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Foreword 

Starting from a literature review of the topic of technological innovation, the close relationship 

between innovation, competition and evolution of industries will be analysed. First of all, the 

concept of innovation and the different types of innovation commonly discussed by the 

literature will be provided, going then to focus on how technological innovation evolves and 

which implications generate in the industry’s competitive landscape. The aim is to analyse a 

series of innovations which has the capability to profoundly alter the competitive environment 

inside an industry. Understanding the nature of technological development and the different 

types with which an innovation can be classified are essential to better understand the 

phenomena of the industrial revolutions.  

Industrial revolutions are proof that particular technological innovations could have profound 

effects on the economy as well as on society. For this reason, the analysis will deepen on the 

concept of the industrial revolution and the characteristics of the innovations that have 

determined these important phenomena, those implementations in the industry have 

generated a series of implications that have changed every aspect of human life all over the 

world. Over time, historians have identified three phases of the industrial revolution (or three 

industrial revolutions). As will be described, the first occurred primarily in Great Britain during 

a period around 1760-1840, the second took place mainly in Germany, and the United States 

in 1860-1930, and the third happened in the United States, Japan and in the more 

industrialised Western countries around 1970-2000. The historical overview of these three 

phenomena will be provided, before concentrating all the attention on trying to determine a 

general concept for industrial revolution.  

After this initial stage, the real topic of this thesis will become more evident. The focus will 

shift from history to contemporaneity, and the legitimation of the concept of Industry 4.0 as 

the fourth industrial revolution will be investigated. The fourth industrial revolution is the one 

many argue its development is currently taking place, as a series of technological innovations, 

with particular characteristics, are emerging and the effect of their implementation in the 

industry is forecasted to be huge. The most enabling technologies of this presumed new 

industrial revolution will be described, going then to concentrate on the possible impacts they 

might have on industry’s competitive environments.  
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For this purpose, the argumentation will shift from the theory to the practical field of the 

automotive industry, an industry that has heavily been dependent on the innovative activity 

since its foundation. A description on how the automotive industry is organized, and the 

challenges its players, traditional car manufacturing (OEM) and suppliers, are facing will be 

provided, in light of the digital revolution is currently taking place, which has intensified the 

level of competition among them. The situation of profound transformation the industry is 

facing will be highlighted, posing incumbent firms in front of a series of threats from new 

players coming from other sectors and showing interests in orienting their businesses into the 

automotive one. This context pushes incumbent firms to revise their business models and 

strategies and puts them in front of a series of choices, such as in which resources they have 

to invest, to maintain their leading position. 

To conclude a patent database including innovations of the 4IR in the automotive industry will 

be analysed, focusing on finding out who these future new players in the industry could be, 

their strategies and which threat they cloud represent for incumbents – discovering the 

relationship between incumbents and new players will ultimately be useful to better 

understand the evolution of the industry and which future trends are to be expected.  
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Chapter 1. Defining Technological Innovation 

In this chapter, the close relationship between technological innovation, competition, and the 

evolution of industries will be analysed, going then to focus on how these factors, in history, 

have been decisive for the advent of important phenomena known as industrial revolutions. 

To achieve this objective, first of all, the concept of innovation and the various types of 

innovation, provided by the literature, will be presented. Then the discourse will deepen on 

how technological innovation evolves over time and which are the impacts it generates in the 

short and long term. In particular, the focus will be on the analyses of how the introduction of 

technological innovation profoundly alters the competitive environment inside an industry. 

Given the importance that technological innovation has had in recent centuries in starting 

modern industry and promoting economic development, causing a profound effect on human 

life, it is useful to develop a solid knowledge of the dynamics of technology and innovation 

modes. 

Before to start talking about “technological innovation”, it might be useful to clarify the 

difference between innovation and invention. The invention can be defined as a new idea, a 

new scientific discovery or a technological novelty; while innovation, which derives from the 

Latin “innovare”, meaning “to make something new”, refers to the application of an invention 

into something well defined that can be integrated into economic and social practice. The 

concept of “making something new” is somewhat enigmatic and can be better understood if 

divided into three parts, that are: generating or realizing a new idea (invention and creativity), 

developing this idea in a reality or product (realization), and implementing and marketing this 

new idea (implementation) (Vaughan, 2013). Innovation is, therefore understood as the result 

of a process that begins with an idea of genesis and continues with its materialization and 

commercialization (Diaconu, 2011).  

The concept of technology is explained as the doctrine on the immediate application of the 

physical, chemical, and mathematical sciences to the arts and crafts. When it is added to the 

concept of innovation that of technology, defining the term “technological innovation”, it is 

meant the process of starting with an idea based on technology, capability or knowledge 

(invention), and implementing it into the market. Therefore, technological innovation could 

be explained as the application of scientific knowledge of tools, materials, processes, and 



 

8 
 

techniques to the design, production, and distribution of goods and services, in response to 

the needs of the market or problem solving (Durand, 2004). 

Technological innovation has been a central element of the way in which new economic value 

has been created by allowing people and companies to use existing resources more efficiently, 

as well as to realize products and services that meet people’s needs in ways that have not 

being met before (Mokyr, 1990). 

From a company’s perspective, nowadays, the growing importance of innovation is partly due 

to the globalization of the markets (Schilling, 2012). Foreign competition has put pressure on 

companies to continuously innovate to produce differentiated products and services. The 

introduction of new products in the market allows companies to protect their margins while 

investing in process innovation helps them to reduce their costs. Computer-aided design and 

manufacturing, for example, have made it easier and faster to design and manufacture new 

products, while flexible industrial technologies have made production cycles shorter and have 

reduced the importance of economies of scale of production (Schilling, 2012).  This type of 

technology helps companies to design and produce product variants that can best meet 

customer needs while achieving differentiation from the competition.  

Although technological innovation can be unintentional as well as planned, many companies 

seek to manage it in the hopes of making innovation more profitable for them (Shane, 2008). 

More than in the past, nowadays, companies must focus on innovation as an imperative of 

their strategies, as competition has become increasingly high and product life cycles shorter, 

due to the high product differentiation; on the contrary, they risk to see their margins 

decrease and their products become rapidly obsolete. 

In certain industries, more than in others, the management of technological innovation is 

crucial because these industries depend heavily on new technologies (Shane, 2008). In these 

sectors, such as the automotive industry, on which Chapter 4 will focus, technological 

innovation has become a fundamental part of the process through which companies create 

competitive advantages, and is a central focus for managers. 

The management of technological innovation is a relatively difficult practice as it comes from 

many different sources of technical knowledge and takes on a variety of different forms.  It is 

also a risky and uncertain activity because, as Schumpeter said, innovation can only be 

understood ex-post. In fact, as the concept of the “innovation funnel” testifies, not all 

innovative ideas become future successful new products in the market (Schilling, 2012). 
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Indeed, as many studies suggest, only one of several thousand ideas lead to successful 

innovation.  

Moreover, the effects that the introduction of innovation has in the market, are uncertain as 

well, due to the impossibility of predicting the cost and performance of the new artefact, or 

the reaction of users. It could reinforce the position of established firms or completely alter 

the competitive market forces.  

For the purposes of this thesis, also, understanding the nature of the technological 

development and the different types with which an innovation can be classified, are essential 

to better understand the phenomenon of the Industrial Revolution, which will be described in 

the next chapter. 

1.1. Types of innovations 

Technological innovations are often categorized into different types such as “radical” versus 

“incremental”. It is important to understand the characteristics of these types of innovations, 

as each category requires different forms of underlying knowledge and has different impacts 

on the industry’s competitors and customers. Some of the dimensions most commonly used 

to categorize innovations are going to be described in this section of the chapter. Firstly,  the 

concepts of product versus process innovation, radical versus incremental innovation, 

competence-enhancing versus competence-destroying innovation, and architectural vs 

component innovation will be presented. After that, the concept of innovation in relation to 

the competitive environment will be introduced, adding a new categorization taken from 

Abernathy and Clark’s contributions. Finally, the framework will be completed introducing a 

recent conceptualization provided by Christensen, who introduced the idea of disruptive 

innovation comparing it with that of sustaining innovation. Each of these classifications 

analyses technological innovation under a different light, which seen as a whole allows for a 

broader and more comprehensive vision of the concept. 

This outline will make better understand that technological innovations are not alike, and 

some of them, when implemented, have the potential to completely change many aspects of 

the economy, markets, and society.  

The most traditional differentiation is the one between product and process innovation, 

introduced by Joseph Schumpeter. Innovation at the organizational level involves both the 

creation of new products and the improvement in the process of producing these goods. 



 

10 
 

Therefore, product innovation is defined as an innovation that is embodied in the output of 

an organisation, its goods, or services. For example, Toyota’s development of a new hybrid 

electric vehicle is a product innovation.  On the contrary, process innovation is a kind of 

innovation that concerns how an organisation operates for its business, such as the techniques 

of producing or marketing goods and services.  Process innovations are always oriented 

toward improving the effectiveness or the efficiency of the production by, for example, 

reducing the costs, increasing volume of production, or reducing the rate of defects. Any 

improvement to current manufacturing, delivery, packaging, marketing, and project 

management activities can be considered as a process innovation (Vaughan, 2013). One of the 

most famous and innovative examples of this type of innovation is Henry Ford’s invention of 

the world’s first mobile assembly line used in the manufacturing of automobiles. This 

production process not only simplified vehicle assembly but reduced the time required to 

produce a single vehicle from 12 hours to 2 hours and 30 minutes1. 

Product and process innovation may occur in tandem: sometimes a new process may enable 

new product development and vice versa a new product development may enable the design 

of a new production process (Shane, 2008). Though, while product innovations are often more 

visible than process innovations, both are extremely important and determine the ability of 

an organization to compete in the market.   

As, discussed in the next sections of this chapter, in the model of Utterback and Abernathy, 

there is an evident lag between product and process innovation during the process of 

technology evolution. 

Innovation may also be classified into other two main categories: incremental (or 

evolutionary) versus radical (or revolutionary) innovation.  Incremental kind of innovation is 

relatively common and is a type of innovation that introduces quite minor changes to the 

existing product or practice. It is often used by large firms, with well-developed resource 

facilities, to keep up with the competition; and sometimes is the only way these large 

organizations are able to innovate. They occur mostly in the periods of development that 

follow a revolutionary innovation, and their effect is manifested in the constant growth of 

productivity (Freeman et al., 1982). Radical innovation, on the other hand, is a type of 

innovation that is based on a different set of engineering and scientific principles. These 

 
1 Ford’s assembly line starts rolling. History.com Editors, 2019. Web. May 3, 2020. (https://www.history.com) 
 

https://www.history.com/this-day-in-history/fords-assembly-line-starts-rolling
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innovations are relevant because they can often open up whole new markets and completely 

alter the competitive landscape of an industry.  

The main difference between the two kinds of innovations is that one is perceived as a 

continuous modification of previously accepted practices, while the other is new, unique, and 

discontinuous over time. Radical innovation often creates great difficulties for incumbent 

firms while it can represent the foundation for the successful entry of new companies, or even 

for the redefinition of a whole industry. They do so, for example, displacing current products, 

altering the relationship between customers and suppliers, or ultimately creating new product 

categories. Radical and incremental innovations have such different impact on competition as 

they require quite different organizational capabilities. Incremental innovation strengthens 

the capabilities of established organizations, while radical innovation forces them to ask a new 

set of questions relating to new problem-solving approaches (Henderson and Clark, 1990).  

While research has shown that most of the technological innovation is incremental, and only 

a small percentage of all new technology is radical, the impact of the latter is exponentially 

higher (Shane, 2009). Successful radical innovations are surprisingly rare, perhaps once every 

five to ten years, but when they come to life, they imply a complete discontinuity with the 

past (Norman and Verganti, 2014). This will become more evident when describing a series of 

historical events that have been triggered thanks to the development of new radical 

innovations: the industrial revolutions.  

Another distinction provided by the literature is between competence-enhancing and 

competence-destroying innovations. The two concepts have been theorized by Michael 

Tushman revising the Abernathy-Utterback model (presented below) to explain why, in some 

cases, incumbent firms have difficulties in transitioning to new radical technology.  According 

to competence-based explanations, the competitive outcomes of a discontinuous innovation 

depend on its influence on firms’ existing resources, skills, and knowledge: some innovations 

refine and improve existing technological competences and capabilities (competence-

enhancing), whereas others destroy them (competence-destroying) (Abernathy and Clark, 

1985). Therefore, competence-enhancing innovation is defined as an innovation that builds 

on a firm’s existing knowledge base, abilities, structure, design, production processes, 

reinforcing them (Tushman and Anderson, 1986). In contrast, competence-destroying 

innovation is an innovation that does not build on the firm’s existing competencies, skills, 

know-how, and in some cases, renders them obsolete (Tushman and Anderson, 1986).   
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The literature explains that established firms are able to transition to a radical technology 

when that technology is competence-enhancing, but it fails when it is competence-destroying.  

As Michael Tushman derived the concepts of competence-enhancing/competence-destroying 

innovation modifying the Utterback-Abernathy model, the same did Rebecca Henderson and 

Kim Clark for the concepts of architectural and component innovation. With these concepts, 

they tried to explain why some incumbent firms were not able to successfully manage the 

shift from one technology to another, even when those technologies were not radical. They 

added two different types of innovations: modular and architectural innovation. 

The two definitions have been conceptualized from the main idea that a product could be 

considered as a system composed of a certain number of components. Each component is a 

physically distinct portion of the product, embodies a core design concept, and performs a 

well-defined function (Clark, 1990). Therefore, architectural innovation is a kind of innovation 

that changes the way in which the components of the product are integrated, leaving the main 

design concept intact. This type of innovation practically destroys the usefulness of a 

company’s architectural knowledge but preserves the value of its knowledge of product 

components (Henderson and Clark, 1990). Despite this, most architectural innovations create 

changes in the system that, in the long run, affect the whole product design, also requiring 

changes in the underlying components, as well as, changes in the way they interact (Schilling, 

2012). Architectural innovations often have far-reaching and complex influences on industry 

competitors and technology users. On the other side, a component (or modular) innovation is 

a type of innovation that entails changes to one or more components, but it does not 

significantly affect the overall configuration of the system.  

The difference between the product as a system and a product as a set of components 

underlines the idea that successful product development requires two types of knowledge 

(Henderson and Clark, 1990): a component and an architectural knowledge. For a firm which 

initiates or adopts a component innovation, it requires a component of knowledge, or 

knowledge about each of the basic design concepts, and how they are applied in a particular 

component. However, for a firm which initiates or adopts an architectural innovation, it 

requires an architectural knowledge or knowledge about the ways in which the components 

are integrated and linked together into a coherent system. The distinction between the two 

kinds of knowledge is a source of insight into how innovations differ between each other 

(Henderson and Clark, 1990). Firms need to be able to understand how components’ 
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attributes interact, and how changes in some system features might generate the need for 

changes in many other design features of the overall system or the individual components.  

Although these models are useful for exploring the keystones on how innovation may be 

different from another, these dimensions are not independent, nor do they offer a simple 

method for classifying innovations precisely and coherently. For example, each of these 

dimensions can share relationships with others. 

In order to study the impact of different types of innovation on established firm’s capabilities 

up to the effect of discontinuous technological change on existing industries, Henderson and 

Clark have built a matrix (Figure 1), where four types of innovation are classified. The 

horizontal axis captures the impact of innovation on the components, while the vertical one 

captures the impact on the connections between the components. Observing in this way, 

radical and incremental innovations are the extreme points along the two dimensions. The 

figure also shows the other two types of innovation: architectural and incremental (or 

modular) innovations. Incremental innovations tend to strengthen the competitive positions 

of established companies so as to improve skills. On the contrary, radical innovation totally 

destroys them and creates unmistakable challenges for established companies (Henderson 

and Clark, 1990). So, while incremental innovations are based on an organization’s existing 

architectural knowledge and components, radical innovations completely destroy the 

usefulness of both architectural and component knowledge.  

Architectural innovation, as will be presented later, when implemented, have the ability to 

irreversibly alter the competitive forces inside an industry.  This is because usually, 

architectural knowledge is stable and tends to be more embedded in the practices and 

procedures of industries. Therefore, the introduction of new architectural innovation, in all 

respects, represents a challenge for established firms, for the reason that much of what it is 

part of the firm’s knowledge may be useful but, at the same time, may also handicap it 

(Tushman and Anderson, 1986). Thus, recognizing which resources, knowledge and skills are 

useful and which are not, and applying and acquiring knowledge when necessary may be quite 

difficult for established firms, particularly for the way the knowledge is organized and 

managed.  On the contrary, new players entering the market, since they have smaller 

commitments from older ways of learning about the environment and organizing their 

knowledge, often find it easier to build new architectural knowledge because they have more 
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organizational flexibility than incumbents. Their knowledge is not embedded as in already 

established firms (Henderson and Clark, 1990). 

 

The distinctions between the four types of innovations are matters of degree. The matrix in 

Figure 1 it is not designed to defend the boundaries of a particular definition (Henderson and 

Clark, 1990), but to suggest that a given innovation may be less radical or more architectural. 

The effects of the introduction of these kinds of innovation on the competitive environment 

will become more visible when will be presented the model of Utterback and Abernathy on 

the technology evolution.  

In an attempt to categorize innovations based on the different roles played in the competitive 

market, it is important to remember the work of Abernathy and Clark of 1985. Starting from 

the assumption that the achievement of a competitive advantage depends on the acquisition 

and development of specific skills, relationships, and resources, they affirmed that there are 

types of innovations capable of strengthening and enhancing the skills of the company leading 

to an improvement in its competitive position (and making these skills more difficult for 

hypothetical new players entering the market to be developed). On the other side, they 

argued that there are types of innovations that are capable of destroying and distorting the 

competitive framework by completely redefining the elements necessary to gain a 

competitive advantage. Furthermore, these improvement-strengthening and revolutionary-

destructive effects that derive from technological innovations can concern two dimensions: 

that of market factors and that of factors relating to technology and the production system 

Figure 1: The innovation matrix (Henderson and Clark, 1990) 
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(Abernathy, Clark, 1985). From the combination of all these aspects, four different scenarios, 

represented in the “Transilience map” (Figure 2), emerge. In the map, the vertical axis refers 

to the degree to which an innovation affects market factors, while the horizontal axis refers 

to the degree to which innovation impacts the factors that are part of its technology and 

production systems. From this scheme, therefore, four types of innovations can be identified, 

whose characteristics are going to be described. 

 

Figure 2: The Transilience Map (Abernathy and Clark, 1985) 

The first type is defined as architectural innovation. In this case, the concept of architectural 

innovation is a little bit different from the one previously described. In this case, it is 

considered a kind of innovation that starts from consolidated production systems and, in turn, 

opens new relationships and connections to markets and users, completely breaking with the 

existing ones. This type of innovation can destroy the architecture of industry by creating a 

new one, or in any case, by totally reformulating an already established one. Furthermore, an 

architectural innovation, not only can reset existing conventions but also, can make changes 

that persist over time.  

The second category is called niche creation. This type of innovation generates relatively 

limited effects on existing technology and production systems. Still, its innovative component 

is based on the possibility of opening up new market opportunities by directing existing 
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technologies to new market niches. The most significant impact, therefore, is on the 

relationships that the company has with the market and its customers, while the effect on 

production and technical systems is to strengthen established designs. To be successful, an 

innovation of this type requires to match the needs of the new segment to which it refers. The 

innovator will then have to clash with competitors who will take over the new market niche 

quickly, since, to do so, it will not be necessary for them to acquire new technology or 

production skills.  

The third quadrant is composed of all those innovations that the authors call regular 

innovations. These innovations involve changes based on consolidated technical and 

production skills, applied to existing markets and customers. Although the authors define 

these innovations as almost invisible, their cumulative effect in product cost and performance 

is enormous. Indeed, these innovations help already established companies to strengthen 

their competitive position at the expenses of the competitors.  

The last quadrant is made up of revolutionary innovations that are those innovations that 

provide to the existing market a new offer, which is based on a new technology or a new 

production system. The customers and the target market, in this case, remain the same, but 

the production competences and technologies radically change. The effect of this type of 

innovation is uncertain as it can improve a company’s competitive position, or damage it if it 

does not meet market needs. 

The transilience map is much more than a simple categorization of technological change, as it 

provides a framework within which it is possible to examine the relationships between 

innovation, competition, and the evolution of industries, as well as develop insights on the 

strategies of specific competitors. 

The last significant distinction useful for our purposes is the one provided by the economist 

Clayton M. Christensen. His works focused, above all, on disruptive innovation and business 

model innovation. With the term disruptive innovation, introduced in 1997, but still spoken of 

today, he intended to refer to all those products or services that initially target a market niche, 

but then manage to expand throughout the overall market, ousting products or services that 

have occupied the leading role until then. On the contrary, the sustaining innovations, that 

are, the innovations that exploit the company’s already established skills, abilities, and 

processes, allow a product or service to obtain better performance in the traditional market. 

