under the vehicle system due to the elimination of gear box (Warwick, 2014).
Power steering and Power brakes were commercially introduced in 1951 by
Chrysler – the Hydraguide. This technology made use of hydraulic system and/or electric
systems to control the steering as well as the brakes, augmenting the efforts of the driver
(Lamm, 1999) followed by GM in 1952. The customers soon started to opt for this
technology as it made driving easier (Interviewee F). This has now become a ‘must be
attribute’ in every vehicle.
Cruise control was an innovation in the engine management systems which made use
of electronics systems (in case of drive by wire) and/or servomechanism system to set the
speed of the vehicle constant (Nice, 2001). The first of the commercially made available cars
was the Imperial in 1958. This technology seemed to have a considerate impact on providing
driver assistance systems to enable the ease of driving with automatic breaking systems in
combination with multiple sensor systems; also known as adaptive cruise control, and is said
to constitute Level 1 of autonomous driving systems (SAE International, 2017; Interviewee
E; Interviewee A)
With increasing usage of vehicles post WWII, there has been a constant need for
safety to reduce injuries (Interviewee A; Interviewee G; Interviewee I). Safety belts were
designed and implemented in cars by Saab in 1958 to ensure vehicle safety for the occupants
in vehicles, followed by the modern 3-point design by Volvo in 1959 (Andréasson &
Bäckström, 2000; Publication, 2009). Soon, laws were passed by the National Traffic and
Motor Vehicle Safety Act (Graham, 1993) which made it mandatory for all vehicles to be
equipped with certain safety standards such as the safety belt. This is similar to power
steering and is a should be attribute in every car manufactured.
Another innovation with respect to vehicle safety is the airbag, which is used to save
lives of the occupants during a collision or a crash (Tullis, 2013). Ford and General Motors
were the first to offer airbags in a commercial car in the early 1970’s (David, 2011). By the
1990’s almost all commercial cars in the United States came with the airbag safety (David,
2011; (Interviewee A; Interviewee F).
Technology diffusion from the ICT industry has been prevalent from 1950’s with the
introduction of automatic transmission (Interviewee H; Interviewee I). But in the late 1900’s
concepts like drive by wire, or steer by wire, was introduced to ease the driving control
systems and also to decrease fuel consumption (Dittmer, 2001). The use of electronic
components and decreasing the mechanical components started to become a trend and required
more technological capabilities to make it a reality (Jancer, 2013; Dittmer, 2001; Interviewee
A; Börger, 2019).

52

Masters in Industrial Management and Innovation | Halmstad University

The use of telematics such as GPS, Navigators, wireless communication systems, and
automatic driver assistance systems became an integral part of the modern car around 1995 and
was used to make life easier for the user (Zagoudis, 2011; Interviewee B; Interviewee I). This
technology was mainly used by managers to keep track of their fleet and also for container
tracking (Zagoudis, 2011).
The most spoken of innovation in the field of Infotainment and Electronics systems of
a vehicle is that concept of connected cars (Interviewee E; Interviewee A). Connected cars
are swarming the market with high grade telematic equipment enabled in the vehicle, with a
possibility that a car in the future could be used as a credit card or even as a shopping cart
with a press of a button, just like an app (Interviewee B; Turner, 2011).
Looking at the production processes innovation in the auto industry that has surfaced
and changed the way business is done, there can be 4 central processes. The technological
innovation that happened in the production process has resulted in a definite change of the
business model (Giesen, Berman, Bell, & Blitz, 2007; Hedman & Kalling, 2003). The first
and the most widely spoken about production process technology innovation is that of mass
production, a concept introduced in 1908 by Henry Ford which enabled the concept of a “car
for everybody” (Börger, 2019; Interviewee D; Interviewee E; Interviewee J). This technology
revolutionized the auto industry completely with its focus on value chain integration and a
broad knowledge base with decreased specialization. This production process reduced the cost
and increased the margins for profit; customers could then afford a one-stop solution to
transportation (Boudreau & Lakhani, 2009; Casadesus-Masanell & Ricart, 2012; Markides &
Anderson, 2006; Zott & Amit, 2010; Gassmann et al., 2014)
The ‘make more of it’ business model came up with the invent of assembly line
specialization, an initiative seen by Porsche (Gassmann et al., 2014). This focused more on
the technical knowledge that is put into designing a car with an innovation leader standpoint.
The resources in this case – the technical knowledge - is shared with other firms for generating
increased revenues (Isckia, 2009); Marston, Li, Bandyopadhyay, Zhang, & Ghalsasi, 2011).
High performance cars were born as a result of this type of innovation in the assembly line
(Gassmann et al., 2014).
The idea of mass customization, resulting in what is now called modular production
was first seen in 1962, by Lamborghini (Gassmann et al., 2014). This innovation increased
the industrial automation, and technical complexity (C. M. Moore & Birtwistle, 2004). The
customers benefited largely from this with an option of wide variety to fit individual taste with
a sense of personal involvement and emotional connection with their car (Fionda & Moore,
2009); (Hutchinson & Quinn, 2011); (Kapferer & Bastien, 2012), which resulted in greater
profits.
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Rolls Royce in 1980’s created a new production process called as ‘power by the
hour’, which focused on the process knowledge. Complex products could be produced with
the help of this innovation in the production line, which resulted in a new business model
known as performance-based contracting (Gassmann et al., 2014). This type of innovation
in the production process brought in more revenue to the firm as well as giving a sense of
controlling the cost to the customers (Chesbrough & Rosenbloom, 2002; Hypko, Tilebein, &
Gleich, 2010).
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5. Analysis and Discussions
This section presents the finding of research, which includes the classification of
technological innovations, a conceptual model which represents the transilience of business
model canvas and finally leading to discussions on ADAS technology and how it would affect
the BM changes.