Usually, as Christensen says, this type of innovation is introduced by companies leaders of the 
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industry (Christensen and Rosenbloom, 1995). In fact, for these types of companies, it is 

challenging to face disruptive innovations since their capabilities have long been integrated 

into business processes, and questioning them sometimes becomes complex. On the other 

hand, new players entering the industry can grasp this type of change with greater flexibility 

and speed. 

1.2. Patterns of technological innovation 

In this section, the cumulative development path, followed by innovation over time, will be 

considered. Many related innovations build on each other following a pattern that is called a 

technological trajectory. These models that follow specific shapes are useful to better 

understand how technologies improve and accumulate, as well as their impact on industries 

and corporate markets. Both the rate of technology diffusion in the market and the rate of 

technology improvement typically follow an S-shaped curve; for this reason, they are called 

“technologies s-curves”. Technologies s-curves are graphical representations, as shown in 

Figure 3, of the technology diffusion into a market. They compare some measures of 

performance (e.g., speed, power, or capacity) with some measures of effort (Shane, 2009).  

Most of the literature in technology evolution explains that, initially, performance 

improvements per unit of effort are small because the fundamentals of the technology and 

the key drivers of performance are poorly understood. Once key drivers of performance are 

identified, rapid advancements tend to follow, and significant performance improvements for 

each unit of effort start to become evident.  While these technological improvements can 

Figure 3: Technology S-curve (Schilling, 2012) 
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continue to grow at a rapid pace, at some point, the technology reaches its physical limits and 

diminishing returns to effort begin to set in, leading the curve to flatten (Schilling, 2012). This 

means that a lot of effort is needed again to get each unit increase in effort, and the cost of 

each marginal improvement increases. This model is useful to understand how technology 

proceeds along the S-curve to formulate an effective technology strategy. Following this 

pattern, it can affect the ability of companies to successfully innovate in an industry. 

Technological improvements along the curve tend to be incremental, building on prior 

developments, and taking place between an existing paradigm.   

Usually, established firms with experience operating in the industry, tend to be the ones that 

make these types of technological advances because they have existing technical, market and 

organizational skills; they have an existing customer base that provides them with information 

on market needs; they have access to internal cash flow to invest in technology improvement 

without having to raise funds from external investors. 

This framework also explains that technological trajectories change over time and, before the 

technology reaches its limits, it might be replaced by new discontinuous technology (Figure 

4). 

An innovation is discontinuous when it fulfils a comparable market need but does so by 

building on a wholly new knowledge base (Foster, 1986). Therefore, initially, when a new 

technology is first introduced in the market, it may have lower performance than the one in 

charge.  In the early stages, the effort invested in innovation can yield lower returns than the 

efforts invested. For this reason, in the first phase, businesses are often reluctant to switch to 

the new technology. However, because the “new” innovation represents a radical change 

from the existing technology, it has greater potential for performance improvement. So, there 

may come a time when the returns of the effort invested in the new disruptive technology are 

much higher than the effort invested in the current one. Because technologies eventually 

reach a point of diminishing returns, companies using a particular technology, often explore 

some that can provide more considerable performance improvement in the future (Schilling, 

2012).  

New players entering the industry are more likely to choose the disruptive technology, while 

incumbents have to face the difficult choice between trying to extend the life of their current 

technology, and, on the other side, investing in the shift to the new one (Schilling, 2012). If 

disruptive technology has much higher performance potential for a given effort, in the long 
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run, it is likely to replace the one in charge, completely overturning the competitive markets’ 

environment.  

S-curves can also be used to describe technological diffusion. This is represented in Figure 4 

that takes into account the cumulative number of adopters of the technology along the line 

of time. Once an innovation improves to the point that it surpasses the old technology, users 

usually shift to the new one. At this point, the old technology goes to decline while the new 

one takes off (Shane, 2009).  In the history of economics, the first to have had this dynamic 

conception of technological innovation was Joseph Schumpeter. According to his theory, in 

fact, innovation is the primary determinant of change and invests the role of competitive force 

capable of destroying the old context and creating a completely new one. The phases of 

transition from the periods of expansion to those of stasis are defined as “creative 

destruction”, a particular dynamic that allows the birth of new companies that bring 

innovative solutions to the market but at the same time leads others to drift which fail to react 

to the what’s new. 

Richard Foster, a management consultant, argued that managers could use the S-curve model 

as a tool to predict when a particular technology will reach its limits and as a prescriptive guide 

for whether and when a firm should invest in the development of a new, more radical 

technology. According to him, by plotting data on the relationship between the amount of 

investment that has been made in a particular technology against data on key performance 

Figure 4: Technological discontinuity (Shane, 2009) 
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indicators, it is possible to determine where the current technology is positioned along the S-

curve, and whether it has reached the point of diminishing returns (Schilling, 2012). Therefore, 

by using the S-curve model, it is possible to formulate the company’s technology strategy. 

Although this model presents some limitations, it is still very useful to have an idea of how 

technological innovations evolve over time, and which impacts may have on the competitive 

market forces.  

1.3. Dynamics of technological change 

S-curve models, described above, explain that technology is improved continuously through a 

flow of incremental innovations which construct and shape the technological trajectory. The 

trajectory exploits all the potential of the technology until a new radical innovation occurs. 

Technological change is, indeed, cyclical: each new S-curve introduces an initial period of 

turbulence followed by a rapid improvement, culminating in a phase of decreasing returns, in 

which a new technological discontinuity eventually replaces it. The emergence of a new 

technological discontinuity can overturn the current competitive structure of an industry, 

challenging or even destroying established firms’ position, while creating the opportunity for 

new firms to enter the market.  

Studying the dynamics of technological change is essential to understand why, how and under 

which conditions technological innovation happens and how this change manifests itself in 

reality and culminate, for example, in an Industrial Revolution.  

The model proposed by Utterback and Abernathy tries to identify and explain the stages of 

technology evolution. They take up Schumpeter’s idea regarding the distinction between 

product and process innovations and propose a model trying to explain how these, over time, 

evolve in an interdependent manner following different stages. The model, which has been 

expanded on the basic idea of the S-curve of technology, states that technology evolves 

through periods of incremental innovation, interrupted by periods of radical innovation.  

According to Abernathy and Utterback, the evolutionary cycle affects both the nature of 

innovation and the firm competition (Abernathy, Utterback, 1978). Technology passes 

through distinct phases, which are going to be described more in depth.  

The first phase is called the “fluid phase”. It is characterized by a period of high uncertainty 

both for the technology and for its market. Here markets are relatively small, customers do 

not have clearly defined preferences, and the diffusion of the industry’s core technology is 
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quite limited. Several small changes bring different innovative solutions to the market, each 

of which satisfies narrow segments. Firms that enter the industry during the fluid phase 

engage first of all on product innovation, competing based on the novelty of their product 

designs. 

For this reason, during this phase, production is relatively inefficient. First players entering the 

industry are quite small and use a variety of different production processes. They engage in 

very little process innovation and tend to use generic inputs and production equipment. This 

phase ends when firms of the industry arrive at a general consensus about the desired product 

attributes and converge on a dominant design of the product. The dominant design could be 

described as a generally accepted product architecture with standardized modules and 

interfaces, which incorporate a particular set of features.  With the selection of a dominant 

design, starts a “transitional phase”, in which a product architecture is almost established, and 

firms can focus on process innovations to make the production more efficient or on 

incremental innovation to improve components within the architecture.  Finally, as the 

product enters the specific pattern in its lifecycle, starts the so-called “specific phase” because 

innovations in products, materials and manufacturing are all specific to the dominant design 

(Abernathy and Utterback, 1975). During this phase, competition shifts away from design 

uniqueness to production cost, as firms focus on achieving production efficiency and market 

penetration. The production that in this phase become more standardized, shifts to large firms 

that can exploit economies of scale, allowing the cost of production and prices to fall.  This 

period, characterised by continuous small improvements, can represent most of the 

technological progress in a sector. The dominant design remains as reference for the industry 

as no other technology at this point is able to meet market’s needs better; this continues until 

a new innovation emerges, revolutionizing the market and bringing it back to the fluid phase 

a so, to the experimentation of new solutions not standardized. 

As the Abernathy-Utterback model suggests, the level of product innovation tends to decrease 

over time, while the level of process innovation tends to peak in the transitional phase of 

industry evolution (Figure 5).  
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Some criticisms have been made of the model for example that of being too general thus not 

allowing analysis at the level of the individual company. Or, that of being based on a too 

deterministic approach of the evolutionary process of innovations over time, which instead, 

in reality, it follows less regular trends than those suggested by the model. Although suffering 

from these limitations, the Abernathy and Utterback’s model has been of significant 

contribution to literature thanks to its ability to have been able to develop a correlation 

between the type of innovation, and its evolution over time. 

1.4. Technological innovation and economic cycles 

This section will explain the theories that are based on the idea that technological innovation 

has been an essential force in modern economic developments, resulting in long waves of 

economic cycles. According to these theories, technological innovation and subsequent 

economic cycles began for the first time during the first industrial revolution in England. 

The first who empirically document this pattern was Nicholai Kondratieff in 1930. The Russian 

economist, studying the economic development of the English economy of the late 1800s and 

early 1900s, discovered that it followed a recurrent pattern, which he would have called it 

“economic cycle”.  

Each cycle, according to him, consisted of four phases: depression, revival, prosperity and 

recession (Twiss, 1992). Also, he noticed that the proceeding of the waves of economic 

expansions, followed by periods of economic downturn, were correlated with the introduction 

of a new basic technology. He calculated that an economic cycle was almost 54 years duration 

Figure 5: Abernathy-Utterback Model, The Rate of Major Innovation (Shane, 2008) 



 

23 
 

(Figure 6). According to this model, it has been possible to postulate that innovation and 

technology drive economic revival, giving birth to a new phase of economic prosperity. 

After Kondratieff, Schumpeter in 1942, expanded this idea by focusing on the impact of radical 

innovations as an economic process by coining the term “creative destruction”, that has been 

described above. 

In 1975, the German Gerhard Mensch developed the ideas of Kondratieff, arguing that basic 

inventions and innovations generated the beginnings of long economic cycles. He found that 

technological innovation coincided with periods of economic depression. Furthermore, the 

innovations of each cycle were based on the exploitation of different technological families, 

and scientific principles discovered or implemented by those of the previous cycle (Betz, 

1998).  To understand why this happens, it is useful to consider that when an economy is 

prosperous, there is little incentive for firms to invest in risky ventures, since improvements 

in existing technology may be adequate to sustain their profitability. Nevertheless, this is no 

longer the case in times of economic recession and depression. It is under these conditions, in 

fact, that companies are more likely to make research and investments, and also that new 

industries are established based on a new technology. 

Kondratieff’s model is a generalization of what happened in reality. Still, the idea behind it is 

crucial to take into account, namely that technological innovation has had a profound 

influence on the development of the modern economy since the first industrial revolution, on 

which the next chapter will be focused.  

Figure 6: Kondratieff's Cycles of World Prosperity and Depression (Vaughan, 2013) 
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Chapter 2. Defining Industrial Revolution 

Before starting to talk about the concept of “industrial revolution”, what are the elements 

that define an industrial revolution and what are the characteristics of the innovations that 

determine these phenomena; the most notable events that have characterised these 

historical periods generally known as “Industrial revolutions” will be presented. The focus will 

be, in particular, on the first Industrial Revolution, which first occurred in Great Britain in a 

period around 1760-1840, then, on the second Industrial Revolution, which occurred primarily 

in the United States and Germany during a period around 1860-1930; and, finally, on the third 

Industrial Revolution, which occurred between 1970 and 2000, mainly in the United States, 

Japan and in the more industrialized western countries2 (Vickers and Ziebarth, 2019). 

After, a step back will be taken in order to understand the aspects that generally make a 

particular historical period, specific events, innovations, causes and consequences, an 

“industrial revolution”. This, in order to understand (in the next chapter) whether the period 

that is occurring today, considered by contemporary scholars as “the Fourth Industrial 

Revolution”, with changes that are transforming industry and society, is legitimated to be 

regarded as such under those already occurred previously in the history. 

2.1. The First Industrial Revolution 

The industrial revolution began in Britain, but it was a worldwide phenomenon. Its effects 

gradually spread to continental Europe and North America. For this reason, it is difficult to 

define a beginning or an end, as its effects have continued to spread over time in the rest of 

the world. Commonly, however, when it comes to approaching the theme of the Industrial 

Revolution, historians focus on the most notable events that triggered this phenomenon 

giving rise to an evolutionary process that would have changed the world.  

Starting in 1760, in England, a series of decisive innovations followed with impressive rapidity, 

which started the era of industrial mechanization. The technological innovations, which 

spread first in the wool production, also penetrated other sectors in rapid renewal from the 

coal mining, to the metallurgical one, up to the same production of machinery. In a complex 

 
2 For the historical description of the first and second industrial revolutions has been used as reference source 
mainly “L’età delle rivoluzioni e l’Ottocento. Dall’anitco regime alla società industriale” by Guarracino S., 
Ortoleva P., and Revelli M. (Mondadori Editore), 2007.  
For the historical description of the third industrial revolution has been used as reference source mainly “L’età 
contemporanea. Il Novecento e il mondo attuale” by Ortoleva P. and Revelli M. (Mondadori Editore), 2008. 
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game of interactions, each of the moving forces together became the cause and effect of the 

growth of others. 

The expression “industrial revolution” which would be coined later to name the whole 

process, perfectly renders the idea of the extreme speed and depth with which all the 

productive structures were transformed. The expression was consecrated in scientific use 

since it appeared as the title of the book published in 1886 by the English social reformer and 

historian Arnold Toynbee but was, in any case, already commonly used for many decades 

(Griffin, 2010). In the expression, what is most striking is the term “revolution”. In fact, it wants 

to suggest a profound transformation that occurred particularly quickly. These are irreversible 

changes, capable of generating dynamics which in the long run, affect not only the society of 

the place where the revolution happens but that of the whole world.  

The industrialization process developed in Great Britain between 1760 and 1840. Here 

agrarian capitalism had grown more than in any other countries, and the bourgeoisie had 

acquired a remarkable political status that could influence the nobility on the investment in 

productive activities. England benefited from some advantages over other European 

countries. The first was an abundance of mineral resources of coal and iron. The second was 

a particular availability of access to money to allow the investments necessary for the 

development of the industrial sector. The capital needed to start a textile industry remained 

very low until the early decades of the 1800s, unlike the profits that were high enough to allow 

the self-financing. The same was true also for the investments needed to start an iron 

processing industry. On the contrary, capital investments for large-scale trade were much 

more substantial.   Another favourable factor was the increase in the population, which, in 

this economic context, resulted in an intensification of the demand for goods and in the supply 

of labour.  

The search for a single cause is not likely to be very successful. The various elements expressed 

so far assume their full meaning if seen as a set rich of interdependencies. 

The increase in British productivity was a consequence of the introduction of machines in 

manufacturing activities. Before the 18th century most production, both manufacturing and 

agricultural, was based on manual household labour, combining for specific operations like 

harvesting and road building, larger village groups. The production of luxuries (cloth and metal 

objects) in some societies were left to craft guilds.  The first sector to be mechanized was that 



 

27 
 

of spinning. At that time, the wool industry was probably the real pillar of the British 

manufacturing economy due to the global value of production, the number of people 

employed, and the flow of exports it allowed. The nation was a leader in world trade for its 

textile productions. 

In 1733 John Kay introduced a decisive innovation in weaving machines by inventing the 

“flying shuttle”. This invention made it possible to reduce the gestures necessary for the 

craftsman and speed up the weaving, allowing the shuttle, that carried the weft, to pass faster 

through the warp threads and on a greater width of cloth. The introduction of the “flying 

shuttle” caused a split in the relationship between the spinning and weaving activities and 

proved to be very effective more than in the spinning of wool, in that of cotton. The 

affirmation of low-priced cotton fabrics favoured the process of mechanization and 

technological development and created a new large market. Within ten years between 1769 

and 1779, the entire spinning sector was revolutionized, in particular by the improvements 

made by Arkwright, Hargreaves and Crompton: these allowed to produce a homogeneous, 

thin and resistant yarn and to move simultaneously by the same worker a growing number of 

spindles. A second early sector to be mechanized was the steel industry that of coal. One of 

the first innovations dates back to 1698 when the Englishman Thomas Savery designed a 

primitive steam engine that, using atmospheric pressure, allowed to raise the water of the 

wells and tunnels from which the coal had to be extracted. However, it was only in 1765 that 

the experiments conducted on the force of steam induced James Watt to radically transform 

the principles on which, until then, atmospheric pressure machines were based, and to design 

the first real steam machine, which was then patented in 1775 (Mokyr, 1990). Watt’s machine 

made it possible to dig and drain the deepest wells in order to increase coal production.  The 

development of the network of transport channels and the steam engine allowed, starting 

from 1780, the production of fossil coal at lower and lower prices and this favoured its 

increasing use in industrial production replacing charcoal as fuel (Fremdling, 1996). One of the 

uses, which constituted a determining factor of this first industrial revolution, was that in the 

ferrous processing industry. Cast iron, although it was an extremely fragile material to be 

melted with the use of fossil coal (because it liberates sulphur and phosphates that damage 

it), thanks to the introduction of innovations such as the coke-smelting process and the steam 

engine, it was possible to start a low-cost iron production, and this was the real turning point 

for the industrial revolution. Thanks to the invention of the steam engine, it was possible to 
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advance in power technology. Previously, the primary energy sources available were animated 

energy and wind and water energy. It should be emphasized that this use of steam energy was 

exceptional and remained so for most industrial purposes throughout the nineteenth century. 

The affirmation of the industrial revolution profoundly changed the whole of English society. 

The spinning that was previously carried out at home in small rural villages turned into an 

activity of large urban factories driven by the power of steam engines. The steam spinning mill 

was the first example of a modern factory, with an average number of workers up to 200 units. 

As for the mining and metallurgical activities, the steam engine and the coke blast furnace 

made small companies disappear quickly, causing a polarization of industrial activity near the 

coal basins. The concentration of the activities had an immediate effect on the territorial 

distribution of the population with a consequent population growth of almost 60% in the 

second half of the century. This also started the great development of urbanization. 

If the steam engine and mechanical textile tools created the factory, this, in turn, created the 

modern industrial city. Britain became a country with an increasing number of urban centres 

that grew exclusively under the push of industrialization. The industrial revolution that led to 

an unprecedented production explosion guaranteed Britain’s production and commercial 

dominance all over the first half of the nineteenth century and became a model for Europe 

and the world. 

2.2. The Second Industrial Revolution 

Between 1850 and 1880 world trade increased 3.5 times, fuelled by gold from the new mines 

discovered in America; production had grown at unexpected rates (over 500 per cent in 

twenty years). A strategic role was played by the boom of the railways: they allowed to 

enormously expand the markets, quickly transporting goods to places previously inaccessible 

and, above all, they determined, for their construction and management, an unprecedented 

induced demand for iron, steel, and coal. The so-called “transport revolution” and the birth of 

the heavy industry, in particular, that of steel, gave life to what has been later called, due to 

the intensity of the phenomenon, “Second Industrial Revolution”. The beginning of this 

second industrial revolution is to be considered in a period dating back to the end or as a 

consequence of the “Great Depression”, an industrial and agricultural crisis that hit Europe 

first and then the United States, from 1873 onwards. This period that followed that of 

economic liberalism and self-regulation of markets was characterized by the so-called 
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“organized capitalism”, in which States became leading actors of the economic development. 

They initiated defence policies for national products and favoured processes of industrial 

concentration and the renovation of the financial and credit system. The second significant 

consequence of the “Great Depression”, destined to continue in the following decades, was 

the launch of an intense process of industrial concentration. In the years between 1873 and 

the early twentieth century, control of the economy was taken over by an ever-decreasing 

number of industrial and financial companies of increasingly growing size. In the United States, 

the process of progressive growth in industrial dimensions arose with high intensity, precisely 

because the industrialization of the country was more recent: the economies of the oldest 

development like Britain appeared more linked to the traditional organization of production, 

while the so-called “late comers” were more able to take on productive and modern 

structures from the beginning, and adapt them to the latest technical and organizational 

innovations. 