Classification of innovation
The innovations that happen in the auto industry are grouped in 5 segments which
constitute the automobile components and production process: Engines and Transmissions,
Body and chassis; Vehicle systems, Infotainment and electronics, and the production process
(Interviewee J). The figure indicates the classification based on auto components under which
innovation occurs.

Figure 16: Classification of automobile components

The Engine and transmission segment includes innovation that are pertaining to the
development of the engines itself, such as the use of IC engines, fuel cells and hybrid engines,
i.e. the development in transmission (the way engine gets its power), or even the development
of the materials used to make the engine. Material science innovation paved way to the use of
different types of materials such as sheet metal composite and carbon fibre for body (chassis)
of the vehicle and the streamlining of the automobile to have an aerodynamic body are
innovations that pertain mainly to the Body and the Chassis of the automobile. The third
segment of classification is that of vehicle systems, this includes innovation like power
steering, 3-point safety belts, airbags and automatic dive. The recent addition to the Vehicle
Systems is that of electronics components. This innovation which started off in the early 1980’s
is now accountable for an entirely new division of auto components. Innovations that mainly
happen in the ICT industry such as the use of telematics like maps and GPS as a source of
navigation is diffused into the auto industry. In addition to his, drive by wire which is replacing
the existing mechanical mode of driving fall under the Infotainment and Electronic segment of
auto component. The final category that is central to the auto development is that of production
process. Major innovation in this is that of assembly line used first by Henry Ford, followed
by concepts of specialization in assembly line, modular production and so on. The following
table indicates the different innovations under these classifications which would be used for
further analysis.
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Table 5: Top technological innovation in auto industry

ENGINE AND
TRANSMISSION

BODY AND
CHASSIS

VEHICLE
SYSTEMS

IC Engine (1886)

Streamline /
Aerodynamic
body (1930)

Power steering
and Power
brakes (1951)

Automatic
Transmission
(1940)

Material (Plastic,
Carbon fiber,
GFRP, Sheet
metal composite)
(1951 to present)

Low carbon
Emission
Technology
(1950’s till
present)

Monocoque
(1962)

Material (CI to Al)
(1962)

INFOTAINMENT
AND
ELECTRONICS
Drive by wire
(1988)

PRODUCTION
PROCESS

Cruise Control
(1958)

Telematics (Maps,
GPS) (1995)

Assembly line
specialization
(1931)

Safety Belts
(1958)

Connected cars
(2005)

Modular Production
(1962)

Airbags (1973)

Mass Production
(1908)

Superior
Technology (1980)

Hybrid Engine
(1997)
Fuel Cell
(2013)