The new rate of growth in industrial productivity was determined by a massive wave of 

innovations that led to a real technological revolution, which, in a few decades would have 

changed the face of the world industry. In the last years of the free trade age and then in the 

following two decades, a large number of inventions and technical innovations were 

concentrated: not only new technical-scientific applications were developed, but also the use 

of new energy sources. In the mid-1960s, the Martin brothers developed a new process to 

produce steel, which gradually allowed costs to be cut by over 50 per cent and led to a large-

scale expansion of the steel industry. Almost in the same period, chemistry began its 

impetuous development: in 1867 celluloid was invented, in 1884 it was the turn of textile and 

artificial fibres and the mass production of synthetic dyes. Another technological innovation 

was the development of electricity as an energy source. The pioneering work came from an 

international collection of scientists including Benjamin Franklin from Pennsylvania, 

Alessandro Volta from the University of Pavia, and Michael Faraday from Great Britain. It was 

the latter to demonstrate the nature of the relationship between electricity and magnetism 

in 1831, and his experiments provided the starting point for both the mechanical generation 

of electric current, previously available only from chemical reactions inside batteries or voltaic 

batteries, and the use of this current in electric motors. In 1878, in the United States, Thomas 

Edison applied his inventive genius to search for new electricity applications and his 

development of the carbon filament bulb showed how this form of energy could compete with 
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gas as home lighting. Another important innovation that characterized the second industrial 

revolution and revolutionized the transport sector was the spread and evolution of the 

railways, thanks to the invention of the steam locomotive (Fremdling, 1996). In 1830, the 

Liverpool and Manchester railway constituted the first full-time rail service with scheduled 

passenger and freight traffic that relied entirely on the steam locomotive for traction. This 

started the “railway era”. From that moment, the railways were built in all countries and 

continents of the world, opening vast markets areas in the industrial society. The locomotives 

increased rapidly in size and power, but the essential principles remained the same as those 

established by Stephenson in the early 1830s. During the period of the second industrial 

revolution, there were important innovations also in telecommunication technology. The first 

was the electric telegraph, invented or at least transformed into a practical proposal to be 

used for the development of the British railway system, by Sir William Cooke and Sir Charles 

Wheatstone, who collaborated on the project and obtained a joint patent in 1837. Almost 

simultaneously, the American inventor Samuel F. B. Morse invented the coding language, 

which was later adopted all over the world (Mokyr, 1990). The telegraph allowed for the first 

time to send messages in real-time to very distant places. The world was, therefore, inexorably 

dragged into an increasingly connected society thanks to the diffusion of instant 

communication.  The electric telegraph was followed by the invention of the telephone in 

1876, realized by Alexander Graham Bell. By the end of the century, Guglielmo Marconi 

developed an effective remote telecommunication system via radio waves, i.e. wireless 

telegraphy or radiotelegraph, which had considerable diffusion and whose evolution led to 

the development of radio and television, and in general of all modern systems and methods 

of radio communication which used wireless communications. Another revolutionary 

innovation born in the thirties was photography, which profoundly influenced the world of 

information, proposing a new model of real, cold, and impartial information as produced by a 

machine. In 1890, as a result of greater scientific understanding of the principles of 

thermodynamics and research by engineers of a substitute of steam power, the internal-

combustion engine emerged. The first four-stroke internal combustion engine was theorized 

by Beau de Rochas in 1862 and began to be used in industrial automobile production. Thanks 

to this invention, another new energy source was legitimized, petroleum, which from that 

moment on would have gradually begun to replace coal. The firsts applications of the new 

engine to locomotion were made in Germany by Gottlieb Daimler and Carl Benz, who 
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equipped the first motorcycle and motorcar with engines respectively designed by themselves 

in 1885. Benz’s “horseless carriage” became the prototype of the modern automobile. By the 

end of the 19th century, the internal-combustion engine was challenging the steam engine in 

many industrial and transport applications. It is notable that, while the pioneers of the steam 

engine had been almost all British, most of the innovators in internal combustion were 

Europeans and Americans. The transition reflects the general change in international 

leadership in the Industrial Revolution, with Britain gradually losing its position of undisputed 

superiority in industrialization and technological innovation. Steel, chemical, 

electromechanical, technology and capital-intensive industries, became, from that moment, 

the driving sectors in all capitalist countries. Given the enormous investments they had to 

face, they needed to rely on a massive and constant production to amortize the high fixed 

costs. Mass production thus became a necessity. 

Industrial work, given the importance it was showing, became the subject of scientific study 

and organized according to criteria of efficiency and rationality, as never seen before. There 

was a real application of scientific principles to the production and organization of work. The 

country in which the most significant process took place was in the United States, where the 

rationalization movement focused not only on technological innovation but also on 

organizational innovation, therefore, not only in the most rational and scientific use of 

machines but also in the more rational and scientific employment of workers. Precisely the 

tendency to extend the principle of efficiency of mechanical engineering to human work 

became a qualifying factor of scientific management of which the work of Frederick Winslow 

Taylor constituted the most systematic synthesis. The novelty consisted in the systematic 

study of movements and work operations, to break down the work into its simplest 

movements and measure precisely the time needed to perform them. In the end, the best 

way was established to carry out that particular movement, of which the determining variable 

was above all the time necessary to carry it out. 

With the systematic use of machines and the standardization of production, the factory from 

a simple production unit increasingly resembled a complex system consisting of a large 

number of interconnected mechanical processes, each of which had to be synchronized and 

made functional to the others. These functions had to be performed not by individual workers 

but by an organization made up of a large number of technicians with limited and precise 

skills, and by a growing mass of employees, with non-productive but strictly organizational 
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and bureaucratic tasks. Depersonalization and bureaucratization thus became precise 

characteristics of mass production. 

The combination of these technical and organizational innovations generated not only an 

incredible leap forward in labour productivity and the overall volume of industrial products 

but also the definition of a new international hierarchy. Two new powers emerged strongly 

on the scene: Germany and the United States which acquired, around 1914, the world record 

for industrial production. Among the factors that allowed this primacy was, in the first place, 

the relative delay with which these states had started to industrialize: less bound by tradition, 

more inclined to technological and managerial innovation, they could devote their energies to 

new sectors and production processes, and attract financing from abroad for their activities. 

These conditions, in particular, favoured, on the one hand, the marriage between science and 

industry, and therefore the development of the electromechanical and chemical sectors; and 

on the other hand, the adoption of new systems for organizing and managing businesses. The 

United States, in particular, benefited from three unrepeatable conditions: the existence 

within the country of a vast colonizable space, to occupy which immense human resources 

had been invested; secondly, the entry from Europe of a massive flow of immigrant labour; 

and finally, the development of a “mass culture”, which favoured the spread of homogeneous 

behaviour throughout the country and therefore the rapid formation of an immense national 

market. 

Frederick W. Taylor was a production technician who knew the organization of the factory 

very well. His scientific organization of work, set out in the “Principles of scientific 

organization” of 1911, constitutes the most refined form of analysis of the working day in 

order to develop the most effective method for maximizing the amount of work provided by 

the worker in a limited number of hours. The first principle of Tayloristic rationalization 

consisted in the systematic observation of workers’ movements, in its chronometric 

examination and in the statistical classification of the times employed, in order to fix the set 

of norms and laws that established, in general, and abstract terms, the best way to perform 

specific tasks. In this way, it was possible to predetermine the times and methods of 

processing a product and also to establish what according to Taylor defined a “fair wage” for 

a “fair working day”. The entrepreneur was, therefore, able to control the execution of the 

work from the outside, emancipating himself from the knowledge and experience of the 
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worker. In fact, the second principle of Taylorism stated that, from that moment on, the 

worker ceased to be master of his job and started to depend on the entrepreneur also for his 

execution. Thanks to this method, was possible for the first time company planning, which 

was based on the separation of activities, in particular, intellectual work from manual work, 

and which presupposed the expropriation of workers’ knowledge in order to transfer and 

concentrate it in the management and design offices (third principle of Taylorism). 

The possibility of scientifically breaking down the tasks and calculating their time with 

precision, paved the way for that perfected production tool which is the assembly line. With 

it, the principles of work organization were incorporated directly into the mechanical 

structures: the machine started to determine the sequence of operations and to set the times 

that workers had available to perform particular operations. The assembly line was designed 

by another great protagonist of industrialism, Henry Ford, “the king of the car”, who 

experimented it in his factories in 1913. What was previously performed by a single worker 

was divided into several different operations in order to reduce production times and increase 

the outputs. Production thus became mechanized and standardized in a way in which each 

worker always performed the same simple operation. Thanks to mass production, the focus 

shifted from the centrality of the skilled worker to the massification and depersonalization of 

labour. The introduction of special machines, especially in the metalworking industry and the 

use of production techniques that accentuated the division and fragmentation of work, 

ensured that on the one hand men were replaced by machines and on the other that the work 

came simplified in a way that it was possible to easily employ unskilled workers.  

With the industrial concentration and with the birth of the great economic empires, the figure 

of the entrepreneur also changed: it gradually separated from that of the producer in the strict 

sense. While the production process was increasingly entrusted to that of the technician, the 

role of the owner/entrepreneur coincided more with that of the financier, the businessman 

who decides the use of money and makes the great commercial choices by delegating to 

others the productive management of the enterprise. At the same time, the increasing role of 

financial capital, used in the new industrialization phase, increasingly transferred the power 

to decide on the development of investments to new figures outside the company such as the 

banker and the financier. With the spread of joint-stock companies, ownership tended to be 

separated from control by making ownership of shares an annuity and entrusting the 

management of the business to managers. 
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2.2.1. The First World War 

War was the most authentic expression of the transformations that developed in 

industrialized societies since the Great Depression. Economic and industrial development 

made available to armies means of destruction never seen before in the history of humanity. 

Their massive use gave a further push to technological innovation, thus allowing science and 

technology, as well as, political and economic organization, to make irreversible quality jumps. 

For the first time, the dense rail and road network, the fastest means of transport and the 

most modern communication tools, were used for war purposes. Furthermore, with the 

outbreak of the First World War, there was a rapid conversion of modern inventions and 

technologies into war instruments. One of the most devastating was the use of gas, made 

possible thanks to advances in chemistry. The other great invention, turned into a powerful 

war vehicle, was the internal combustion engine. It not only allowed to revolutionize the 

techniques of moving the troops, but it produced a new powerful weapon: the tank. The 

gasoline-powered aeroplane was another important invention immediately used for military 

purposes. Invented in 1903 by the Wright brothers, it saw its most considerable development 

during the war.  The war set in motion vast sectors of industry and great strides were made in 

science and technology thanks to the constant use of scientists in research. The entire 

industrial apparatus was subjected to pressure from an overwhelming demand for weapons 

and war materials: the industrial army grew with incredible rapidity and, in these conditions, 

production was subjected to direct government control. The idea of “great organized 

capitalism”, born as a response to the Great Depression, found in the war the opportunity for 

its systematic application. 

2.3. The Third Industrial Revolution 

Between 1982 and 1983, in the economies of the major industrialized countries, a decisive 

turnaround from the problematic situation of economic instability caused by the oil crisis of 

the 1970s emerged. After the long crisis, a new period of economic expansion started, firstly 

driven by the USA, but which also concerned the intense development of the Japanese 

economy, the revival of the German economy, as well as the rise of new industrial powers in 

the Pacific area. The factors that determined this economic recovery can be synthesized 

mostly in three. The first was the fall in prices of raw materials that allowed sharp inflation 

and made it possible to reduce manufacturing costs, with strong growth in profit levels and 
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an incentive for investments. Second, was the advent of the globalization of the economy, 

which allowed to place every stage of industrial processing in geographic areas in which it was 

more convenient, in relation to the cost of labour, raw materials and the proximity of the 

market. Last, it was the role of the public presence in the economy that not only helped 

businesses but also favoured high-tech sectors. 

It can be said that the phase of intense development that went through the industrialized 

countries during the 1980s was mainly the consequence of a widespread process of 

transformation and profound reorganization of the most advanced economies already 

underway since the mid-1970s. From that moment, in fact, the western world experienced a 

phase of profound transformation on the economic level comparable, in terms of intensity 

and consequences, to the first two industrial revolutions. Not surprisingly, this period was 

called the “third industrial revolution” and, like the previous one, saw the development of 

new sectors which in turn influenced the organization of work and stimulated productivity in 

more traditional economic activities. The main driving sectors were those of information 

technology and telematics, whose union created ground-breaking inventions emblem of this 

revolution, the computer and the Internet. Nevertheless, the contribution of information 

technology to the third industrial revolution was not limited to this alone. It gave an essential 

boost to the reorganization of commercial networks, favouring the concentration of 

companies and the capillarity of distribution in a previously much more segmented sector. 

The use of information technology led to, above all, rapid progress in automation in large and 

medium-sized industries, promoting a substantial increase in productivity in industrial plants 

and offices. Furthermore, it is crucial to remind together with information technology, the 

development of biotechnology, that is the activation in the field of agriculture and breeding 

of technologies such as genetic manipulation techniques. 

2.3.1. The development of information technology and telematics 

The application of electronic machines to the treatment and the processing of the data goes 

back to the years of the Second World War. It was then that, in response to the war needs of 

the US, some scientists of European origin created the first calculators, machines capable of 

storing large masses of numerical information and making calculations quickly, which, with 

other instruments would have required much longer times. In the following years, some US 

scholars defined the basic concepts of a new scientific discipline, information technology 
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(informatics), which gradually established the laws relating to the processing and the 

transmission of information. The term itself derives from “information” and “mathematics”, 

precisely indicating the mathematical treatment of data. 

In the 50s and 60s, more and more powerful and manageable computers were produced, 

while the operating cost gradually decreased. Although the war apparatus has long remained 

the largest user of information technologies and has contributed more than any other sector 

to their renewal and development, already in the 1950s, the computer began to be used in 

the administrative apparatus of large companies such as accounting and mass storage tool. 

Around the mid-70s, on the initiative of some Californian scientists and some young 

technicians, much more innovative calculators were tested and then put on the market. These 

were machines with limited power, designed to serve a single user or a small group, not a 

large device: they were called in fact “personal computers”.  For some years, the new 

machines were received with relative scepticism in the consolidated industry. However, they 

demonstrated the need for a new market, to which the traditional IT industry had never 

turned, consisting of professionals, intellectuals, students and also workers of large 

companies. In 1981, IBM, the largest company in the industry, also began producing personal 

computers. In the following years, a radical change in the organization took place also in large 

companies in the IT field: the use of personal networked devices capable of communicating 

even with more powerful machines spread. At this point, the development of information 

technology was linked to another new sector, that of telematics, a sector that has been 

expanding rapidly since the mid-1970s. 

The symbol par excellence of globalization is undoubtedly the Internet. It welds together 

computer and remote communication, that is, computer science and telematics, the two 

pillars of the third industrial revolution. It physically represents, starting from its operating 

code, that concept of synchronicity and simultaneity which constitutes the essence of the 

current space revolution. In fact, on the network where information travels at the speed of 

light, the very concept of “place” loses its meaning. In the world of the internet, 

communication speeds and interactivity coexist, producing an unprecedented spatial reality. 

The invention of the Internet represented the starting point of a new long-lasting 

development cycle comparable in some ways to that inaugurated by the invention of the 

internal combustion engine. The Internet immediately underwent an intense process of 
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restructuring of the contemporary economy and the pace with which it has grown in a few 

years has the spectacular character of the great epochal turning points. Its history began in 

the sixties when the Pentagon decided to create an information network, capable of 

connecting multiple computers together. The body that developed the project was the 

Advanced Research Projects Agency (ARPA), and the network was initially called ARPANET. It 

had to allow continuous communication of data directly from the processors that produced 

it. It was, therefore, a matter of transforming machines physically very distant from each other 

into a single integrated system, equipped with its own language and its own specific 

communication protocols. This network also had to be able to survive, that is, to continue to 

connect and communicate, even whether one or more “nodes” were damaged or destroyed 

following a potential nuclear attack. In 1968 the project took a big step forward with the 

invention of the appropriate language that allowed to send elementary messages remotely 

that could be read by other computers. In 1982, have been developed and adopted the two 

protocols that established the rules that defined the standard format in which the data had to 

be translated in order to be transmitted and received, respectively called TPC (Transmission 

Control Protocol) and IP (Internet Protocol). In 1984 has been developed the domain name 

server system DNS, the technique of defining addresses to identify the various users of the 

network. From that moment on, universal communication was made possible. Everyone, 

starting from a given address, could reach any other user of the same communication protocol 

in possession of his own address. The network was thus ready for mass usage. In 1981 there 

were just 213 computers connected and equipped with their Internet address, in 1987 they 

had already become 28,000, and in the early 90s, they were starting to exceed half a million.  

In 1990 ARPANET ceased to exist and the first private provider appeared. This was another 

step forward that allowed not only the large cultural and industrial institutions, but also 

individuals, to surf the net, and, since then, growth has been exponential. 

2.3.2. The Globalization 

The concept of globalization alludes to a profound transformation in the social perception of 

space, to a new "spatial revolution", which was expressed with the unexpected and drastic 

reduction of distances, that is, in the possibility to perceive geographic points of the planet 

considered up to then extremely distant, as suddenly close and interdependent. This new 

perception was the effect of the new mass media and the impetus of the transport revolution 
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that took place in those decades. On the one hand, thanks to the development of 

telecommunications networks, it was possible to circulate information with speed comparable 

to instantaneousness, on the other, goods and people began to circulate in an infinitely 

greater quantity than that of a few decades ago and to an infinitely higher speed at drastically 

reduced costs. From that moment on, in the technological and economic field, the decisive 

processes and events began to take place on a much larger spatial scale than that of the 

nation-states and with a high degree of interdependence, and began to be "global" in 

character. , from which the term "globalization" draws its meaning. The term globalization 

concerned several aspects or "stages". First, there was a mercantile globalization, that is, the 

free movement of goods, industrial products and services, across the borders of national 

states, in increasingly large and homogeneous geographical areas. It took place close to the 

Second World War, starting from the Marshall Plan which created a vast free trade area 

comprising the main industrial countries; followed by the birth of the European common 

market and other aggregations such as Mercosur in Latin America, etc .; up to the trade 

liberalization carried out by the World Trade Organization in 1994. At the same time, another 

process of progressive cultural homologation unfolded: the diffusion of essentially 

homogeneous or standardized lifestyles and consumerism, thanks to the diffusion of 

television, cinema, and advertising. From that moment, a series of consumer goods (cars, 

jeans, t-shirts, soft drinks, computers) became "world-wide", with a predominant effect on 

international trade that began to grow exponentially. The second aspect of globalization was 

that of the globalization of production processes, or rather, the formation of transnational or 

multinational companies. Starting from the 70s, thanks to the telematics that allowed to 

transfer a large mass of information in real-time and to the reduced transport costs, the 

companies began to decentralize their production: that is, to place, in very distant countries, 

the different segments of its production-cycle by choosing the most convenient location for 

each of them (by prices, raw materials, regulations, infrastructures, etc.); they, therefore, 

began to distribute their value chain in various territories. All this gave rise to a truly integrated 

international production system, which crossed the borders of the nation-states and largely 

escaped their control. Finally, the third aspect of globalization was the accelerated and 

increasingly intense movement of financial capital. This aspect began in 1971 when the Nixon 

administration in the United States was forced to declare the dollar's convertibility in gold, 

and therefore to let the currencies float freely. From then on, the possibility of political 
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regulation of exchange rates of currencies became increasingly difficult, and the market 

established itself as the only location where each currency could see its value defined on the 

basis of the law of supply and demand. Since then, thanks also to the development of 

telematic networks on a global scale, a mass of wealth, without constraints and national 

borders, became free to move from one part of the world to another. 

2.4. The concept of Industrial Revolution 

The phenomenon of the Industrial Revolution was not constituted by a historical episode 

alone; it continues to shape the contemporary world (Stearns, 2013). It was called 

“revolution” because its effects have changed the world and “industrial” as the main effect 

was the industrialisation process. However, industrialisation was not the only aspect; the 

industrial revolution has changed every facet of human life.  The phenomenon started almost 

two and half centuries ago, and during this long period, historians have identified three phases 

of industrial revolution, or three industrial revolutions, which have been historically described 

above. Here in this section, the focus is to identify the most common characteristics of these 

three phenomena in order to define a general concept for the industrial revolution. 

First, the industrial revolution has been a global process, which started in a specific place and 

gradually spread around. Each major wave of industrialization quickly spilled over into other 

societies that were not industrialized before, altering basic social and economic relationships 

(Stearns, 2013).  

The most important aspect to consider is the technological one. Rather than industrial 

revolutions, they can be better considered as technological revolutions, primary sources of 

economic progress and which have led to changes and adjustments in the arrangement of 

society (Vickers and Ziebarth, 2019). Therefore, the triggering event of all industrial 

revolutions has been, most of all, the introduction of new inventions and the application of 

new sources of power (Stearns, 2013). So that, since the first industrial revolution there has 

been the replacement of humans and animals as power sources, with, the steam and the coal 

energy first, and then, with the electricity, the internal combustion engine, and the petroleum.  

In the early stages, the introduction of new power sources and inventions presented 

considerable delays for its implementation, for this reason, it had a little measurable impact 

on the overall production rate, but in the long run, with the introduction of new machinery 
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and the organisation methods of labour, quickly created a sense of major change, even among 

groups not directly involved (Stearns, 2013). 

There have been not just radical innovations concerning machinery or power sources, but also 

an organisational kind of innovation, that it was initially symbolized by the factory, and then 

it concerned more the production processes. So, starting from before the first industrial 

revolution in which the activities were centred in the household,  it passed through the early 

industrial factory with more specialization and subdivided tasks and finally arrived to the 

industrial-style organisation involved in a more management of workers and with a fast and a 

more coordinated work pace.  

The two central features of industrialization, revolutions in technology and the organization 

of production generated one clear result: a considerable rise in the total output of goods and 

individual worker productivity (Stearns, 2013). The increase in labour productivity is one of 

the aspects that most unites all the industrial revolutions. Nevertheless, the productivity 

explosion was not widespread in the first phases; it concerned only some sectors and the 

overall per capita output grew only gradually. Consequently, in every industrial revolution, at 

least in the early stages, the gap in living standards within society expanded (Furman, 2018). 

The productivity gained momentum several decades after the first introduction of new 

inventions and production processes because implementing these technologies also required 

complementary investments that took time to be built out. 

As several economic historians pointed out, especially the first industrial revolution, for some 

aspects, was anything but a revolution (Vickers and Ziebarth, 2019): there were little total 

factor productivity and real wages growth until perhaps the middle of the 19th century (Mokyr, 

2004). The lag between the invention and the real implementation contributed to this initial 

deceleration.   

Another critical aspect that played a significant role in the industrial revolutions is demography 

(Klingemberg, 2017). In the 18th century (first industrial revolution) population began to grow 

fast, and this created demand and labour supply. During the second industrial revolution, the 

population continued to rise, increasing the demand and, with the growth of industrial 

activities, migrations contribute to increasing labour supply. Finally, during the third industrial 
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revolution, the world population has almost doubled: from 3,7 billion in 1970 to 6,3 billion in 

the early 2000s3. 

As Professor Peter N. Stearns said, the risk in analysing the industrial revolution is an 

oversimplification, because it has been a complex phenomenon which has involved every 

aspect of human life, springing as a consequence of already existent changes. This is important 

to keep in mind since it is useful to explain why some society experiences a phenomenon such 

as the industrial revolution and why others not. Identifying a single concept that encloses and 

captures all the aspects of a similar process of change is definitely unfeasible.  

In the 1950s the economic historian W. W. Rostow sought to create an abstract model of the 

industrial revolution that could describe different stages of development to include all 

industrial revolutions. In his book, “The Stages of Economic Growth”, sought to define a theory 

of economic development which provided an analysis framework for the following reflections 

on industrialisation. In it was assumed that the transition from agricultural companies to 

industrial companies could be formalized in a series of phases or stages, which change from 

country to country as regards the times, intensity and methods, but are everywhere to 

configure a process of industrialization in the proper sense. Rostow identified five stages of 

economic growth: the traditional society, the preconditions for take-off, the take-off, the drive 

to maturity and the age of high mass consumption (Rostow, 1960). The first is the stage of the 

“traditional society”, that is, a society in which its structure has developed inside limited 

productive functions. In this context, productivity is extremely low, technical, and social 

innovation are quite non-existent, and the change almost absent. Being the agriculture the 

only source of sustenance, the rate of demographic growth is maintained low by the low 

agricultural productivity, and totally dependent by the trend of harvests, plagues, and 

famines.  In the second phase, there are the preconditions for the take-off, that are the 

preconditions for the cultural, political, social, or economic development. For example, 

Rostow highlights the need of the growth of the rate of investment, so that the productivity 

overcome the demographic development; the introduction of innovations in agriculture that 

make more effective soil exploitation; the increase of working capital and the birth of an 

efficient bank system. This is the phase which most western European countries passed 

through during the 18th century and which Great Britain overcame in the last decades of the 

 
3 Department of economics and social affairs. World Population by year. Worldmeter. Web. June 4, 2020. 
(https://www.worldometers.info) 

https://www.worldometers.info/world-population/world-population-by-year/
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18th century.  The third phase is the crucial phase of the “take-off”, corresponding to the real 

industrial revolution. In this stage, the real progress breakpoint is constituted by the strengths 

tended to the economic progress that had produced only limited effects, spread, and come to 

dominate the whole society. The development here becomes a normal condition. The take-

off is identified mainly by technical conditions: the massive diffusion of new industries, 

technical and technological innovation, the use of growing shares of manpower, the creation 

of profits subsequently invested in industrial activities; all this according to a process that 

feeds itself and grows on itself.  According to Rostow, when a society enters in the take-off 

stage, it assists in an irreversible maturation of its economic structure for a decade or two.  

The fourth stage is the transition to maturity. Maturity can be defined as the phase in which 

one economy demonstrated its capacity to go beyond the industries that originally gave rise 

and sustained its take-off and to absorb and apply the most advanced outcomes of modern 

technology efficiently. It is a phase in which the society demonstrates its entrepreneurial and 

technical ability to produce anything it decides to produce. According to Rostow, this phase is 

reached in a period around 40 and 60 years after the take-off.  The fifth and final stage is 

identified with the development of great mass consumption. In it, the driving sectors turn into 

durable consumer goods and services; the per capita income rises to the point of allowing a 

substantial mass of citizens to access consumer goods that transcend the regular need for 

food, housing and clothing; and workers employed in industry and services become the vast 

majority of the population. 

In synthesis, looking at Rostow’s model and considering the reflections that have been made 

in the first part of the chapter about technology cycles, the industrial revolution could be seen 

as a cycle that includes a massive set of technological changes and which begins when radical 

innovations in technologies and in organisational forms are extensively introduced in key 

manufacturing sectors, and ends, in the truly revolutionary phase, when these innovations are 

widely established in the economy at large. Subsequent changes are ensured, but they arise 

within the contours of an industrial society. Some of these radical innovations for certain 

specific characteristics they present are called general-purpose technologies.  

2.5. General Purpose Technologies 

Some of the radical innovations that have characterized the rise of the industrial revolution, 

such as steam, electricity, and information technology, are often classified as general-purpose 
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technologies (GPT). The concept of GPT emerged with the idea that technologies are not alike, 

and to define a relationship between technological development and economic growth. The 

literature that deals with general-purpose technologies was initiated by David in 1990 and 

Bresnahan and Trajtenberg in 1995, where GPTs are defined as infrequent but pervasive 

exogenous technological innovations that trigger a whole series of further technological 

developments, fully shaping a technological era,  and able to generate long-term positive 

effects on economic growth (Bresnhan and Trajtenberg, 2015). GPTs characterized themselves 

for enabling mechanisms for complementary innovations in downstream sectors, whose 

development leads to the transformation of the economic system as well as to generalized 

productivity gains (Bresnahan and Trajtenberg, 1995).  

So far, much of the early literature has argued that the diffusion of a new GPT in one economy 

is correlated with an initial slump (recession phase), characterized by a productivity slowdown, 

followed by a take-off phase, characterized by a fast productivity acceleration (Helpman and 

Trajtenberg, 1995). The initial slowdown is explained by learning effects caused by the 

introduction of the new technology, and to the allocation of productive resources to develop 

new compatible and complementary capital required to use the technology. The prediction of 

a productivity slowdown after the introduction of a new GPT is not universally accepted 

(Ristuccia and Solomou, 2014). The only feature that seems common to all general-purpose 

technologies’ theories is that their introduction should eventually determine a productivity 

rise and create long waves of economic growth. However, the univocal effect of the 

introduction of a new GPT is difficult to calculate, as the change in the rate of economic 

growth, at any time, is determined by different GPTs at different stages of their own life cycle.  

To synthesize, the main features, derived by the literature4, that characterized the GPTs are: 

• Pervasiveness - which is the ability of technology to be used and to have an impact on 

the technical change and productivity of many sectors 

• Improvement - which is the ability of technology to improve qualitatively over time, 

leading to sustained productivity growth and lower costs for its users 

• Innovation spawning - which is the ability of technology to facilitate innovation and 

the production of new products and processes in the application sectors 

 
4 Bresnahan and Trajtenberg, 1995. Jovanovic and Rousseau, 2005. 
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Although, there is not a list of GPTs commonly accepted, there are three on which many 

commonly agree: the steam engine, electricity, and the information and communication 

technology (Clark 2014); the same three mentioned in the original article by David (1990) from 

which much of the GPT literature derives (Ristuccia and Solomou, 2014). Some other scholars 

identified a more expanded list of innovations. Here are presented the three most 

ascertained.  

The steam engine, the icon of the first industrial revolution and of the 19th century, has long 

been at the centre of a large debate about its legitimation as GPT. Even if its diffusion has been 

very slow, considering the pervasiveness, the steam engine, has found its field of applicability 

in the major economic activities of the industrial countries over a span of almost two 

centuries. Steam became the primary power source for water and land transportation during 

the 19th century. It was also crucial for coal mining, railroads and in powering the new textile 

factories.  Looking at the innovation complementarities, the diffusion of the use of the steam 

engine caused a dual process, first of industrialization and then of urbanisation (Rosenberg 

and Trajtenberg, 2001). The latter was mainly due to the process of relocation of industries 

from rural to urban environments, as an effect of the substitution of waterpower with steam 

power. This, in turn, encouraged both the growth of cities and the concentration of 

manufacturing. Another mechanism spurred by this invention was the fostering of a much 

larger scale in manufacturing with the realization of scale economies. Last, it promoted, thanks 

to the development of the metallurgy industry, the building, and the diffusion of railroads.   

Electricity is one of the breakthrough technologies of the modern era. It is the most pervasive 

invention, that, still today remains the primary power source, even for the manufacturing 

sector (Ristuccia and Solomou, 2014). Its effects over time have been the fractionalization of 

power within factories, enabling the much more efficient relocation of machines on the 

factory floor according to the workflow and not to power requirements.  

Last, the most recent generally accepted GPT is the ICT (Information and communication 

technology). ICT-related inventions have created the opportunity to rapid productivity 

increases in many sectors of the economy, thanks to knowledge and communication 

exchanges (Castellacci, 2008). Its application is in every sector of the economy, in particular in 

the service industry, whose activities are based on a more intangible and knowledge-based 

nature. As a result of the introduction of this invention, there was once again the 

transformation of the economic landscape, shifting the boundaries and position of the 
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business, favouring many of the facets of globalization, and perhaps even making teleworking 

a viable option. 

Each of these GPTs reduced the costs of production, and they spawn innovation. Also, they 

favoured the emergence of new players in the market, going to the detriment of incumbent 

firms. For example, in the IT-era, the adoption of IT involved very high adjustment costs for 

incumbent firms than for new players.  

In conclusion, the concept of General Purpose Technology (GPT), which combines technical 

change with social and economic change, tries to explain the main developments that have 

taken place in the economies in which a dominant technology has translated in a remarkable 

transformation with a significant economic and social impact, as happened during the 

industrial revolutions. In the next chapter, it will be investigated whether these aspects are 

also present in what many currently individuate as the fourth industrial revolution. 
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Chapter 3. The Fourth Industrial Revolution  

In the previous chapter, the main historical events of the first three industrial revolutions have 

been presented, going then to focus on the concept of the industrial revolution, the aspects 

that determine it and the characteristics of the innovations (products and processes) that have 

led to the development of these phenomena.  

Now, the focus of this chapter will be on a number of critical areas of technological innovation, 

whose implementation in the industry is taking place nowadays, in order to investigate if they 

can really represent the trigger of a new industrial revolution, already known as Industry 4.0. 

The Fourth Industrial Revolution, more commonly known as Industry 4.0 (Kagermann et al., 

2013), is the one many argue that its development is currently taking place, but no conceptual 

or operative definition has been identified yet, neither universally recognised. The term 

Industry 4.0, used for the first time by Henning Kagermann, Wolf-Dieter Lukas and Wolfgang 

Wahlster at the Hannover Fair (Germany) in 2011, has been coined to indicate the process of 

the growing integration of cyber-physical systems in industrial processes (Fiandese, 2015) with 

the aim of increasing the competitiveness of manufacturing industries, and to describe how 

this process will revolutionize the organisation of global value chains.  

Although many scholars tend to consider the fourth industrial revolution as a separate event 

from the previous one, it can be better understood as an evolution of this latest one, in that, 

instead of focusing on the automation of machines and processes only, it aims to digitize, first 

of all, the manufacturing sector, renewing the value chain, up to everything that surrounds 

humans, by combining physical and virtual world and shaping a totally digital ecosystem. For 

this reason, this historical phase is also called by many “digital transformation". 

The fourth industrial revolution (4IR) manifests itself in the manufacturing industry, as a 

transformation of the value chain due to the digitization of all its production phases, up to the 

realization of the final product or service. The use of new technologies implies a greater 

connection between people, devices and machines allowing to create integrated systems 

without any boundaries, in which data and information are transmitted in real-time among 

them, and in which there is constant monitoring and control that guarantees more effective 

solutions and production choices in terms of costs and time.  

The level of technological innovation, in this revolution, is high as never seen before: physical 

objects are perfectly integrated into the information network and thanks to the Internet, 
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intelligent contexts, able to respond to any external input independently and timely, are 

created. These objects can work autonomously based on the data they collect or exchange 

with each other. Once combined with other technologies such as artificial intelligence or cloud 

computing, they enable the automation of entire business processes, including the repetition 

of intellectual tasks previously performed by humans (European Patent Office, 2017). 

These aspects define what is now called the "smart factory", that is, the new concept of the 

factory revised in a 4.0 key, which originates precisely from the idea of continuous innovation 

and improvement. It is based on three cardinal principles: smart production, that is identified 

by the new production technologies capable of interconnecting workers, machinery and other 

instruments; smart services, that are all those innovative services capable of integrating and 

connecting systems and companies with each other and with other external structures; and 

smart energy that aims to reduce energy consumption in a more sustainable perspective 

(Argenti, 2017).5 The goal of the smart factory is to create a network of machines that can not 

only produce more and with fewer errors, but also that can autonomously and promptly 

modify production schemes according to the external inputs it receives, and in the meantime 

maintain the same degree of efficiency (Fiandese, 2015). Precisely this ability of the company 

to be able to quickly adapt production (supply) on the basis of individual needs (demand) is 

one of those that most characterizes this industrial revolution. 

The reasons described above are just some of the most evident and explain why once again 

we are talking about a “revolution”, for the scale of its impact. An impact that is becoming 

increasingly higher, forcing companies to not just simply change the way of producing or the 

resources they use, but to completely rethink and reinvent the way of doing business, the 

organization of the company, the production processes, the management, and also the roles 

and the responsibilities of people forming the organization.   

Moreover, the speed of current breakthrough innovations has no historical precedent both 

for the rate of diffusion and development. In fact, compared with previous industrial 

revolutions, many argued that the 4IR is evolving at an exponential rather than a linear pace 

(Schwab, 2016).6 

 
5 Argenti M. Industria 4.0. It solution, 2017. Web. June 6, 2020. (https://itsolutionsrl.it)  
6 Schawb K. The Fourth Industrial Revolution: what it means, how to respond. World Economic Forum, 2016. 
Web. June 6, 2020. (https://www.weforum.org)  

https://itsolutionsrl.it/2017/07/industria-4-0/
https://www.weforum.org/agenda/2016/01/the-fourth-industrial-revolution-what-it-means-and-how-to-respond/


 

49 
 

This, in the coming years, could have a significant impact on industries that could witness the 

advent of new players, able to take advantage from this new wave of technological innovation, 

and, at the same time,  the disappearance of some incumbent companies, more reluctant to 

change their business following the current innovative trends, or too embedded in their 

current organization of processes to adapt. 

The origins of the Fourth Industrial Revolution can be traced back to the 2000s with the spread 

of the so-called “smart production” created through the widespread use of telematics 

connected to objects. Although, it was only in 2011 that Germany launched for the first time 

the notion of Industry 4.0, and in 2015 that Klaus Schwab, executive chairman of the World 

Economic Forum, introduces the phrase “Fourth Industrial Revolution”. Governments 

worldwide have realised the importance of the new generation of manufacturing. They have 

activated many initiatives including raising awareness, action plan, support, investment in 

infrastructure, sponsorship, and tax benefits, in order to facilitate its implementation into 

local businesses (Büchi et al., 2020). 

Germany is still today the leading player of this revolution, devoting to it its greatest attention 

and resources, as Industry 4.0 has constituted a national strategic project since 2011, including 

a series of initiatives supported directly by the German federal government.  

This plan has spurred the rest of the world to take action. For example, following the German 

Project, also the European Industry 4.0 initiative has taken off at a communitarian level. This 

plan encompasses a series of measures to coordinate the efforts of the member states to the 

digitization of industry and other related services with an investment plan of 50 billion euros.   

Elsewhere, the United States has developed a manufacturing program introducing technology 

institutes engaged in the research and commercialization of technologies such as clean 

energy, new materials and composites, flexible hybrid electronics etc. Also, Japan has put in 

place a series of measures aimed at encouraging investments functional to technological 

transformation. In addition to industrial plans, research programmes have been launched to 

develop studies into new enabling technologies designed by companies or private 

organisations. 

Industry 4.0. represents an objective for industrialized countries all over the world, and many 

countries, in addition to those already mentioned, have implemented policies on digitization, 

with different funding, formulations, and implementation plans. 
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3.1. The Enabling Technologies of the Digital Transformation 

Over the past ten years, a series of technological innovations, that are considered the pillars 

of Industry 4.0, has been developing. While previous industrial revolutions were concentrated 

almost on one major technological breakthrough, the “fourth industrial revolution” originates 

with a combination of crucial innovations, that, as will become evident, are all interconnected 

and support each other.  All these technologies are made possible and are boosted through 

digital power and the Internet connection. They constitute the reason why Industry 4.0 is 

creating such interest nowadays, and industry players are investing significant resources in 

acquiring and developing them in their production processes. Those most relevant are going 

to be analysed below. 

Overall, they can be resumed with the six Industry 4.0’s design principles, that are: 

interoperability (Cyber-physical systems and the Internet of Thing ), virtualization (simulation, 

virtual and augmented reality), decentralisation (automation and autonomy), real-time 

capability (Big Data and Analytics), service orientation (Internet of Service) and modularity 

(Smart Factory).7 These innovations involve products, processes, organizational and business 

models and find space in all company functions, from research and development to 

production, and affect all actors along the value chain (Cabigiosu, 2018). 

Cyber-Physical Systems (CPS) are defined as the combination of physical and cybernetic 

systems (Lee et al., 2015).  They represent the fusion between the physical and the virtual 

world and constitute a central component of Industry 4.0. Practically, in the CPS the physical 

systems are connected with the cybernetic ones and act in tandem: everything that happens 

in the physical impacts the virtual and vice versa, the two systems act as if they were one. 

They are embedded software systems, forming a network, able to collect and pass on specific 

data.  Basically, CPS can be defined as systems in which physical objects are required to be 

accompanied by their representation in the digital world, are integrated with elements with 

computing, storage, and communication capabilities, and are connected to each other in a 

network. In the manufacturing environment, these Cyber-Physical Systems involve smart 

machines, storage systems and production facilities capable of autonomously exchanging 

information, triggering actions and controlling each other independently (Klingenberg et al. 

 
7 Infographic – Supply Chain Indusrty 4.0 & Smart Factory. Datex. Web.  June 6, 2020. 
(https://www.datexcorp.com) 

https://www.datexcorp.com/infographic-supply-chain-industry-4-0-smart-factory/
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2013). With this kind of technology, the intelligence of the system is not centralized in a single 

unit, but it is distributed in the process steps, which at the same time gives more stability and 

greater flexibility to the operations (Klingenberg, 2017). 

Its application in the industries aims to increase the implementation of large-scale systems by 

improving the efficiency, adaptability, autonomy, functionality, and usability of such systems. 

Applications of this technology span many disciplines such as agriculture, education, energy 

management, healthcare, transportation systems etc.  

Artificial intelligence, a branch of computer science, consists in developing computer 

programs that give machines the ability to have their own intelligence, capable, on the basis 

of external inputs that it can receive, to act accordingly completing tasks without any human 

intermediation. Through these characteristics, systems are able to "solve difficult problems 

rationally or act appropriately to achieve goals in any real circumstances they may encounter" 

(Executive office of the president of the United States of America, 2016). 

The idea of being able to attribute intelligence to a machine is something that dates back to 

the 1940s with the figure of Alan Turing who, for the first time, spoke about the intelligence 

of machines, wondering if they were able to think. He through a practical test for computers, 

"The Turing test", put forward the idea that machines could be programmed to learn as it 

happens with children at school. 