The top technological innovations that are discusses at large in the auto blogs are
considered for further analysis and are grouped accordingly. Different colour codes are used
for each segment to analyse the characteristics of the technological change and the business
model change it causes. As discussed in the literature earlier, innovation is classified into 4
types – the 4P’s of innovation (Joseph Tidd & Bessant, 2003). Product innovation and
process innovation which is central to the auto industry is used as a classification segment
under which the innovations are discussed. This innovation is then classified and grouped as
per the transilience map (Abernathy & Clark, 1985), i.e. Architectural innovation, Niche
innovation, Regular or incremental innovation and radical or revolutionary innovation.
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Figure 17: Classification of innovation According to (Abernathy & Clark, 1985; Joseph Tidd & Bessant, 2003)

Architectural Innovation
An Architectural innovation is one that orchestrates established system and discovers a
new way to link different technological components (Abernathy & Clark, 1985; Henderson &
Clark, 1990). The only product innovation that is considered as an architectural innovation is
the invent of IC Engines. (Govin, 2018; Manu 2018). This innovation has paved way to the
current state of the auto industry. Mass Production invented and used by Henry ford is also
an example of Architectural innovation. This innovation increased the number of production
of cars and thus destroyed the business of home made cars which had a very slow rate of
production (Giesen et al., 2007; Zott & Amit, 2010; Gassmann et al., 2014). The concept of
use of Superior Technology or performance based contracting by Rolls Royce is also an
architectural innovation as it used helicopter engines for car, which is very unusual and created
a completely new market segment (only for the richest of the rich) (Gassmann et al., 2014).
Assembly line specialization by Porsche created new market relationships, but also at the
same time created a new way of doing business (Isckia, 2009; Marston et al., 2011). Modular
Production by Lamborghini, is also grouped under architectural innovation as it has a
moderately high influence on technology, production process and the consumers as well
(Gassmann et al., 2014).
We can see that all the listed production process falls under the architectural
innovation process as it has impacted considerably on both the technology and the market.
And only 1 of the innovation in the engine and transmission (IC engines) segment fall under
the category of architectural innovation. One can also see that none of the innovation in the
vehicle systems, or the body and chassis or infotainment and electronics have created a
moving impact in the auto industry.
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Niche Creation
An innovation that has a considerate impact on the transilience of the customer
segment whilst conserving the technology is considered as a niche creation (Abernathy &
Clark, 1985; Henderson & Clark, 1990b). The standing example of this type of innovation is
that of the Fuel Cell Technology which is an alternate source of fuel for transmission (Ching
Chue Chan, 2007). This technological innovation has had a moderately high influence on the
technology and the production process within the auto industry and a very high influence on
the customer segment. Even till date, the technology is still being developed and only a few
own a vehicle with this technology (Interviewee E)
Regular Innovation
A regular innovation is one that focuses on minor advancements on existing products
and enforces the growth of dominant design. Most of the innovations that have happened in
the auto industry are incremental (Interviewee E; Interviewee J). Looking at the innovation on
the engine and the transmission sector, two innovations features as a regular/ incremental
innovation. The first is Automatic transmission, which is said to be the unconscious beginning
of automation in driving (Interviewee E) has had a moderately low influence on the
production process or the technological knowledge and the market. The second innovation is
that of low carbon emission technology which is a result of pollution regulations imposed
(Interviewee D; Hoffert et al., 2002). The development of this technology did not have any
considerate impact on the customers nor did it affect the production process. Focusing attention
to the innovation with respect to vehicle systems, three innovations out of four are classified
under regular innovation due to their low influence on the technological knowledge and/or
production process and value disruption in the market segment. Power steering and power
brakes which only made it easier to drive (Interviewee F); Safety belts and air bags which
were introduced to ensure safety of passengers while driving (Interviewee A; Interviewee G;
Interviewee I) are the innovations that is now a part of every automobile and is considered to
be regular innovation. In the body and chassis section, streamline or the aerodynamic body
design is featured as a regular innovation which has had moderately low influence on
technology and production process and a low influence on customers.
Revolutionary Innovation
Innovation that establishes new dominant destroying existing capabilities is known as
revolutionary innovation. Hybrid Engine which is the combination of ICE with electric
propulsion system that was introduced to reduce fuel consumption due to oil crisis (Ching Chue
Chan, 2007; John & Ijeoma, 2011) is a revolutionary innovation that has had a moderately high
influence on technology and production process within the industry and a moderately low
influence on the market segment. Another one of the innovation in the engine segment is the
use of Aluminium (Al) as a Material used to produce engines as opposed to that of cast iron
(Orsato & Wells, 2006; Interviewee D; Interviewee G). This technology however did not
have much of a significant influence on the customer’s choice or value it offered, but it did
revolutionise the production process internally by reducing the cost of production (Orsato &
Wells, 2006). Innovation on the Materials of the body, i.e. use of sheet metal composite or
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GFRP (Orsato & Wells, 2006) and the change in use of a Unibody design for a better crash
impact resistant body of the car (Dym et al., 2005; Undercoffler, 2017) were considered to be
revolutionary innovations due to the moderately high influence it had on the technological
competence and production process knowledge. Adaptive cruise control (SAE International,
2017; Interviewee E; Interviewee A) and Automatic Drive (Interviewee E) vehicle systems
innovations have been the stepping block for advancements related to the latest development
in the auto industry, i.e. automated cars. Looking at the infotainment and electronics segment
which became a significant part of any automobile since the late 1900’s, the significant
technological innovations were that of Telematics, Drive by Wire and Connected Cars. All of
these innovations are grouped under the category of revolutionary innovation as it rendered
the existing technology (mechanical systems) obsolete and needed more technical knowledge
in a new dimension (ICT) along with new knowledge in production processes (Interviewee H;
Interviewee I; Interviewee B; Interviewee E; Andersson,
2018).
It is worth noticing that most of the regular innovations or revolutionary innovations
that have happened in the auto industry are a result of policy changes on emission control/
pollution control (Interviewee H; Helfmeier; 2018; Interviewee C; Interviewee I; Interviewee
D; Interviewee J; Interviewee A; Interviewee E); need and implementation of safety systems (
Interviewee H; Interviewee G; Interviewee B; Interviewee E ), and WWI, WWII and Oil
crisis (Interviewee J; Interviewee A; Interviewee E).
The following table is a consolidation of the different technology, its level of
influence on technology and production process, and market and consumers. The sale that is
used is from low to high with four levels. These technological innovations are then mapped in
the figure that follows which is an adoption from (Abernathy & Clark, 1985; Henderson &
Clark, 1990). This gives a clearer understanding of the classification of technology per say
and the influence it has on the Market and consumers as well as the production processes.
Table 6: Table 6: Classification of technological innovation