Artificial intelligence takes advantage of Big Data analysis to learn, understand and interpret 

information, behave adaptively, plan, make inferences and solve problems. One of the most 

critical factors that have supported the growth of artificial intelligence is represented by the 

machine learning, which enables the computer to learn without being programmed explicitly 

(Hofmann, Neukart, Back, 2017). Machine Learning is considered as one of the most important 

technical approaches that has guaranteed AI to evolve and achieve incredible results. It 

focuses on projecting programs that develop and change by themselves, as soon as new 

information is provided. This allows the machine to learn from past experience and improve 

its future performance. It is very useful when human expertise is not enough; the solutions to 

a certain problem change over time, or need to be updated to specific cases.  

AI’s algorithms can also face problem-solving, language-understanding, logical reasoning, and 

perception. To date, AI has undergone a strong acceleration in its applications to numerous 

activities. In particular, when talking about AI, it is necessary to associate this with other 

fundamental concepts, that are, automation and autonomy, which will be presented in 
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greater depth in the next section of the chapter focusing on its application in the automotive 

industry.  

Automation is one of the drivers of this (presumed) industrial revolution. It consists in the 

replacement by the machines of some tasks previously carried out by humans, especially those 

tasks, characterized by a repetitive and boring nature, which in the long run can affect physical 

and mental problems. These tasks are not always physical, but they can also be activities that 

require a mental and cognitive commitment, so that, machines, thanks to the intelligence they 

are equipped with, can easily and often with better results, replace human work. 

The concept of automation is followed by another characteristic of AI, that of autonomy. 

Autonomous systems are those capable of operating and adapting to circumstances without 

or with little human intervention; in fact, thanks to their intelligent skills, they can immediately 

grasp a problem and act autonomously to solve it. These systems, in the context of the smart 

factory, are called machine-to-machine systems (M2M), in which machines are able to 

perform processes independently. 

From drones, and self-driving cars, to translation software, and virtual assistants, AI is 

increasingly around us. One of the most revolutionary fields of application is, furthermore, in 

that of robotics. Artificially intelligent robots are becoming an integral part of all industrial 

productions, and thanks to the advances this technology, they have become increasingly 

autonomous, flexible, cooperative, and capable of performing very complex tasks. 

The Industrial Internet of Things (IoT), together with CPS and AI, can be considered as ones of 

the main drivers of Industry 4.0 and is often seen as the synthesis of what this fourth industrial 

revolution represents. The term, coined by Kevin Ashton in 1999 during his employment at 

P&G (Lueth, 2014)8, indicates the use of the Internet, therefore, the network, to connect 

different devices and equipment and to create a totally integrated system of technologies, 

capable of communicating with each other and exchanging information. Furthermore, thanks 

to the increasingly extensive and efficient wireless networks, data are collected and 

distributed with enormous speed.  

Communication between devices and machines has become extremely simple and rapid. It is 

made possible through the use of sensors, which are becoming increasingly smaller, cheaper, 

and smarter, and which can be embedded in the object’s architecture.  

 
8 Lueth K. L. Why theInternet of Things is called Internet of Things: Definition, history, disambiguation.  IOT 
Analytics, 2014. Web. June 6, 2020. (https://iot-analytics.com)  

https://iot-analytics.com/
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Currently, in fact, thanks to the use of these sensors, every physical object has the potential 

to become "smart" and create and share data with other devices to facilitate and simplify 

human activities and to provide information previously unavailable. The number of 

interconnected objects is exponentially increasing. HIS market estimates that the number of 

interconnected objects is expanding with an annual average of 12%, reaching the total number 

of 125 billion by the end of 2030.9 

There are broad fields of application for the Internet of Things. A practical example of its use 

can be that of the Smart Road, able to communicate with cars, traffic lights and signs to 

optimize traffic flows, reduce emissions and travel times. Furthermore, through sensors 

located on the strips of the parking spaces, it is possible to identify the presence or absence 

of a car, send the information to a data centre and make it appear on the smartphone through 

an App. 

The main reason why the Internet of Things has taken hold today, in the industrial reality and 

beyond, is the growing complexity of industrial systems, which has made humans unable to 

respond to needs for improving efficiency with traditional tools. So, they have realised how 

digital devices know how to find better solutions, since they are more powerful, and can better 

support and monitor the work of the machines even on a large scale. This technology 

guarantees the interaction and communication between electronic devices of different nature 

and also objects that are not necessarily digital, creating a combination between the virtual 

and the physical world that manifests itself in the integration of sensors, software, and cloud 

data storage systems. These kinds of objects can be understood as CPS, so, the IoT can be 

defined as a network in which CPS cooperate through a unique addressing schema (Hermann 

et al., 2015). 

As mentioned above, among all the technologies used to support the connection and 

interaction of the devices, the main one is the use of sensors, now smaller and smaller, 

intelligent and at low cost, capable of collecting a large number of data of different nature. 

The use of sensors, as will be described, is extremely important in the automotive industry. 

The data these sensors collect are not just simple data very precise in their measurement but 

also capable of predicting future states of a system.  

 
9 Number of Connected IoT Devices Will Surge to 125 Billion by 2030, IHS Markit Says. HIS Markit, 2017. Web. 
June 7, 2020. (https://news.ihsmarkit.com)  

https://news.ihsmarkit.com)/
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The fields of application of the Internet of Things are numerous and very different from each 

other and range from industrial to medical, to urban. These technologies facilitate 

communication between production units in the factory, allow the decentralization of the 

decisional processes, and the answer to technical problems in real-time, and facilitate the 

customization of the products based on customers’ needs.  

Another innovation that many add to the series of innovations that characterize this industrial 

revolution is that of the Internet of Services (IoS).  While the Internet of Things deals with 

tangible objects (sensors, machines), the Internet of Services refers to an intangible set of 

functionalities. IoS enable “service vendors” to provide different kind of services using the 

Internet. For example, Tesla, a car manufacturing company, is delivering vehicle sensor ready, 

equipped with hardware and software projected to be updated with software upgrades 

through the Internet. 

The concept of IoS is correlated with the one of SOA (Service-Oriented Architecture), that is a 

logical pattern that reorganizes software applications and infrastructure into a set of 

interacting services (Goncalves and Zonichenn, 2018). 

Big Data and their analysis techniques represent a key driver both for IoT and AI since they 

basically rely on the collection and exchange of data. Big Data, in fact, is the term used to 

describe the massive volume of data generated by traditional business activities and from new 

sources such as social media.  Over the centuries, people have always tried to use data analysis 

and analysis techniques to support their decision-making process. However, in the past two 

decades, the volume and speed with which these data are generated have changed beyond 

measures of human understanding. The total amount of data in the world, in fact, was just 4.4 

zettabytes in 201310, while today it is around 44 zettabytes by 2020. Putting it into perspective, 

44 zettabytes equals 44 trillion gigabytes, which with also the more advanced technologies, it 

is currently impossible to analyse them all. 

Practically, the concept of Big Data is used when the set of data transmitted or received is so 

vast that it is necessary to define new technologies and methodologies to capture, manage 

and process them and to translate them in useful information and knowledge within a 

reasonable time. 

 
10 A short history of Big Data. Enterprise Big Data Framework, 2019. Web. June 7, 2020. 
(https://www.bigdataframework.org)   

https://www.bigdataframework.org/
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Obtaining and, above all, using these data represent one of the main challenges for analysts 

and managers all over the world; in fact, they can support corporate decisions in the long 

term, but especially in the short term, thanks to their availability which is increasingly 

accessible in real-time. The benefits of using Big Data are many, such as understanding 

demand through studying client shopping behaviour and preferences, optimising the supply 

chain, improving efficiency in the warehouse, distribution and sales. For this reason, 

companies use sophisticated software to analyse this data looking for hidden patterns, trends, 

or other insights that they can use to better adapt their product and services to customers, to 

anticipate demand or to improve performances. 

In a 2001 study, analyst Doug Laney had defined the growth pattern of Big Data over time by 

identifying five variables, called the five V's, that are, volume, velocity, variety, veridicity and 

value. These features help us to better understand the importance that these Big Data have 

assumed nowadays, especially for companies.   

1. Volume clearly refers to the huge amount of data generated in a given time interval. 

2. Variety refers to the diversity of the nature and type of these data since they come 

from different types of sources. 

3. Velocity describes the speed with which the data are generated. 

4. Veridicity indicates the reliability of the data.  

5. Value refers to the usefulness that these data can have if analysed correctly and used 

in a strategic perspective. 

The activities related to Big Data in which business focus their resources can be classified into 

two macro-areas: Big Data Management that concern the acquisition, storage, organization, 

and cleaning of data; and Big Data Analytics, i.e. the recovery of useful information and 

interpretation of data in order to make strategic decisions for the future. 

The types of data that can be obtained from these activities, as mentioned before, come from 

many different sources. From their nature, they are conventionally classified as human-

generated, if they come from platforms such as social networks, blogs or other websites like 

e-commerce or review sites; they are machine-generated if they are produced from sources 

such as sensors, scientific instruments and other devices; and they are business-generated if 

produced within a business context. 
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Cloud computing must be added to the series of technologies that support IoT and Artificial 

Intelligence. Cloud computing indicates, in IT, a paradigm of service-delivery offered on 

demand by a supplier to an end customer through the Internet (such as data storage, 

processing or transmission), starting from a set of pre-existing resources, configurable and 

remotely available in the form of a distributed architecture (Grance and Mell, 2011). 

The service of cloud computing, as it is commonly known, has been offered for the first time 

by Amazon in 2006, with Amazon Web Services (AWS), offering on-demand compute and 

storage.  The cloud in this sense is represented by Big Data warehouse on the Internet, which 

allow the storage of wide amount of data, ensuring their consultation at any time and place 

through the use of different devices (Computer, Smartphone, Tablet, etc.). 

The main cloud computing providers are currently Amazon, Microsoft, and Google, which 

provide depository space for data on the network, through their platforms, for a fee. But this 

is not the only type of service that cloud computing can offer; they are traditionally classified 

into three categories: 

• Infrastructure as a service (IaaS) which includes the provision of services that allow 

consumers to rent a “virtual hardware” with the flexibility of the physical infrastructure 

but without the commitment for the user to have physical management of the 

hardware. By entrusting the entire infrastructure (server, storage, networking) to a 

specialized provider, with IaaS, companies can focus on functional objectives, 

forgetting management costs. 

• Platform as a service (PaaS) which regards the provision of a virtual space for the 

deployment on the cloud infrastructure of applications created or acquired by 

consumers created by programming languages.  

• Software as a service (SaaS) which implies the provision of services on applications 

running on a cloud infrastructure made accessible to consumers. 

The growing importance of Cloud Computing lays on the fact that it allows businesses to 

exploit all the potential from hardware and software resources without facing the issue of 

acquiring and maintaining them. This technology offers numerous benefits as it is fast, flexible, 

efficient, secure, and cost-saving, as it is paid only for the resources really used.  

Cyber Security encompasses a series of technologies designed to protect connections, 

computer systems, devices, and data from unauthorized access via the Internet. The growing 
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connectivity of the tools used and the huge amount of corporate data, in fact, are making 

industrial systems ever more vulnerable to potential cyber-attacks made by hackers. 

These attacks may have the objective of observing and therefore spying on the data without 

authorization (passive attack), manipulating or modifying the data (active attack), or even 

destroying the data permanently (violation). Cybersecurity’s related risks impact businesses 

in several forms. They relate to attacks that can damage internal operation and processes of 

a company (operational risks), or can even cause business losses in terms of trust from their 

clients, partners, or investors because they feel exposed to potential cyber-attacks (reputation 

risk). Another risk (investment risk) concerns the fact that a company may overinvest in 

security systems, that are not really necessary, creating inefficiencies in their business 

operations (Rodrigues, 2018)11. For these reasons, managing correctly and strategically 

cybersecurity is becoming a top priority for companies nowadays. The topic of Cyber-security 

is so relevant nowadays for businesses because a cyber-attack is capable of creating very 

serious damage to the security and privacy of companies, and even on its reputation and can 

result in the loss of customers or in the worst case in the bankruptcy.   

But not only corporate security is currently at risk, even that of each of us, because thanks to 

the omnipresence of wireless networks and portable devices, and the connection between 

individuals and systems in continuous growth, the security of personal data and others 

sensitive data is seriously put at risk. Especially as regards our smartphones, which follow their 

owners everywhere, they are the most vulnerable to cyber-attacks. In other words, access to 

the network opens a window to the world, but at the same time makes individuals and 

organizations potentially exposed to various types of risks, such as scams, thefts, or sabotages. 

In today's industry, machinery is increasingly equipped with technologies that can acquire 

operating data in real-time and share it with other computer systems on the network, for this 

reason, the issue of cyber-security is fundamental since the data to be protected are many 

and often critical to the survival of organizations. Therefore, it is essential for today's industry 

to protect a patrimony of increasingly digital information and products that must be managed 

with constantly updated protection and conservation criteria. 

 
11 Rodrigues A. Industry Trends – Cybersecurity for the Fourth Industrial Revolution. Fortinet, 2018. Web. June 9, 
2020. (https://www.fortinet.com)  

https://www.fortinet.com/
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Simulation in the field of Industry 4.0 includes the use of virtual 3D tools capable of creating 

a reality, that simulates the physical one, which can relate to a product, material, or 

production process. This reality is called "digital twin" because it exactly reflects the physical 

product in all its characteristics and everything around it, allowing a company to test the 

product or process and to be able to optimize it by entering inside and understanding its 

design, the manufacturing and the services granted. This ensures the possibility of making 

changes even before the physical product is completed and put on the market, reducing its 

implementation time, and thus increasing its quality. In fact, technicians and engineers can 

work on the product in a totally isolated way without affecting the process or the physical 

product and, therefore, having excellent results.  Through simulation it is indeed possible to 

significantly reduce product development times and costs, favouring the integration of skills 

and knowledge from different processes and avoiding the repetition of errors, thus facilitating 

the optimization of the production cycle.  

Virtual reality is conceived to represent an object or project not yet existing in reality, using a 

three-dimensional model, through the use of a computer. It is useful for visually reproducing 

a project or a production process, to have an overview of the necessary operations, and to be 

able to intervene ex-ante to make any changes. 

Augmented reality, on the other hand, consists of adding and overlapping to the observed 

reality some information, that cannot be perceived by human senses normally. It gives the 

possibility to view through the use of digital devices such as smartphones, tablets or smart 

glasses, different virtual information of a physical object, a room, or a building simply by 

framing it. Augmented reality is used for different purposes; the application horizons are 

almost infinite. Although this technology made its debut in the world of entertainment, it is 

also spreading widely in the industrial sector, in the supply chains and in the operations. It is 

used, for example, to optimize production and maintenance processes by providing direct and 

real-time support to operators (smart assistance), or to view in real-time the configuration of 

industrial installations, machinery and equipment, or as a man/machine interaction mode for 

warehouse management.12 

 
12 Industria 4.0 – Augmented and Virtual Reality Solutions. Realmore. Web. June 10, 2020. 
(https://www.realmore.net)  

https://www.realmore.net/
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Additive manufacturing or, better known as 3D printing, consists in the creation of an object 

in physical form, starting from a digital model or 3D drawing, made with the computer. The 

object is reproduced, thanks to the use of a machine called a 3D printer, through an overlap 

of several layers of material that give it the shape virtually designed. 3D printing is used in a 

broad range of applications, from the production of prototypes to cars and aircraft 

components, until medical implants. The materials used for the realization of the objects are 

different, and they do not include only plastic materials, but they can range from ceramic and 

glass, up to metal sheets and new thermoplastic materials rich in carbon and fibre tubes. This 

technology offers the possibility to pass from a digitally formed idea directly to the physical 

product without the need for intermediate processing or design companies and enables new 

business models in which it is possible to produce customized and on-demand products 

extremely quickly. 

Thanks to additive manufacturing, it will be possible to solve one of the main defects of mass 

production, that is the lack of flexibility. In fact, it is becoming more and more possible to 

customize the product according to customer's wishes by differentiating it from those of mass 

production, typical of the second industrial revolution. For this reason, it is stated that the 

manufacturing industry is progressively evolving from mass production to mass 

personalization of production. Some of the possible benefits deriving from the application and 

exploitation of the additive manufacturing technology are making faster the complex phase 

of planning and prototyping, and create small lots of customized production with consequent 

advantages in terms lower production costs, and reduction of stock. 

3.2. Impacts, opportunities, and challenges of the 4IR 

Breakthrough innovations, seen so far, are transforming social, economic, and political 

systems in unpredictable ways. “We live in a hyper-connected world, where information, ideas 

and people travel fast as never before”. According to Klaus Schwab, this Revolution “is unlike 

anything humankind has experienced before” (Schwab, 2016).  

The most evident are the impacts that are having on businesses. According to the WEF, overall, 

they can be resumed on four main effects: on customer expectations, on product 

enhancement, on collaborative innovation and on organisational forms. Customers are 

increasingly becoming the epicentre of companies' production, which is continuously 

modified and updated according to their needs and preferences. This is made possible, first, 
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thanks to the large amount of data that companies can have access in, which, as mentioned 

above, allows them to track their customers during their shopping journey. Moreover, thanks 

to the evolution of the product configurators, the brands manage to direct their products 

based on customer preferences in real-time, making possible the so-called "mass 

personalization". So, the fact that these products are increasingly designed closed to 

customers’ tastes is the demonstration that these technologies are enhancing the quality of 

products and increasing their value. Then, collaborative innovation is boosted as companies 

learn the advantages of forming partnerships and collaborate, sharing resources that enable 

them to create significant value for both parties.  Finally, given the emergence of global 

platforms and new business models, organisational forms need to be renovated. 

The enabling technologies, those implementations in the industry is currently taking place, as 

already mentioned before, can be combined, and applied to a wide range of industrial, 

commercial, and social applications. These, in the next few years, will have a significant global 

impact on economic, social, cultural, and human environments with both positively and 

negatively consequences. 

In fact, limiting the current industrial revolution to the world of the "factory" alone is still 

considered by many reductive, as the components involved concern the entire society and 

ultimately humanity as a whole (Fiandese, 2015). It is a transformation that is involving man's 

way of living, of working, but also learning, interacting, and communicating with each other. 

At this stage, it is impossible to know all the potential impacts that there might be from this 

4IR, but for the moment on, it is possible to assess which may be the challenges and the 

opportunities that may derive from it. Although the technologies of this revolution are triggers 

of a series of transformations, many argue that the biggest changes are yet to come. 

Therefore, companies, as well as governments, are facing several opportunities, they must 

seize to actively shape the future. 

3.2.1. Impact on productivity and performances 

Like every Industrial Revolution, the introduction of new technological innovations in the 

industry would determine an increase in productivity, leading to the development of new 

forms of entrepreneurship and new business models. According to McKinsey’s recent research 

with the World Economic Forum, Industry 4.0, is expected to lead to a new technological 

discontinuity bringing operations to the next S-curve of productivity (McKinsey, 2019). So, 
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from the point of view of companies and markets, this could lead to a redistribution of the 

cards in play, improving business performances, and enabling new competitive forces. 

Moreover, the economic impact is supposed to be huge; it is estimated that the value creation 

potential of manufacturers and suppliers implementing Industry 4.0 in their operations will be 

around USD 3.7 trillion by 2025 (McKinsey, 2019).  

Along the value chain, integrating technologies, which have been presented before, will allow 

companies to optimize production processes, improving efficiency and diminishing costs, and 

in turn, increasing productivity. The use of the Internet of Things, for example, brings a series 

of advantages in economic terms, as it is able, thanks to the rapid exchanges of information 

between devices, to improve operational efficiency and productivity through reduction of 

times.  

Furthermore, greater flexibility of processes and production is foreseen, thanks to the use of 

robots and smart machines, which will allow to combine the needs of variety (mass 

customization) and speed in response to the market, with those of productivity, without 

sacrificing the quality of the product. This will inevitably lead companies to long-term 

efficiency gains, shortening time to market. 

Automated logistics, using autonomous vehicles and robots, will also allow adapting timely 

the manufacturing processes based on the firm’s needs.  

The enabling technologies of this 4IR will not just help industries to lower their production 

costs, but also to reduce waste and energy consumptions, operating in a more sustainable 

way. According to the WEF, in fact, fourth industrial revolution’s technologies allow 

companies to position manufacturing as a source of competitive advantage and economic 

growth while contributing to the fulfilment of the Sustainable Development Goals (SDGs) 

(World Economic Forum, 2019).  

In line with the expected changes, companies are becoming increasingly interested in the 

application of new technologies to ensure long-term competitiveness such as decreasing 

product lifecycles, increasing diversity and changing consumer expectations (Horváth et al., 

2019).  Companies can, therefore, rely on Industry 4.0 to increase sales volumes, achieve 

significant cost-saving, and improve production performances, being in step with the 

competition at the same time.  