Technological
innovation

Year of
commerci
al ization

Influence on
Influence on
technology and Market and
production
consumers
process

Type of Innovation

IC Engines

1886

High

High

Automatic
transmission
Low
carbon
emission
technology

1940

Moderately
low
Moderately
low

Moderately
Low
Low

Architectural
Innovation
Regular Innovation

1950

Regular Innovation
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of

1962

High

Low

Revolutionary
Innovation

Hybrid engines

1997

Moderately
high

Moderately
low

Revolutionary
Innovation

Fuel cells

2013

Moderately
High

High

Niche Innovation

Streamline/
Aerodynamic
design
Materials of
body

1930

Moderately
Low

Low

Regular Innovation

1951

Moderately
High

Low

Revolutionary
Innovation

Monocoque

1962

Moderately
High

Low

Revolutionary
Innovation

Automatic drive

1948

Moderately
High

Moderately
Low

Revolutionary
Innovation

Power steering
1951
and power brakes

Moderately
Low

Moderately
high

Regular Innovation

Adaptive Cruise
Control

1958

Moderately
High

Moderately
high

Revolutionary
Innovation

Safety belts

1958

Low

Low

Regular Innovation

Airbags

1973

Low

Low

Regular Innovation

Drive by wire

1988

High

Moderately low Revolutionary
Innovation

Telematics

1995

Moderately
High

Moderately
high

Revolutionary
Innovation

Connected cars

2005

High

Moderately
high

Revolutionary
Innovation

Mass production

1908

High

High

Architectural
Innovation

Assembly line
specialization

1931

Moderately
High

High

Architectural
Innovation

Materials
Engine
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Modular
production

1962

Moderately
High

High

Architectural
Innovation

Superior
technology

1980

High

High

Architectural
Innovation

Scale - Low | Moderately Low | Moderately High | High

Conceptual Model
A conceptual model is used to answer the question that this report is intended for –
“How technological advances have led to business model changes in the auto industry”.
This conceptual model is a 2-Dimentional transilience model that represents the business
model changes on its axes. The horizontal axis represents the left side of BMC. Going left,
the horizontal axis represents lower influence on business components and going right it
represents higher influence on the same. The vertical axis represents the right side of BMC.
Any point on the lower half of the vertical axis signifies that it has lower influence on market
components and it increases as it goes up the axis. The transilience map is read anticlockwise,
with the first quadrant on the top right, second on top left, third to the left bottom and fourth on
right bottom.
Figure 18: Mapping of technological innovation based on their characteristics Adopted (Abernathy & Clark, 1985;
Henderson & Clark, 1990)
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Figure 19: Conceptual model – transilience map used to represent business model changes

Putting the technological innovations in a business model perspective, the following
transilience map presents the findings of this research.
Starting off with the right quadrant of the transilience model, only two of the twenty
technological innovation features here. It is pretty evident from the empirical data and
discussion that followed that the invent of IC engines and Mass production process has had the
most influence both on the market as well as the business components in the auto industry. The
modern state of auto industry with over 76.8 million passenger cars around the world (Statista,
2016), can be attributed to these two technological innovations. The combination of these two
innovations has not only created a new means of road transportation, but has also been
providing new jobs, connecting people between cities and has created a path for new industries
to emerge. Mass production and the introduction of assembly line by Henry Ford reduced
production cost, brought in high profit margins, and focused on high vertical integration.
Shifting the focus on to the second quadrant, three out of four production processes and
one innovation on the engine and transmission sector, a total of four technological
innovations are highlighted. Superior technology also known as performance-based
contracting, has saved a lot of time in the production process and the revenue model follows
the concept of ‘power by the hour’, where the number of hours put in by the engineers to
develop the technology and car is considered for revenue. This technology also focuses
primarily on technology and knowledge diffusion between industries and firms and thus has a
high influence on the market components, and a marginally low influence on the business
components. Introduction of Assembly Line Specialization by Porsche and Modular
Production which focuses on mass customization by Lamborghini has a significantly high
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influence on the market components as the main reason for the creation of these production
process was based on the ‘need gap’ created by the customers. At the same time, though they
are classified as architectural innovation, they have not had much of an influence on the
business components in terms of creating a new value network or an alteration in the revenue
model per say, and thus the reason for classifying it into the second quadrant. Fuel cell
technology which is a niche innovation that has rendered the market segment by creating
niche customers for this technology enabled products has not had a significant impact on the
business components like creating a new revenue model or establishing a completely new key
activity or process. Thus, it is presented in the second quadrant.
As discussed earlier most of the innovation that have happened in the auto industry
are regular/ incremental innovation, implying that they are nothing but a reinforcement on the
development of existing dominant design. Do to the nature of this innovation, all the innovation
discussed under the heading of incremental innovation such as power steering and power
brakes, safety belts and airbags on the vehicle system, automatic transmission and low carbon
emission technology on development on engines and transmission segment, and stream line
body design of chassis has had significantly low influence on the market components as well
as the business components. Three innovations that were revolutionary in terms of
technological innovation design of redefining the dominant design seems to neither affect the
business components nor market components. The innovation on material used for body of car
and the use of a unibody design for body and chassis system of the car along with the innovation
on use of Aluminum as material to manufacture engines fall under this category. A total of nine
out of twenty technological innovation have not had a significant change in the business model
used by the industry.
Moving to the final quadrant, the fourth quadrant of the transilience model, it can be
seen that six technological innovation that were discussed is placed under this quadrant. All
of the three technological innovation that have happened in the newer segment of automobile,
i.e. the infotainment and electronics segment are placed here. Concepts of drive by wire and
connected cars have had a considerable high influence on the business components as it
involves high collaboration and knowledge diffusion between the ICT industry and the Auto
industry. However the use of telematics in the car became more of an attractive quality
(Sauerwein, Bailom, Matzler, & Hinterhuber, 1996) and did not have much of an influence on
the business components as compared to the other two, The adoption of these technologies
are still being seen in the market, however the rate of adoption is not very high due to the lack
of advanced development of these technologies. Hybrid engines on the other hand being a
revolutionary innovation has had a considerately high influence on the business components,
especially in terms of creating a new value network within the industry and the market
components by attracting customers who are more environmental friendly. Adaptive cruise
control along with Automatic drive vehicle system has created a new trend in the auto
industry by setting a new track for development of ‘next gen’ cars also known as autonomous
cars.
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Figure 20: Transilience map representing the influence of technological advances on business model changes

In conclusion, the birth of the auto industry is attributed to the technological
innovations of IC engine and Mass production. The industry has then come a long way,
completing over a century of growth. Most of the innovations since then have been
incremental. With the beginning of technological diffusion from ICT industry has resulted in
some radical/ revolutionary technological innovations.