As preannounced, this revolution also has the potential to yield great inequalities. Market 

dynamics are creating a situation of "hyper-competition" among firms, in which companies 
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must continue to innovate and adapt their production processes to new technologies to 

survive. They must also acquire the appropriate skills and knowledge to learn how to exploit 

from them the most and integrate them into a network made up of artefacts and people and 

open to suppliers and customers. Furthermore, companies must be able to continuously 

diversify their offer due to increasingly sophisticated customer demand. As the Dóra Horváth 

and Roland Zs. Szabó’s study suggests, intense competition and market pressure are 

additional driving forces: companies, applying industry 4.0’s technologies, can strongly 

increase their market shares and competitive advantage. Developing new business models 

and renewing the value proposition may also create additional opportunities. 

3.2.2. New players and industry reconfiguration 

The increasing processing capacity of computers in conjunction with the widespread of the 

Internet have opened several avenues of innovation, triggering, thanks to the advances in 

hardware and software technologies, economic and market disruptions. From a market point 

of view, the introduction of breakthrough technologies, described above, might lead to the 

emergence of new players in the industry. Because, as it has been explained in Chapter 1 when 

it comes that new breakthrough technologies are introduced in the market since they are 

capable of transforming production processes and business models, while incumbent firms 

have substantial experiential and resource advantages that could allow them both to survive 

and to take advantage of large-scale technological change, new players are, in some cases, 

more advantaged because they are not burdened by existing research and development 

approaches and are often characterized by more creativity and organisational flexibility (Gans 

and Stern 2003). So, new players entering the market may be more likely to have success in 

the case these innovations possess the characteristics of radical, competence-destroying, 

architectural or disruptive innovations, seen so far. Considering the classification of 

innovations presented in Chapter 1, in fact, the enabling technologies of this fourth industrial 

revolution may present some of the characteristics of these kinds of innovation.   

These technologies are, for many industries, particularly new, unique, and discontinuous with 

previous practices, often forcing established firms to change their business models and invest 

in new resources and infrastructures to implement them. As has been noted, thanks to these 

technological innovations, information technology has increasingly become an integral part of 

the production process in the form of electronic, software applications and hardware 
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equipment of many different types. These applications could alter or make obsolete 

technological competences, skills, and resources of established companies, as they require 

firms to invest on new assets and acquire new competencies to implement them, such as 

software, analytics, and computational skills.  

For example, the automation of the production process can only be achieved thanks to the 

use of the computer, software and the Internet connection, which can translate the 

information transmitted by the user into actions that must be performed by intelligent 

machines or robots. Furthermore, these innovations could open up entirely new markets or 

completely destroy the competitive position within an industry. 

Obviously, talking about these innovations without putting them into a specific context may 

result quite reductive, and, at this stage of development, it could be quite impossible to give 

them a particular definition, as, on the basis of the context in which they are applied, they 

may be more or less radical, competence-destroying, or disruptive.   

Surely, it is possible to affirm that, for successful companies, tackling this type of innovation 

can be very difficult, since, when certain skills have long been integrated into the company's 

processes and aggregated into its values, questioning them can be very complex. These 

companies, when a breakthrough innovation would be suitable to respond to the changes that 

have occurred, are sometimes unable to renew themselves and, thus, they become vulnerable 

from potential attacks from new players (Bergek et al., 2013). Established firms, therefore, are 

forced to leave space for start-ups and new players who, on the other hand, can grasp 

significant changes with greater flexibility and speed.   

The Fourth Industrial Revolution, indeed, may constitute an opportunity for new players to 

succeed in the market, and, at the same time, may represent a challenge for incumbent firms 

if they are not able to adapt to these technological changes.  

Furthermore, many argue, that in this revolution, economies of scale, which have always been 

of fundamental importance especially for the manufacturing industry, are losing their crucial 

role, as other aspects more qualitative and intangible in this new production paradigm, come 

into play and become more decisive. In fact, the focus of many companies is no longer just to 

produce large volumes in order to lower their unit production costs. Still, it is moving towards 

the ability to know how to exploit a large amount of information (Big Data), to process it 

optimally, and in the shortest possible time. This offers a substantial competitive advantage 

for companies.  
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The combination of enhanced connectivity and data aggregation has produced new 

functionality and opportunities for new ways of value creation. All that derives from digital, is 

based on data that is transmitted through an Internet network, is not material and must be 

managed according to unprecedented logic, with new business and organizational models. 

The potential fungibility of digital assets that companies accumulate creates opportunities in 

multiple markets.  

As these skills (software, analysis, etc.) are increasingly exploited to enter new markets, the 

boundaries of industries become increasingly blurred. In fact, many digital companies are 

expanding their businesses into other sectors. Therefore, the confusion of sector boundaries 

implies that companies are increasingly likely to face competition from actors outside their 

sector (Bergek et al., 2013). 

For these reasons, business leaders can no longer rely only on developments and trends in 

their respective industries but must understand potential transformations and disruptions in 

the entire world of suppliers, customers, and adjacent markets. A practical example will be 

provided when talking about innovations in the automotive industry in the next chapters. 

3.2.3. Impact on society and labour  

Industry 4.0 has created new opportunities and vulnerabilities that must be managed and 

governed to positively impact both business and society. As for the impacts that this alleged 

revolution could have on society, one of the effects on which there is much concern is that on 

work and consequently the effect on people's lifestyles and welfare.  

On one side, many argue that like previous industrial revolutions, this one has the potential to 

increase the income levels and improve quality of living standards and welfare around the 

world, bringing to new jobs creation and economic development. One the other, many 

overseen that the revolution is going to challenge some inequality gaps, that for many aspects 

also other industrial revolutions have contributed to enlarge. 

Most educated and skilled people will have more the opportunity to take advantage of the 

introduction of new technologies in the industry. In fact, people those income, wealth and 

skills are already high are going to be more favoured by the rapid technological progress; 

while, low-skilled and poorly educated people are going to be the most hurt, without the 
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appropriate measures (Zervoudi, 2020)13. The concentration of benefits and value is going to 

be more concentrated in a small percentage of the population (Schwab, 2016). 

Correlated with this issue, one of the main questions that many ask is how these technological 

innovations will impact the actual labour activities of workers. On one hand, the 4th industrial 

revolution will allow the creation of new jobs opportunities, better paid, and that require new 

skills such as rapid adaptation, creativity, and innovation. In fact, these new technologies are 

expected to make work more complex for certain tasks, requiring employees with many 

professional skills and competencies such as designing, implementing, and using innovative 

technologies and, above all, problem-solving in their daily activities.  This is also driven by the 

fact that companies are implementing new business models and discovering new ways of 

organising, leading to a growing demand for these kinds of competencies, knowledge, and 

skills. 

On the other hand, this industrial revolution may cause a labour market disruption, because, 

above all, of the introduction in the industry of machines able to better substitute workers 

labour. This may cause the loss of a great number of jobs due to intelligent and autonomous 

machines and automating processes; especially jobs characterized by repetitive and 

predictable tasks. Surely the implementation of these kinds of technologies will impact all the 

sectors in the industry and above all, changing daily work activities and job complexity.  

According to an Oxford Martin School’s research, it is estimated that around 47% of the total 

employment in the US is going to be at risk in the next few decades. 

Another series of challenges are related to the topics of cybersecurity, privacy, and other 

ethical concerns. As already mentioned above, cybersecurity is a real critical worry for 

companies but also for people who are becoming increasingly aware of the possible risks they 

are exposed to sharing their personal data on the Internet, in the majority of the cases through 

their smartphones.  For example, thanks to mobile phone location it is currently possible to 

record persons’ daily life, monitor the places where they go, their workplace, their 

supermarkets they shop in, their favourite restaurants and so on. So, protecting theses 

sensible data is of vital importance to each of us. 

 
13 Zervoudi E. K. Fourth Industrial Revolution: Opportunities, Challenges, and Proposed Policies. IntechOpen, 
2020. Web. June 17, 2020. (https://www.intechopen.com)  

https://www.intechopen.com/
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Finally, another issue related to the implication this revolution is having on society is about 

health and social, interpersonal relationships. The first is about the consequences these 

technologies might have of people’s health and whether the Internet and the greater 

interconnection of the devices that surround us can have negative consequences on our 

health in the future.  On the human relationships matter, the fact that the modern society is 

getting us more and more users to communicate through digital tools, reducing face-to-face 

conversations, cause to people great psychological problem, such as the ability loss of 

empathizing, to read body language, to make eye contact, to listen, and to keep attention high 

during a conversation. 

In conclusion, previous industrial revolutions have forced society to undergo major and often 

painful processes of adaptation, and although the fourth industrial revolution also appear 

likely to be far-reaching for the possible risks described above, the difference here is that for 

the first time this revolution has been foreseen in advance, so there is time, for certain 

aspects, to take advantage of the opportunities trying to limiting as much as possible the bad 

impacts it might effect on people lives. As Schwab suggests, it is our responsibility to establish 

a set of common values to drive policy choices and changes to make this fourth industrial 

revolution an opportunity for all. 

In addition, from the governments’ point of view, major technological changes imply 

significant public policy issues. McKinsey’s report argues that government have the duty to 

apply the right policies to successfully adapt to the new technological conditions. Overwise, 

governments that will not be able to follow the appropriate long-term policies will seriously 

put their economies at risk, and, when all the other economies will run with greater speed, 

their inability to adapt to the new conditions will drive them to the deterioration of their 

competitiveness, with consequent reduction of revenues, and increase in their spending,  with 

a growing risk of bankruptcy. 

3.3. Conclusion: What makes the Industry 4.0 a revolution 

To conclude, in this section, a reflection will be made on what are the aspects that make the 

period is taking place, that is, the advent of the Industry 4.0, possible to be defined as the 

fourth industrial revolution, following the three most commonly accepted, which have been 

presented in Chapter 2. The most common factors that have characterized previous industrial 
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revolutions are technological development driven by the implementation of revolutionary 

innovations, the increase in productivity, economic growth, and demography. Concerning the 

technical advances, as already highlighted, this revolution witnesses a high degree of 

technological innovation. It might be useful to confront the characteristics of the new 

technologies with the concept of GPT, that refers to innovations that for their particular 

features are able to affect an entire economy, and through their impact, to drastically alter 

whole societies (elements that characterize an industrial revolution). These attributes, as 

already said, are pervasiveness, improvement, and innovation spawning. In the previous 

revolutions, the most accepted GPTs have been steam, electricity and IT. About the present 

revolution, it is not possible to identify a single innovation that embodies this period, but a 

combination of enabling technologies.  These are characterized by a variety of applications 

domains and have an impact in every sector of the industry, and of the society, they improve 

over time and, at the same time, enable many other correlated innovations. 

As regards, the increase in productivity, these technologies lead to several advantages for 

companies, in terms of efficiency, flexibility, cost reduction, and quality improvements, which 

surely are elements that positively impact productivity.  

Another factor to consider is demography. As already described, the population over time has 

increased exponentially since the 18th century. This has provided growing demand and labour 

force, factors that have helped the increase in productivity and economic development. 

During this presumed 4IR the population is continuing to grow. It is forecasted that it will 

expand to 8 billion by 2030 and 9,7 billion by 2050 (Roser, 2019)14.  

Although it is impossible nowadays to determine all the possible impacts this industrial 

revolution could have in the future, so it is premature also to talk about economic growth, all 

the prerequisite of an industrial revolution are currently taking place. Therefore, to conclude, 

considering all these aspects, the combination of the enabling technologies and the context 

in which they develop, will undoubtedly produce considerable impacts on the economy and 

society, which are all elements that characterize an industrial revolution (Klingenberg, 2017). 

  

 
14 Roser M. Future Population Growth. Our World in Data, 2019. Web. June 15, 2020. 
(https://ourworldindata.org/future-population-growth) 

https://ourworldindata.org/future-population-growth
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Chapter 4. The Automotive Industry 

The focus of this chapter is to deepen the analysis of the recent phenomenon of the fourth 

industrial revolution focusing on an industry that heavily depends on technological innovation 

in every aspect of its production process up to the final product realization: the automotive 

industry. The analysis will concentrate on the current challenges this sector is facing, with a 

particular focus on the most recent technologies. 

4.1. A symbol of industrialisation  

The history of the manufacturing industry and the history of the automotive industry have 

been closely intertwined since the beginning of the twentieth century (Cassia and Ferrazzi, 

2018), and such links are likely to remain very relevant in the future. The production of 

vehicles, including passenger cars, light commercial vehicles, and heavy trucks has driven the 

industrial development of many countries on different continents and has been a source of 

continuous innovations and technological improvement. Hence, the automotive industry has 

become the emblem of industrialization itself (Cassia and Ferrazzi, 2018). Its role in the world 

economy cannot be compared with any other manufacturing industry both directly and 

indirectly. In fact, it does not include only the production of vehicles, but also a big number of 

other activities that relate to different other types of industry. 

The first car was made by Karl Benz in 1886, but it was the Ford Motor Company one of the 

first automakers who understand the pivotal role of the automobile in a rapidly developing 

country, such as, that of the United States of America, and who decided to design and market 

the famous "Model T" car model, accessible to all for its low cost. The car, thus, soon became 

the symbol of modernity and wealth, and while initially it was considered as a luxury product, 

thanks to the T-Model it became a product son of the mass production and accessible to a 

large number of people. 

Over the history of industrialization, the automotive industry has represented the source of 

some of the most important technological, organisational, and managerial innovations. From 

Ford’s assembly line invention, which revolutionized the production processes and which has 

constituted the foundation of the mass production, to Taylor’s scientific management, which 

has introduced for the first time the division of labour, aiming at improving productivity and 

economic efficiency; it is also important to remember the great contributions in the field of 
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management made by Alfred Sloan, leader of General Motors, who built the foundation of the 

modern corporation, and the Masaaki Imai’s managerial revolution, which, focusing on 

production processes optimization and inventory elimination,  constituted a new managerial 

approach, firstly adopted by Toyota at the end of 1940s, and now applied to almost all 

industries (Cassia and Ferrazzi, 2018). 

The automotive industry has not just been a source of innovation related to the internal 

efficiency of the firm. It has traditionally been a pioneer in relation to innovative consumption 

practices and business models, as well. For example, it has been the first to witness the large-

scale popularity of the new consumption practices based on sharing, with the development of 

the so-called car-sharing.  

From these considerations, it is possible to argue that the automotive industry has 

continuously changed over history and, at the same time, has been the driver of profound 

transformations for all the manufacturing industry.  For these reasons, it is not surprising that 

nowadays, it constitutes one of the pioneers of Industry 4.0.  

4.2. The evolution of the automotive industry  

The dominant automobile design, as it is known today, founded its origins in the second half 

of the 1930s in Germany. The starting project was to build "the people's car" and was 

entrusted to Ferdinand Porsche (founder of the famous Porsche automaker), who presented 

a draft car capable of carrying up to 5 people and travelling at 100 km/h with a very low 

production cost that had to be accessible even for a factory worker. The project, made 

commercial in 1938, gave birth to the famous Volkswagen "Beetle"15. 

At the end of the Second World War, the automobile industries represented the main 

industrial sectors first in the United States, and then in Western Europe. The car became a 

status symbol that gradually transformed the whole society, from transportations to the way 

people moved and travelled. The auto industry became the fundamental core of the 

development of western countries. Its success is mainly due to its innate capacity for 

continuous technological research linked to the production of increasingly avant-garde cars, 

and at the same time, to be able to avoid saturation of the market thanks to the incessant 

differentiation of the product over the years. 

 
15 Volkswagen Group. Britannica. Web. July 2, 2020. (https://www.britannica.com/topic/Volkswagen-Group) 

https://www.britannica.com/topic/Volkswagen-Group
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Since the 1960s there has been an expansion of producers, with the arrival of new players on 

the market, such as the Japanese, who entered the European market overwhelmingly, offering 

products a bit more spartan but with much lower and more affordable costs. The triad so 

composed by the United States, Europe and Japan weighed almost 90% of the entire world 

automotive production in the 1980s.  

In the last thirty years, there has been a new evolution of the market, which, thanks to 

Globalization, has once again seen the emergence of new producers from emerging countries, 

especially from China. 

As regards the production processes, there has been a profound transformation of the 

automotive industry, thanks to technological evolution in the industrial field, and the 

continuous search for cost-effectiveness, process and product quality objectives.  

Traditionally, cars were handcrafted as a result of highly skilled engineering and manpower. 

The number of cars produced was therefore very small and the cost of production and sale 

high. The components used to produce a car were almost entirely built by the manufacturer 

and always in an artisanal way, therefore without the help of tools or machinery. As already 

described in the previous chapters, in the early 1900s, thanks to the innovations of Taylor and 

Ford, there has been an revolution of the industry, especially regarding production processes. 

Thanks to the division of labour and the assembly line, it became possible to produce faster, 

with much lower costs and in large quantities. In addition, highly specialized skills were no 

longer needed because most of the work was entrusted to the machines.  

Subsequently, with the expansion of the market and the appearance of new players, a new 

way of production was developed, which surpassed that of the assembly line. This new 

production process, based on the Kaizen’s theory16, formulated by Masaaki Imai in 1986, had 

the objective of maximizing the quality of production through the continuous improvement 

of production processes, the reduction of waste between the various steps of the process and 

thus minimizing costs. The famous TPS (Toyota Production System) originated from this 

theory, a method adopted by the main car manufacturers, aimed at coordinating the 

introduction of component parts or raw materials into the process and obtaining finished 

products, so that there is no storage or upstream or downstream of the process. This method 

 
16 Kaizen (改善) is the composition of two Japanese terms, KAI (change, improvement) and ZEN (good, better), 

and it means changing for the better, continuous improvement. 
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drastically reduced warehouse costs with a just-in-time approach (producing when needed). 

This new way of manufacturing led to a significant reduction in costs, making the car a quality 

product at an extremely accessible cost. 

Currently, given the expansion of the market, the changed demands of motorists, and the new 

technologies available, the production processes have once again changed. In particular, they 

differ according to the policy adopted by each company. Some aim at high product 

customization, with consequent increases in production and sales costs and with a rise in 

production times, but with a high quality of materials and assembly typical of European 

manufacturers. Some instead aim to offer a diversified product without a great deal of 

freedom of customization, for example, by providing a car model with different versions of 

equipment. This keeps costs lower at the expense of the uniqueness of the product. This mode 

is typical of Japanese and US automakers. Finally, some companies adopt an almost "artisanal" 

production method of fully customizable cars made on commission according to the 

customer's wishes. These products become unique pieces and are of the highest quality; in 

fact, this production method is typically adopted for the manufacturing of luxury cars. 

Another aspect to be changed, because of Globalization, is that of the delocalization of 

production processes on countries where labour and taxation costs are much lower than those 

of industrialized countries. What distinguishes the auto industry from the others is that 

offshoring must take place for the entire production process, as the costs of transporting semi-

finished products from one country to another make it unfeasible and not very convenient for 

the purpose of minimizing costs (Volpato and Zirpoli, 2010). Another method adopted for cost 

reduction is that of outsourcing some services, such as components manufacturing, which is 

entrusted to external suppliers. Offshoring and outsourcing are now integral procedures of 

the automotive industry, above all thanks to Globalization, that has allowed the expansion of 

the international market, and thanks to the large size of companies operating in the car 

production sector, being now multinational giants or large international corporate groups. The 

map of the production plants compared to its original structure has changed radically: new 

emerging manufacturers, international relocations by the car manufacturers of the West, new 

sales markets and saturation of old ones. 
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4.3. Automotive industry’s organization 

The companies operating in the industrial sector of automobile production, as will be 

described, are organized, in the majority of cases, into corporate groups made up of several 

joint-stock companies, of a multinational type, distributed in the various countries of the 

market of interest. Each group is made up of a parent company which has the function of 

guiding administrative and commercial policy for the subsidiaries that have the task of 

producing the goods and distributing them. The parent company is usually a "Holding", that 

is, a financial company or a financial group that controls the activity of other companies 

through the possession of the majority of their shares. The companies (subsidiaries) operating 

in the various countries are normally joint-stock companies; this in order to make the 

aforementioned management possible through a holding company at the head of the 

corporate group. They are, in the majority of the cases, also listed on the stock market, to 

ensure that there is a financial contribution from other companies or individuals who have an 

interest in investing in a company that operates in the automotive sector (Marchetti)17.  

The reason why financial management has evolved in the automotive market and the creation 

of corporate groups is the strong expansion of the market due to Globalization and 

intensification of international trade. An example of this process of merger of the companies 

in large corporate groups, is the Volkswagen Group, a corporate group with several companies 

distributed in many countries to which in turn several brands diversified according to the 

reference market belong (Audi, Bentley, Bugatti, Lamborghini, Porsche, SEAT, Škoda, and 

Volkswagen). This group approaches the market in various sectors ranging from the 

commercial vehicle, through the higher category cars for intermediate markets, to luxury cars. 