Contemporary Changes in the auto industry
This section contributes to the discussions revolving the understanding of how the
fundamental changes of driver replacement system has an effect on the auto industry (the auto
biz and customers)
The future of auto industry lies behind the technology of connected cars (Interviewee
F) and concept of ‘computers on wheels’ (Interviewee H). The industrial experts are routing
for ADAS technology to take over the auto industry and make life simpler. With engines
replacing horse carriage in the late 1800’s, driver was the fundamental variable to access this
form of transportation. The engine has evolved since, and the vehicle has completely
transformed from what it was to what it is now, but the technology has always revolved
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around IC engines (Interviewee G). Innovation in the auto industry form the 1970’s is more
incremental and only 10% are owed to breakthrough innovations as the system has reached its
maturity (Interviewee J). The technological innovations in the last 20 years are however a
little different with the advent of electric engines. With electric car technology as the
propeller, policy makers as deterrents and core need being mobility (Interviewee J;
Interviewee I; Interviewee D; Interviewee F), the industry is welcoming a new world of
autonomous mobility and connected systems - “Automobile has now become Autonomous
mobility”.
Why is ADAS considered as big change?
ADAS technology is the start of a new track (autonomous cars), a technological
breakthrough that is bridging the ‘need gap’ of customers (Interviewee J). The auto industry is
driven by 3 axes: Regulatory changes imposed by the government and need for environmental
friendly cars imposed by society, consumers who are slowly changing their needs from owning
to sharing and Aggregators appealing to younger generation, and driver as a variable which is
a huge implication on commercial space (Interviewee D). Electric vehicles will be the need of
the hour as the government is giving better tax relief for EV, it is environmental friendly
nature (Interviewee G) and the further development of this technology resulting in the
elimination of driver who is the most expensive variable thus assuring safety (Interviewee G;
Interviewee J; Interviewee D). Automobile had moved from a need provider to a status
symbol in the 1900’s where owning a car mean high status, increased privacy and mobility
(Interviewee J), but with recent technological trends a vehicle is capable of doing much more
than just that. Consumers would look at automobile as their digital companion and a vehicle
can accomplish multiple tasks from being a credit card to a shopping basket (Interviewee B).
As of date, technological advancements up to level 3 of automation is already seen on
roads, and soon level 4 and 5 will be a reality (Interviewee G). The technology behind it
would be the combination of infotainment systems, sensor, lidar, radar, safety systems and
other ICT technologies (Interviewee G; Interviewee H; Interviewee C; Interviewee I). The
vehicles will have the ability to go and charge themselves or will have other services that will
be made available - say a battery that will be available to replace on the spot as the car itself
will know when the battery would be over, or e-commerce companies would come and
deliver to the car itself. There are unlimited possibilities (Interviewee B). There would be no
tail pipe, i.e. everything will be made electric with the concept of shared mobility, with a
possibility of a driverless system leading to a more organized system (Interviewee D)
The auto industry has always removed the barriers that are limiting its full exploitation
– horses in the 1800’s and drivers in the present age (Interviewee D). One of the basic feature
of any automobile is safety, and ADAS is leading towards making the roads safer (Interviewee
B), removing the most expensive and critical part of the equation (the driver) (Interviewee
D). “At a certain point everything becomes available” – (Interviewee D). The technology
absorption has started already and the effects of which will be seen anywhere between the next
5 years to 60 years (industry experts).
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Effects of ADAS technology on auto business
Auto industry works for customers (the buyers) and business is run for profits
(Interviewee D). Autonomous technology is deemed as a smart technology and with this name
tag comes high pricing (Interviewee F), Since the cost of the car would be more the volume
required to make profits are less. Owning to the change in customer behaviour from owning
cars to renting cars or using the option of rise sharing (Interviewee J; Interviewee F), less
volume of car production would indeed seem beneficial in terms of revenues for automakers.
The technology per say has a long way to go in terms of development of the battery life
(Interviewee E), sensor technology, security issues (Interviewee H), insurance, definition of
new laws and regulations that govern to auto industry (Interviewee C), to mention a few.
It is debatable on how the insurance would be developed. Anonymous (2018), said that
the recent developments in the industry will lead to the policy of insurance would be taken
care by the company that builds and provides ride sharing; “The company that builds the car
owns the car”. Another way to look at this would be that the insurance should be in a
‘consortium’ way. ADAS technology (software) could be either be proprietary or should be
made opensource and insurance be consortium or state sponsored/ city sponsored or
conglomerate (Interviewee B). The reason being there has to be some level of security, safety,
and trust that should come from the developers of the software and this technology and the
codes.
It has to be noted that the existing automakers alone cannot make this transition;
looking at the fringe benefits that ADAS technology has to offer many other emergent firms
that would spring up (Jabez, 2018; Interviewee J; Interviewee B). The technology will be
adopted by the customers only when it is developed to match the existing technology (IC
Engines). Some of the barriers that are centric to the development of ADAS technology are
the supporting infrastructure (Interviewee F; Interviewee G), consumers’ understanding of
the system (Interviewee F) and other policy issues as discussed above.
Putting it into perspective, the auto business would giving rise to a new business
model which would have a great effect on the business components with ADAS technology
in place. This would mean that there will be new partners who would be involved in
connected logistics, repair shops, GPS, etc.; with new activities like internet of things, vehicle
communication and new governance.
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Effects of ADAS technology on consumers
Technology now is rapidly changing and so is the customers buying behaviour. The
customers are getting picky. With a smart phone having more processing power than Apollo13 that went to the moon, customers want more from everything (Interviewee B). Customers
need experience - when they own one of these autonomous cars or ADAS equipped cars, the
auto industry cannot just focus on selling the car, done with manufacturing, push it to the
dealer, and the dealer has relation with the customers. The next gen cars will not just be cars,
but instead a bunch of companies attached to this car. The auto makers instead of selling a car
will now have to sell experience to the customer (Interviewee B). The best example would be
that of Tesla which provides experience by being in touch with customers, understanding
their needs and building a product for them. Transportation as a service has now changed and
is seen as a mobility as service. The customers do not want to own cars, getting from one
place to another is all that counts. To sing more praises of advanced autonomous cars, it can
Figure 21: Transilience map representing the influence of ADAS technology on business model changes
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be said that they are emotionless (as there would be no presence of drivers), thus reducing
accidents and reduced concerns about loved ones when they are on road (Interviewee F). It
also hast to be noted that with the development of autonomous cars, the most impacted would
be the drivers who would have to go in search of new jobs and service personnel, as
automatic defect detection system would be a part and parcel of this technology (Interviewee
F).
The figure 21 illustrates how ADAS technology and its counter parts would have an
influence on the business model changes. Adaptive cruise control which could be pointed
back to the start of the development of ADAS technology as discussed previously is said to
be a revolutionary innovation, having a significantly high influence on the customers, as well
as the business. The technology as such is a revolutionary innovation, however seeing the
influence on business model components of Level 0 (no Automation), Level 1 (Driver
assistance systems like adaptive cruise control), Level 2 (partial automation like auto pilot
system), there is considerably less influence. As the technology advances, Level 3 and Level
4 of automation, the influence it has on the consumers also grows in proportion.