The goal of a group is precisely to be able to offer products that "cover" as many market 

sectors as possible and to enjoy management flexibility aimed at the continuous updating of 

the products and types of goods offered to customers.  

Hence, the automotive industry is divided into large corporate groups comprising most of the 

car manufacturers. The current structure, as mentioned before, has been above all a 

consequence of globalization, in which automakers have had to contend with ever-increasing 

competition. For this reason, many historical automakers have had to merge to achieve 

 
17 Marchetti L. Organizzazione e controllo. Storia dell’industria automobilistica. Web. June 10, 2020. 
(https://sites.google.com/site/storiaindustriaauto/organizzazione-e-controllo). 

https://sites.google.com/site/storiaindustriaauto/organizzazione-e-controllo
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economies of scale or have been acquired by larger groups. This process of concentration of 

brands through absorption and merger between companies strengthened, especially 

following the crisis of 2008-2009, which has led to a sudden slowdown in automotive demand. 

Today, most of the active plants are located in the United States, Western Europe (Germany, 

France, Italy, and Spain) and Asia (Japan and South Korea). The Russian, Chinese and Indian 

industries have also started to enter the global car market, even though their production is 

still very limited and mainly oriented towards the assembly of licensed products or the 

construction of models intended mainly for their internal market. 

In the research, that will be presented in the next chapter, these car manufacturers are 

referred to as OEM (Original Equipment Manufacturer), a concept that indicates a company 

that manufactures a finished product on which it “affixes” its brand. Normally this company, 

which markets and brands the product, is called "parent company", but very often, as in the 

case of the automotive industry, it acquires components or entrusts production processes to 

external suppliers. 

Then, along the production chain, there is the category of suppliers that can be classified 

according to different levels of importance. At the top, there are the manufacturers of 

components for motor vehicles (Tier 1 suppliers), which supply parts of components of a very 

complex type that can also integrate entire vehicle functions such as the gearbox-differential 

unit or the brake system. At the second level, there are the suppliers specialized in some parts 

that flow into the complex components of the upper category. They are called Tier 2 suppliers. 

The number of supply levels can even reach 4 or 5. Automotive suppliers are therefore part of 

the automotive supply chain. As for the analysis, a distinction will not be made among 

suppliers but will be considered a unique single category called simply "Suppliers". 

4.3.1. Relationship between OEMs and Suppliers 

The first major innovation in the way of designing and manufacturing cars since the era of 

Fordism is linked to the transition, for automotive manufacturers, from being vertically 

integrated to more distributed forms of production and design, based on the involvement of 

suppliers (Zirpoli, 2010). Outsourcing the production of components has allowed OEMs to 

reduce their fixed costs, to direct investments on other types of activities. Today, in fact, up 

to 75% of a vehicle's components are designed and manufactured by suppliers outside the 

OEM (Zirpoli, 2010). This leads car manufacturers to have greater efficiency and flexibility of 
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the cost structure, and a greater possibility of differentiation of the product manufactured. 

Obviously, in this context, the market power of suppliers has increased, consequently reducing 

the profit margins for carmakers, and therefore increasing the overall intensity of competition 

in the sector. The developments in technology have also contributed to shifting the sources 

of competitiveness from the mere exploitation of economies of scale to factors such as the 

ever-greater product differentiation, capable of covering all possible market niches. In this 

process, the keystone is represented by economies of scope, namely the use of the same 

technological solutions across multiple product variants. The ability to differentiate the 

models offered on the market by minimizing the number of specific components of the 

individual models and therefore leveraging on economies of scope has become an 

indispensable requirement to contain the costs of differentiation and maintain profit margins. 

As for the fact that suppliers are arranged on several levels and that Tier 1 suppliers outsource 

innovation activities to Tier 2 suppliers, which they can outsource to Tier 3 suppliers and so 

on, makes the supply chain of the industry very deep and highly fragmented, as a 

consequence, the results of innovation activities have become increasingly dependent on the 

processes developed by a network of actors. 

Historically there have been two supplier management schools in the automotive sector. US-

based automakers over the years have gained a reputation for focusing on price cuts from 

suppliers and the collapse of the auto market in recent years has intensified some of that 

pressure. Japanese automakers such as Honda and Toyota, however, have become famous for 

establishing long-term and close-knit relationships with top suppliers under the keiretsu 

system, which consists of OEMs owning a percentage of its main suppliers. But in recent years, 

as consolidation in sector and suppliers’ diversification continue, the strategies of individual 

car manufacturers have started to blur the lines.18 

Auto parts traditionally produced by automotive suppliers include exteriors, interiors, and 

components for air conditioning, electrical and electronic equipment, vehicle chassis and 

powertrains (Volpato and Zirpoli, 2011). Market trends, such as, the move to lighter materials, 

as well as the growing environmental awareness that has pushed towards electric vehicles, 

alternative fuel engines, and the growing desire to connect vehicles to the Internet, have put 

pressure on traditional car suppliers who are constantly facing new challenges. But the 

 
18 Source: Lexis Nexis (https://bit.ly/2UPHSw3)  

https://bit.ly/2UPHSw3
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growing complexity of the most modern auto parts and components has, at the same time, 

placed suppliers in an increasingly important role, making them responsible for most of the 

production costs, as well as, for most of the added value of a car. At the same time, the recent 

technological developments and technological dynamism of components, has contributed to 

enlarging the network of actors involved as well as the level of competition among them.   

4.4. The digital transformation of the automotive industry 

In a technology-intensive sector such as in the automotive one, innovative activity is a very 

important pillar, that in recent decades, has assumed an increasingly central role. Indeed, the 

ability to innovate plays a leading role in the competitiveness of companies in the entire supply 

chain. For this reason, the automotive sector is one of those with the highest expenditure on 

R&D activities. On the one hand, the introduction into the production process of increasingly 

sophisticated electronic components, and the rise of new technological trajectories, have 

widened the technological fields involved in production; on the other, the increased 

competitive pressure on car manufacturers has imposed them on speeding up the process of 

product development, improving its quality, but at the same time, keeping costs low.  

Along the automotive supply chain, as already said, a significant contribution in terms of 

technology and innovation is offered by the components makers themselves (suppliers), who 

often independently develop high-tech products that enter the production process. It is 

expected, in fact, that these will have an increasingly central role to differentiate and add 

value to the final product and for this reason carmakers are establishing a large number of 

external relationships with them.  

About technological activity, currently, the research fields most directly related to the 

automotive sector mainly concern electronics, automation, connectivity technologies, 

research on new materials, power systems, engine, and distribution (Unioncamere, 2014).  

The automotive sector has been preparing for the 4.0 revolution for a long time, for various 

reasons, linked, more than anything else, to a change in demand and market logics. It is 

expected, in fact, that from 15 years onwards, the number of circulating cars will reduce 

significantly, due to the diffusion of driverless vehicles and the development of the car-

sharing. For this reason, automotive companies are studying and developing vehicles designs 
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by focusing on new and increasingly innovative solutions, under the banner of the Intelligent 

Transport System. 

Now will be briefly explained how the various technologies seen above are implemented and 

exploited in the automotive sector which, as already said, is one of the first sectors in which 

the so-called "smart factory" with all its different forms, has been put into practice. 

Subsequently, before focusing on patent analysis, which are the industry's innovative trends 

will be reviewed, both from the point of view of product and process innovations and as 

regards the market and how it is evolving. 

First, it is important to highlight the use of the Internet of Things. The process of making 

objects smart, which become connected and communicating through advanced sensors, in 

the automotive sector, in fact, has a long history. The RFID key that unlocks vehicle doors 

remotely and wirelessly is one example. 

Smart technologies have become the main asset for the development of connected cars, in 

which the components, thanks to the use of increasingly efficient sensors, are connected and 

communicating with each other to give the driver information, such as their state of wear, or 

to allow assisted driving systems. 

The major investments in the automotive sector are mainly aimed at driving safety and 

comfort, with particular regard to areas in constant development such as predictive 

maintenance, improved connectivity, Car2Car connectivity, driver monitoring and profiling. 

The new integrated connectivity services allow having online updates on maps, live traffic 

information, information on fuel prices, vehicle location systems, identification of free parking 

spaces etc. In addition, they are equipped with software that can be periodically updated and 

transmitted through a mobile connection from the car to the automatic installation. In this 

way, a series of services such as remote telediagnosis or autonomous parking systems with 

remote activation is made possible.  In other words, the recent IoT technologies applied to the 

automotive sector are opening the doors to the mobility of the future, in which connected 

cars will be more and more leading players. 

As said before, IoT applications in the industrial world include the possibility of exploiting 

cyber-physical systems (CPS - Cyber-Physical Systems) in which advanced computer 

procedures interact continuously with the physical system in which they operate, triangulating 

computational capacity, communication and control ability. In fact, making objects intelligent 



 

78 
 

and able to communicate with each other not only helps make all back-end activities more 

efficient (sensors, for example, help make machinery and equipment related to inventory 

more efficient and proactive, monitoring, maintenance and control) but also, on the front end, 

and improving after-sales services. 

As regards the implementation of the Artificial Intelligence, the autonomous vehicle and the 

autonomous driving systems are ones of the most revolutionary applications, which will have 

profound consequences both in revolutionizing the world of transport and in many aspects of 

our society. Artificial intelligence is integrated into autonomous vehicles, which, thanks to 

machine learning, are able to autonomously perform complex actions such as executing an 

emergency braking in front of a sudden obstacle while driving. By 2030 it is estimated that 

highly autonomous vehicle would account for the 10 up to 15 per cent of new car sales. 

(McKinsey, 2016). But not just cars are going to change thanks to AI, also the processes with 

which these cars are made. In concrete terms, artificial intelligence will mean that there will 

be fewer equipment failures, there will be greater productivity thanks to the collaboration 

between human and robot, greater product quality (as AI-based machine are able to detect 

defects up to 90 per cent more precisely than humans), and a more accurate demand forecast 

for a leaner and more efficient supply chain. 

Obviously, all these services are supported by Big Data Management and Big Data Analytics 

activities. In fact, starting from product design (from the procurement of raw materials to 

manufacturing) up to its distribution to end customers, the flow of information and, therefore, 

of data that are produced is enormous. It allows putting into the system not only the process 

history but also to trace items and procedures to better understand the points of efficiency 

improvement along the entire supply chain. Thanks to Big Data, many companies in the 

automotive industry are able to anticipate the trend of demand in order to start production 

proceeding almost on commission, thus optimizing costs and revenues, reducing production 

times, ensuring time to market, and reducing warehouse stocks. 

Furthermore, is also important to remember, Cloud Computing used more in the 

manufacturing sector than on the final product, which, through the Internet, enables 

widespread, easy and on-demand access to a virtualized, shared and configurable set of 

resources for support production processes and supply chain management. The use of cloud 

computing turns out to be a winning strategy also to manage Big Data and analytics in such a 

way that the provider independently chooses and manages the machines necessary to support 
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servers, storage and analysis systems by delivering punctual and constantly updated reports 

to organizations and on-demand. 

Among the various technologies that characterize this Fourth Industrial Revolution, one of all 

is a breakthrough innovation, that of additive manufacturing. In fact, the arrival of 3D printers 

has brought a new production approach to the most advanced factories and warehouses, 

expanding the range of basic technological processes. The ability to create an object through 

its printing inaugurates a new production model with the on-demand banner. The aspect that 

most attracts the automotive world is that thanks to 3D printing it is possible to significantly 

reduce the costs of producing a certain type of component since it allows to make them with 

a significantly lower expenditure of materials and energy than those of the more traditional 

production methods and with millimetre precision. 

Finally, augmented reality, installed on the windscreen of cars, facilitates drivers in navigation 

and assists them during the manoeuvre, or used in factories, assists operators during technical 

interventions on a machine or for picking up a certain component from the warehouse. 

The automotive industry has great potential to benefit from these enabling technologies as 

they allow more efficient production, improve technological and managerial economies of 

scale, facilitate learning economies and create interconnections between the actors involved 

in the supply chain and the economies of purpose which are followed by the creation of new 

products. These technologies support mass production by allowing mass customization thus 

allowing product differentiation without losing the economic benefits of mass production 

standardization. 

4.5. Challenges of carmakers 

The global automotive industry has for years invested in innovation and research on 

increasingly advanced technologies, useful for achieving important objectives such as the 

continuous reduction of emissions and greater road safety. At the same time, supranational 

and national institutions have pushed with stringent regulations aimed at achieving 

increasingly ambitious goals such as environmental protection and citizens' health. To attain 

these objectives, low-emission vehicles, connected vehicles, self-driving cars have become the 

new paradigms of the global automotive industry increasingly. An evolution of mobility that 

includes not only cars but also infrastructures, and energy resources, requires a new 
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assessment of the methods of managing investments, and the engagement of new 

technologies, and involves new extra-sector operators (Saglietto, 2018). 

For these reasons, companies leaders in the sector have been thoughtfully put under pressure, 

on the one hand, by the very stringent environmental and safety constraints that governments 

have imposed, on the other by the industrial context in profound development, characterized 

by a high technological level that is going to generate changes, in particular,  on productivity, 

employment, and skills. Also, this accelerated change, that industry 4.0 paradigm imposes 

requires numerous investments and efforts to adapt production processes to new 

technological needs, a burden for today's industry without the promise of rapid returns. 

(Saglietto, 2018). Thus, in this situation of profound transformation of the automotive 

industry, as claimed in the McKinsey Report, companies that intend to have a long-term 

successful future will have to make key strategic decisions between now and the next ten 

years, assessing and adjusting their strategic priorities, deploying the appropriate resources 

and investments, and developing new skills to fulfil these strategic objectives (McKinsey, 

2013). With the enlargement of the car’s technological components, OEMs have been 

increasingly needing to master a variety of new technological fields in order to stay at the 

forefront with competition (Trombini and Zirpoli, 2013). In fact, as already announced, many 

of the existing skills will be surpassed by new technologies and software, making the audience 

of stakeholders increasingly broader and more competitive, hence, the need to transform 

current business models and to search for new skills as a differentiating factor. Forming new 

partnerships and exploiting this ecosystem to find new ways to innovate and create a 

corporate culture to encourage innovation could also be of fundamental importance for 

competing in the new technological areas. 

Summarizing, nowadays, the leading companies in the automotive sector, in particular OEMs, 

are faced with numerous challenges that they must be able to face in order to survive in an 

increasingly competitive market. These challenges, as already mentioned, are the result of 

technological, governmental and market pressures.  

In particular, cars are composed of a growing number of different parts and components, 

often developed, and manufactured by suppliers. Therefore, it becomes vital to manage 

relationships with external suppliers in order to have access to knowledge and skills and select 

the appropriate governance mechanisms to improve collaboration between companies.   



 

81 
 

In addition, the characteristics of the car, as the reliability, the comfort, and the performances 

must match a sophisticated customers demand. As customers are engaged more than ever, 

they have high expectations on the products, services and the way in which companies engage 

with them.  

Lastly, mobility is changing, and it is forecasted that will disrupt the industry. Urbanisation, 

new life-styles changes, cost-effective alternatives are affecting the way people move, but also 

how consumers buy, own and use vehicles. In the future, it is expected that more than half of 

people will buy a car directly from the internet and the ownership of the car will reduce, while 

the use of car-sharing will rise.   

All these factors, plus the environmental regulations and safety standards companies must 

comply with, have contributed to the increase of the complexity and cost pressure (McKinsey, 

2013). 

All these challenges that OEMs are subjected put them in front of a series of difficulties that 

are difficult to overcome. In a context of profound technological transformation such as the 

4IR, as will be analysed in the next chapter, the advent of new players represents a real threat 

for incumbents. Competition, in fact, is expected to be intense (McKinsey, 2013). The way and 

speed with which these technologies spread places incumbent firms in front of substantial 

threats from new players, that traditionally are not part of the automotive industry, and that 

may decide to enter in the market, as they possess the technological competencies (hardware 

and software) to better face with the opportunities offered by the Industry 4.0 paradigm. This 

is the central aspect that has been investigated with the analysis of the patents.  

4.6.  Why new players are considered a threat for incumbents 

Technological and market developments have profoundly changed the way cars are designed 

and produced, changing, once again, businesses' competitive sources. Nowadays, as discussed 

in the previous chapter, innovation is moving fast as never seen before, bringing significant 

business impacts, and leading to big challenges and opportunities.  With the advent of 

technologies of this kind, several changes can be seen within the automotive supply chain. 

The possible emergence of new business models could create new opportunities and 

challenges for many actors, new and old, such as companies that deal with software, 

telecommunications, or electronics. However, the exact evolution of the structural, 

organizational, and value appropriation structures is not yet easily identifiable. But, of all, the 
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most difficult and decisive challenges will be those arising from the threat that these new 

technologies could lead to new technological discontinuities. These may alter the competitive 

scenario, favouring new players entering the industry, on one side, and, on the other, creating 

great difficulties for incumbents. This is because, as previously explained, the emergence of a 

new technology risks, first of all, making obsolete the competences of the companies already 

operating in the industry, which together with the organizational inertia, which characterizes 

them, can offer a competitive advantage for new players to enter (Volpato and Zirpoli, 2011). 

These companies risk achieving a leadership position in the next few years as they hold the 

technological know-how. 

OEMs are strategically investing more and more in digital services and new business models, 

shifting their focus from traditional hardware toward software and service platforms (Tian, 

Chin, and Karg, 2016). The aim is to implement their know-how and skills on new technological 

domains such as cloud computing, machine learning, and the Internet of Things in such a way 

as to preserve control over the product development, as well as the production phases. 

On the other hand, innovation must be accelerated to compete against IT and software 

companies and start-ups, which are very strong in these areas. They are also facilitated by the 

low-cost technology, scalability, and real-time processing provided by the cloud, big data 

management, and artificial intelligence. Some of these companies, which already operate in 

other sectors, have sometimes also the advantage of having well-established infrastructures 

and a consolidated ecosystem with content developers and suppliers (Tian, Chin, and Karg, 

2016).  

Also, these new players could be successful as regards those innovations that are not initially 

considered sufficiently advantageous in the early stages of their development. For these 

technologies, traditional companies are reluctant to invest because there is a lot of 

uncertainty about the results (due for example to the absence of a dominant technological 

paradigm), and, in any case, there is a need to sustain high investments, and they do not fully 

see the real opportunities that could derive from them (Volpato and Zirpoli, 2011). The 

products that incorporate new technology represent an evident deterrent for existing 

companies that prefer to remain faithful to the traditional technology portfolio. On the 

contrary, companies that cannot compete on conventional technologies with the companies 

leaders in the industry can concentrate exclusively on new technology development. This can 

represent a real competitive advantage when it becomes a more advantageous solution, with 
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performance comparable to or higher than those of the older technological ones. A company 

that applies this strategy, as will be seen in the next chapter, is represented by Tesla, a 

company founded in 2003, which since the beginning has concentrated its business totally on 

the production of full-electric vehicles. Despite never having made profits, the company is 

currently considered one of the most innovative and powerful in the world, reaching one 

million electric cars produced in March 2020, a milestone that had never been achieved by 

other electric vehicles automakers (Lambert, 2020)19.  

To summarize, on one side of this competitive scenario there are the big corporations of 

automakers, that are strong in mass manufacturing, supported by the economies of scale, 

organizing quality value chains, and dealing with complex regulatory issues (which are skills 

that should not be underestimated). On the opposite side, there are the new players, that in 

many cases are successful companies coming from other industries, or they are start-ups 

developing a new technology, with high skills and knowledge in terms of 4IR’s technologies, 

such as, computing capacity, software programming, or which have vast databases of 

consumer data that they can exploit for their own purposes.  

Another problem for OEMs, as already announced, may arise from the possibility that, as a 

consequence of the digital transformation companies are currently experiencing, the role of 

the economies of scale, on which all the automotive industry has always relied, could reduce. 

In fact, computer-aided design and manufacturing have contributed to increase the flexibility 

of production processes and making production cycles shorter, allowing a constant adaptation 

of production to demand. This aspect has reduced the possibility of lowering costs through 

large production scales. As regards the automotive industry, the technologies that have made 

the assembly of vehicles more flexible, have also helped to move the sources of 

competitiveness from the mere exploitation of economies of scale related to volumes 

(Volpato and Zirpoli, 2011). Among the key competitiveness factors, there will certainly be the 

ability to correctly interpret the opportunities offered by technology, with a production model 

based on a new form of production flexibility, based on the correct segmentation of the 

market and the differentiation of the offer to cover all possible market niches, which with the 

exploitation of economies of scale were not covered because they were considered less 

profitable (Volpato and Zirpoli, 2011). Therefore, OEMs, which do not modify their approach 

 
19 Lambert F. Tesla produces its 1 millionth electric car. Electrek, 2020. Web. July 9, 2020. (https://electrek.co)  

https://electrek.co/2020/03/09/tesla-produces-1000000th-electric-car/
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in line with the current market needs, could lose their competitive position. As already 

explained, with this paradigm of the smart factory, greater flexibility of the production 

structures is favoured with the possibility of continually modifying the products offered, thus 

responding to the growing needs of variety and innovation that demand currently requires 

(Genco, 2017). The increasing dematerialization of production processes and the increasingly 

widespread use of the software component could put OEMs at a real competitive 

disadvantage. 