However, since the technology is not fully developed yet, the rate of adoption is low.
As IC engine was the architectural innovation in the 19th century, Electric vehicles would be
its alter ego in the 21st century. Self-driving cars can be said to take over the new world of
automobile and can thus be said as the architectural change that would have a significantly
high influence in the business as well as market component, revolutionising and changing the
entire business in the auto industry. The best way to increase the rate of development of
technology, adoption, and make this a reality would be to understand the path dependency,
level of complexity and exponential explosion of all the ‘barriers’ aforementioned, thus the
aim of this research.
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6. Conclusion
This section presents the entire work in a consolidated way with the most important
results that answers the research question intended for the thesis work.
The birth of the auto industry is attributed to the technological innovations of IC engine
and Mass production. The industry has then come a long way, completing over a century of
growth. Since the 1970’s most of the innovations since then have been incremental. The
beginning of technological diffusion from ICT industry from the 1990’s has resulted in some
radical/ revolutionary technological innovations. The research started out with an intention to
find an answer for how technological advances has influenced the business model changes in
the auto industry.
First, the technological innovations are selected based on its impact on the auto industry
and classified based on their characteristics as architectural, niche, incremental and
revolutionary innovation. A total of twenty innovations over a period of time has been chosen
for analysis and these. A conceptual model representing the business model canvas on its axes
is created to analyze the influence of technological innovation on the business components as
well as market components. The technological innovations are then analyzed and placed on
the transilience conceptual map.
Answering the first research question “How technological advances have led to
business model changes in the auto industry” - The first quadrant represents that the
innovation has had a considerably high influence on the business components as well as the
market components of BMC. The technological innovations that feature here are IC Engine
and mass production. The second quadrant, consists of a total of four technological
innovations - three out of four production processes, i.e. performance-based contracting,
Assembly Line Specialization and Modular Production, and one innovation on the engine and
transmission sector - Fuel cell technology. This represents that these technological
innovations have had a considerate high influence on the market segment and not much
influence on the business model components. The third quadrant signifies that the innovation
featured in this quadrant has not had any change on the business components or the market
components. Nine of twenty technological innovations have been represented in this
quadrant, though the technology itself has had an influence on the market, it has not created a
significant impact on the customers not the auto business. The final quadrant (fourth quadrant)
consists of six technological innovations, most of which are attributed to the technology
diffusion from ICT industry. These technological innovations have had a major influence on
business components but not much on the customers due to the lack of development of the
technology.
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Answering the second research question “How ADAS technology has an effect on
the business model change in the auto industry” - New trend of ADAS technology is
similar to the trend of use of IC engines which replaced horse carriage. The first setting trend
of auto industry was when horse that used to carry passengers were replace by engine. This
created a new industry - the auto industry which ran on the basic of mechanical components
and advancements in them. Since the Mechanical aspect reached its peak in the 1970’s, major
innovation would be from ICT sector with artificial intelligence playing a pivotal role. The
current trend of ADAS technology is focused on replacing the driver and electric engines
would replace IC engines. A pattern is that is seen from the history as history repeats itself!
“90 % of all business model innovations are recombination’s. Knowing the past helps in
creating the future.” - Prof. Dr. Oliver Gassmann

Research Limitations
The research is analyzed with the principle that a technological change would lead to
a business model change. The cause-effect relation between business model and
technological change is not analyzed. Non-technological innovations such as Servitization
that has resulted in a business model change is not discussed. Contribution of technological
innovations to change in revenue model is not discussed in detail due to the lack of
information sources.

Future work
During the study of this research, it was found that most of the technological
innovations in the auto industry had its roots tied to military area. It would be a thoughtprovoking study to analyze the reason behind the same, i.e. to understand why most of the
innovation in auto industry borrowed from military-industrial complex? Another interesting
study would be to analyze and compare the technology diffusion from military and ICT
industry into auto industry; which leads to another curious topic which involves the study of
advancement in the ICT industry that could be drawn into the auto industry. Since the
technology in concern currently is that of ADAS, which is characterized as a disruptive
technology, a disruption study on different industries can be performed to understand the
effects of disruption of ADAS technology.
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8. Appendix
Appendix A: Interview Source
Interviewee
Reference in text

Description of the Interview

Interviewee A

Andersson, L. (2018, March 08). Impact of technological changes on
business model in auto industry. (A. Anand, Interviewer)

Interviewee B

Anonymous. (2018, February 28). Impact of technological changes on
business model in auto industry. (A. Anand, Interviewer)

Interviewee C

Börger, L. (2019, February 13). Impact of technological changes on
business model in auto industry. (A. Anand, Interviewer)

Interviewee D

Dhinagar, J. (2018, February 17). Impact of technological changes on
business model in auto industry. (A. Anand, Interviewer)

Interviewee E

Ewerstrand, P. (2018, May 02). Impact of technological changes on
business model in auto industry; Verification of conceptual model.
(A. Anand, Interviewer)

Interviewee F

Helfmeier, U. (2018, February 12). Impact of technological changes
on business model in the auto industry . (A. Anand, Interviewer)

Interviewee G

Ramabadran, M. (2018, February 25). Impact of technological
changes on business model in auto industry. (A. Anand, Interviewer)

Interviewee H

Reger, L. (2018, Gebruary 09). Impact of technological changes on
business model in the auto industry . (A. Anand, Interviewer)

Interviewee I
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