Currently, in the automotive sector, the strategies of traditional car manufacturers are highly 

variable. They are investing heavily in research and development for new technologies and 

are also building partnerships with strategic players, thus managing different types of 

innovation processes. The problem is the high level of uncertainty that still characterizes the 

development of these technologies and the absence of a consistent technological solution and 

dominant design. These are, therefore, dynamics that are difficult to control and predict. 

It is also necessary to specify that, when incumbent companies are treated in this analysis, it 

does not refer only to OEMs but also to suppliers. As companies that innovate in the 

technologies of the fourth industrial revolution, as will be analysed in the next chapter, may 

not necessarily become direct competitors of OEMs, but perhaps become new players and 

acquire great importance in the supply chain, therefore vertical partners with high negotiating 

power (therefore, direct competitors of traditional suppliers). In addition, suppliers, as already 

mentioned, are acquiring ever greater importance as regards the added value brought on the 

final product, therefore thanks to the exploitation of these new technologies they could 

strengthen their position, modifying the entire ecosystem of the business, in which OEMs 

could lose their central role, thus revolutionizing the organizational structure of the entire 

industry. So, in the near future, OEMs could face threats from both new players and suppliers, 

who, as mentioned, could acquire greater negotiating power. In turn, suppliers may be 

threatened by new players, who may want to take advantage of their technology and 

implement it in new car components. 

Discovering the relationship between incumbents and new players will be useful to better 

understand the evolution of the industry and the current innovation clusters.  In the next 

chapter, will be presented in more detail who could be these new players in the automotive 

industry, their strategy, and the threat they could represent for incumbents.    
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Chapter 5. 4IR’s technologies in the automotive industry: 

analysis of a patent database 

Before starting to focus on an in-depth analysis of the patent database, it is crucial to 

understand why the emergence of new players can pose a threat to the leading companies of 

the automotive industry. The chapter will focus on explaining what patents are and why it is 

essential to analyse them, and then, how the research has been addressed and the key 

findings of the work. 

5.1. Data and methods 

A patent is a form of intellectual property granting its holder the legal right to prevent third 

parties from exploiting the invention without the owner’s authorization (World Intellectual 

Property Organisation, 2015)20. It is an exclusive right for inventions that are new and 

inventive. In return for this protection, that is granted for a limited period generally of around 

20 years, and for a specific geographic area, the holder has to disclose the invention to the 

public. According to article 52 of the EPC (European Patent Convention), every invention, in 

all fields of technology, that is new, involve an inventive step and is susceptible of industrial 

application, is patentable. Therefore, every product, process, or usage that possesses these 

characteristics is patentable, except for a few exceptions.  

High-quality patents are assets for the companies holding them because they can help attract 

investments, guarantee licensing agreements, and provide exclusivity on the market.  

Patents are not secret, in fact, in exchange for these exclusive rights, all patent applications 

are published, expressing the technical details of the inventions contained in them (Ménière 

et al., 2017). From the information derived from the patent, it is possible to understand what 

could be the future technological developments that are bound to transform the economy. 

Given the territorial nature of patent protection when applicants want to protect their 

inventions in different countries, a patent application must be filed in each of the patent 

offices where protection is sought. 

Consequently, the first patent filing made to protect the invention (the priority filing) is 

followed by a series of successive filings, and together they form a family of patents (Martinez, 

2010). As a definition of OECD of 2009, indeed, “A patent family is defined as the set of 

 
20 Patents. WIPO. Web. July 6, 2020. (https://www.wipo.int)  

https://www.wipo.int/patents/en/faq_patents.html
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patents, or applications, filed in several countries which are related to each other by one or 

several common priority filings” (OECD, 2009). Therefore, this methodological approach 

allows to recognize, and group multiple patent documents associated with the same 

invention. The data about patent families are used for economic and statistical studies for 

different purposes, including the analysis of the patent strategies of applicants, the monitoring 

of the globalization of inventions and the comparison between the inventive performances 

and the stock of technological knowledge of the various countries (Martinez, 2010).  

Concerning the analysis, patent database data has been used to investigate the potential new 

players of the automotive industry and the major technological trends. Patent activity is an 

important indicator to measure the innovative activity of companies as it constitutes a direct 

output of innovation. 

With regard to a particular patent, it is possible to obtain different types of information. This 

information is public and therefore, accessible to everyone everywhere. The patent document 

contains data concerning the applicant (individual or company that applies to protect the 

invention), the inventor, the description (a clear explanation on how the new technology can 

be applied, and examples), claims (the scope of the protection), citations and references 

(WIPO, 2015). Moreover, inside the document, there is also technical information (description 

and drawing of the invention). 

Finally, for the purpose of this analysis, the concept of technological class is provided. All 

patents are systematically classified according to the specific technical field to which they 

refer. There are two classification systems, the International Patent Classification (IPC) and 

the Cooperative Patent Classification (CPC). The first is a common international classification 

system for patents, which is hierarchically structured according to different technological 

sectors (from A to H) with a series of sections, subclasses and groups and subgroups. This 

classification system is updated every year and has nearly 70,000 entries.21 The Cooperative 

Patent Classification (CPC) is an extension of the IPC and is administered by the European 

Patent Office in collaboration with the United States Patent and Trademark Office. This 

ranking includes the new section Y (generic indication for new technological developments) 

and includes approximately 250,000 entries22. 

 
21 https://www.wipo.int/classifications/ipc/en/  
22 Cooperative Patent Classification. EPO. Web. July 6, 2020. (https://worldwide.espacenet.com)  

https://www.wipo.int/classifications/ipc/en/
https://worldwide.espacenet.com/classification?locale=en_EP
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5.2. The Patent Database 

The identification of new players in the automotive sector is based on a patent analysis of 

innovations associated with the technologies of the fourth industrial revolution. The patents 

relating to the automotive industry have been selected using an approach described in the 

European Patent Office (EPO) Report "Patent and the Fourth Industrial Revolution. The 

inventions behind digital transformation " (Ménière et al., 2017) of 2017, which defines the 

innovations that can be classified as technologies of the fourth industrial revolution. 

Through a combined query, the technological classes that EPO considers as 4IR technologies 

and the keywords related to these technologies were first defined by a Research Team lead 

by Professor Alessandra Perri. Then, a patent database was explored in which approximately 

125,000 patent families were identified, selected from a period between 1990 and 2019, 

which comply with these requirements.  

Starting from patent families’ analysis, the Research Team has drawn up a list of companies, 

grouped by the number of patent families associated with them.  

From this list of companies, I personally took care of classifying them, using sources and 

databases from the Internet (Orbis, Wikipedia, Bloomberg), based on their belonging by 

category, core activity, type of company, and country, possibly going to track down the parent 

company of reference. All this has been done to identify the potential future new player in the 

automotive sector. 

The starting point of the classification has been the rearrangement of the list of companies in 

descending order based on the number of patent families connected to them. Therefore, 

companies with the highest number of patent families have been analysed first, as these are 

more likely to have a significant interest in the automotive industry. At this point, to simplify 

the research, I combined these companies with others belonging to the same corporate group. 

From the beginning, I analysed companies/assignees based on their belonging to the same 

corporate group. For example, the first assignee that can be found in the list with the highest 

number of patent families is Ford Global Technologies, a subsidiary of the OEM Ford Motor, 

which has a number of patent families equal to 1261 belonging to the database. To this 

company, I also connected other assignees belonging to the Ford Motor (Corporate family), 

and I considered all these as a unique group and therefore I also analysed other correlated 

assignees such as “Ford Motor”, “Ford Werke”, “Ford” and “Ford Werke 50735” even if they 

had a lower number of patent families and respectively 20, 3, 1 and 1. I then made a table 
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where I added up the total number of patent families per group of companies (Appendix A). 

Ultimately, following this procedure, I analysed an amount equal to 1042 assignees from the 

database, covering a total of about 15019 assignees. These 1042 assignees have been grouped 

according to the membership to the same group of companies, and after that, 262 corporate 

groups or single companies have been identified. The first classification aims at identifying the 

potential new players in the sector. Thus, the companies in the list have been divided into 

three-macro-categories. The first refers to OEMs, which indicates whether the 

company/assignee is directly an OEM (that is, a company already operating in the industry) or 

is in the corporate family of an OEM. The second category identifies the suppliers and, thus, 

also, in this case, indicates whether the company/assignee is an established automotive 

supplier or is in the corporate family of a supplier. To assign companies into these two 

categories, I used two lists of companies provided by the Research Team lead by Professor 

Perri, who identified world major automotive OEMs and suppliers as well as companies in 

their corporate tree. OEMs’ list has been built up by combining several firms' performance 

indicators such as revenues, production, market capitalization, and patenting activity of a 

large number of companies operating in the automotive industry. They have taken 

information from a variety of data sources such as OICA, for production data, ORBIS for 

revenues and market capitalization data, and ORBIT for patent family data. The resulting list 

identifies 25 OEMs representing 90% of automotive production in the period 2011-2016. The 

suppliers’ list has been created by combining information from AutomotiveNews’ Report of 

100 top automotive global suppliers, Bloomberg Supply Chain Function, which identifies 

relations between firms, as well as public filings, public announcements, and other property 

data. The resulting analyses identified 440 automotive suppliers, from which the Research 

Team selected the first 100. 

The third category, then, has been identified from that group of companies, which simply I 

have not found in the list of OEMs either in that of suppliers. It was in this category that I 

focused on identifying the potential new players in the automotive industry because they are 

all companies that are not traditionally coming from this industry. Still, since they have 

registered inventions related to it, they are to be considered interested in developing new 

technologies and potentially to enter in this industry. But, it is important to clarify, since the 

two lists provided by the Research Team contain only major OEM and automotive suppliers 

(and correlated companies), in this third category may also be included some companies 
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which already work as OEM or suppliers in the automotive industry, and, therefore, are not to 

be appropriately considered new players. 

In Appendix A, the table containing the list of companies grouped by corporate family and 

classified by the total number of patent families can be found. In the last column on the right 

is shown the number of assignee/companies attributable to that specific corporate family, 

while the colour indicates the type of company: with the green are highlighted the companies 

of the first group, that are the OEMs, in yellow those of the second group that is, that of 

supplier companies or companies that work for automotive industry suppliers. Finally, with 

the blue colour, the companies that belong neither to the first group nor to the second have 

been indicated, and it is in this group of companies that I have focused on to identify potential 

new players of the industry. 

Companies, therefore, have been first sorted by the total number of patent families. As it is 

possible to notice at first glance, and as it would generally be expected, corporate families 

with multiple patent families are mainly of the first and second groups, even there is a part of 

them belonging to the third group. 

5.2.1. First Group: OEMs 

Given the sample considered of the first category, namely that of the OEMs, 17 Corporate 

Families are part, for a total of 7357 patent families connected to them, therefore 21% of all 

the patent families taken into consideration.  

1. In the first place, there is the Ford Motor Company, an American car manufacturer 

founded by Henry Ford in 1903. As regards our dataset, the company/assignee with 

the most significant number of registered patent families belonging to this group is the 

Ford Global Technologies LLC, a Ford Motor subsidiary dealing with patents and 

copyrights. 

2. In the second place of the OEMs ranking, there is General Motors with 1065 patent 

families. In particular, the main assignees of this group are GM Global Technologies 

operations, which owns 769 patent families and is a subsidiary that deals with R&D 

and engineering services, while the General Motors parent which holds 289 patent 

families. 

3. In the third place, there is the Toyota Motor to which a number of 28 assignees have 

been traced, for a total of 1023 patent families. Within this group, the assignees with 
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multiple patent families are the parent Toyota Motor with 814 patent families and 

Toyota Motor Engineering, which holds 116.  

The group of OEM, in the analysis, consists of the following corporates (Table 1). 

Table 1: First category: OEMs 

Ranking Corporate name 
Total number 

of patent 
families 

Number of 
Corporate group's 

assignees 
Foundation Country 

1 FORD 1286 5  1903 USA 

2 GM 1065 8  1908 USA 

4 TOYOTA 1023 28  1933 JAP 

6 HYUNDAI 867 19  1967 KOR 

8 VOLKSWAGEN 811 14  1937 GER 

17 HONDA 592 8  1948 JAP 

19 MITSUBISHI 544 16  1970 JAP 

31 RENAULT 291 6  1899 FRA 

50 GEELY 164 9  1986  CHI 

51 BMW 163 3  1917 GER 

55 DAIMLER 151 8  1926 GER 

66 TATA 129 7  1945 IND 

67 PSA GROUP 128 4  1976 FRA 

129 MAZDA 48 2  1920 JAP 

139 NIO 45 2  2014 CHI 

198 FCA 27 3  2014 USA 

220 TESLA 23 2  2003 USA 

 

 

Figure 7: Geographical distribution of OEMs 

By doing online research, I realized that the OEM Tesla deserves a moment of reflection. The 

company does not have many patent families in our database. It was founded in 2003, so the 
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fact that it is a recent OEM compared to the others can be a more than a legitimate 

explanation. Tesla is an American company specializing in the production of fully electric cars. 

The company is noteworthy for having been able to break the traditional paradigms of the 

auto industry with innovative discoveries that have changed the rules of the game. The Boston 

Consulting Group, in fact, recently classified it as the ninth most innovative company in the 

world (Ringel et al., 2019)23. His fortune is given thanks above all to his CEO and product 

architect Elon Musk, one of the greatest innovators of the 21st century, who has been able to 

ride the trends and break the traditional patterns of innovation, leveraging on strategic 

resources. Indeed, Elon Musk has transformed Tesla's inventions into a Unique Selling 

Proposition. This means that Tesla does not have to compete following the same rules 

adopted by the consolidated companies, but can concentrate all its efforts in reacting to 

market innovation opportunities such as the development of the Autopilot, the IT system for 

autonomous driving. 

Despite the enthusiasm for Tesla’s unique style and speed, it is clear that what is truly 

revolutionary about Tesla, what sets it apart from more traditional competitors, is that its cars 

are huge data collection devices, which use data to optimize performance, refining future 

improvements and being immediately adaptable to new circumstances. Tesla's future is 

totally oriented towards the production of the best car in the world, and on the installation of 

the correct infrastructure to support this extremely ambitious goal. 

5.2.2. Second group: Suppliers 

As far as suppliers are concerned, I decided to focus a little more carefully on some companies 

since even if they are already somehow part of the automotive industry, they could always 

pose a threat to OEMs as they may want to develop their car and enter the market of vehicles 

directly with their brand. 

The group considered as "suppliers" of the automotive sector, as regards our analysis, is made 

up of 39 Corporate families, for a total of 278 assignee/companies taken into consideration, 

which hold a total of 9336 patent families, that is 27% of the sample considered.   

 
23 Ringel M., Beaza R., Kennedy D., Spira M. The Most Innovative Companies 2019 – The Rise of AI, Platforms, 
and Ecosystems. BCG, 2019. Web. June 30, 2020. (https://www.bcg.com/publications) 

https://www.bcg.com/publications)
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There are some companies present within the Corporate Tree of these companies that are not 

direct suppliers of the automotive sector but have nevertheless been clustered within the 

group since the parent company of reference was present in the list of suppliers. 

Table 2: Second category: Suppliers 

Ranking Corporate name 
Total number 

of patent 
families 

Number of 
Corporate 

group's 
assignees 

Foundation Country 

3 ALPHABET 1052 10 2015 USA 

9 DENSO 737 7 1949 JAP 

10 SAMSUNG  731 22 1938 KOR 

11 IBM 722 1 1911 USA 

13 ROBERT BOSCH 648 12 1942 GER 

15 PIONEER 630 5 1938 JAP 

16 PANASONIC 602 14 1918 JAP 

20 SIEMENS 527 27 1847 GER 

23 CONTINENTAL 475 20 1871 GER 

25 SONY 380 9 1946 JAP 

26 HITACHI 359 20 1910 JAP 

28 AISIN SEIKI 327 8 1949 JAP 

34 INTEL 272 9 1965 USA 

36 SUMITOMO GROUP 230 16 1615 JAP 

39 HONEYWELL 215 11 1906 USA 

43 CLARION 184 1 1940 JAP 

58 VALEO 146 18 1923 FRA 

63 ALPS ELECTRIC 134 8 1948 JAP 

79 OMRON 93 5 1933 JAP 

86 MAGNA INTERNATIONAL 79 6 1957 CAN 

100 GENERALE DES ETABLISSEMENTS 65 5 1888 FRA 

101 VISTEON 63 3 2000 USA 

108 ZF FRIEDRICHSHAFEN 58 5 1915 GER 

117 LEAR 53 2 1917 USA 

121 CUMMINS 51 5 1919 USA 

125 UNITED PARCEL SERVICE 50 2 1917 USA 

146 DELPHI TECHNOLOGIES 42 3 2017 GBR 

147 JOHNSON CONTROLS 42 3 1885 USA 

149 TEXAS INSTRUMENTS 41 1 1941 USA 

150 GENTEX 40 1 1974 USA 

162 EATON 36 4 1911 USA 

165 NIDEC 35 3 1973 JAP 

166 TOKAI RIKA 35 1 1948 JAP 

169 INFINEON 34 1 1999 GER 

173 TDK 34 4 1935 JAP 

179 MANDO 32 1 1962 KOR 

187 SPX 31 1 1912 USA 

202 APTIV 26 3 2017 IRE 

204 GOODYEAR TIRE & RUBBER 25 1 1898 USA 

In the first place (on the list of suppliers) can be found the company Alphabet, on which I have 

focused on for its recent results in the field of innovation in the automotive sector. Alphabet 
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is a U.S. company founded in 2015 as the holding company of several firms, including the well-

known Google. It is organized as a conglomerate that deals with technologies, biotechnology, 

research, and financial investments. 

Within the group, there is the Google company with 621 patent families. Google, as it is 

known, offers online services such as the Google search engine, Android and Chrome OS 

operating systems, and some web services such as YouTube, Gmail, Google Maps, and many 

others. 

As for its activity within the automotive industry, since 2014, Google has launched its own 

smartphone-based infotainment, Google Android Auto, which is a standard for allowing 

mobile devices with the Android operating system to be used in cars through the head unit on 

the dashboard. This standard offers numerous services such as GPS navigation, telephony and 

messaging, web search, music playback, and voice commands. For the use of the Android 

platform in the automotive field, an alliance called Open Automotive Alliance has also been 

established for car manufacturers and technology companies. 

Furthermore, Google does not only work on web projects but also on what is known as Self 

Driving Car or driverless car, an enterprise of the Alphabet group that uses the most cutting-

edge technology to create autonomous vehicles. The project, which began in 2009, is currently 

led by engineer Sebastian Thrun, director of the Stanford Artificial Intelligence Laboratory and 

co-inventor of Google Street View. Some prototypes of this autonomous car are already on 

the road and have already travelled billions of kilometres, but it is currently still in a testing 

phase. Alphabet's Waymo LLC was founded in 2016 to continue the autonomous machine 

project started by Google. The company is the second in the Alphabet group for the total 

number of patents, which are 204. The company is at the forefront of projecting autonomous 

driving software for cars. In April 2017, Waymo launched a limited trial of a self-driving taxi 

service in Phoenix, Arizona. On December 5, 2018, the service also launched a commercial 

self-driving car service called "Waymo One" thanks to which users in the Phoenix metropolitan 

area through the use of an app can request to be picked up. 

Alphabet, with Google and Waymo, is working to position itself at the epicentre of the 

autonomous car production opportunity. It expects to disrupt the traditional auto industry 

when the time comes to start building and selling them to vehicle buyers just like what Tesla 

is doing today in the electric vehicle segment. Many argue that Google is posing a much more 

significant competitive threat to automotive manufacturers.  
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The introduction of new technologies, typical of the fourth industrial revolution, are likely to 

be harmful to even the most traditional suppliers because some of the components they 

produce could be replaced by more technological and advanced components in line with the 

changing needs of the car manufacturers (advanced control systems, adaptive cruise control, 

vehicle-to-vehicle communication, etc.). Therefore, companies that do not renew and 

transform their production will be swallowed up by the competition because they are 

technologically obsolete. 

Most of these companies come from the electrical and electronics industry, and as you can 

see from Table 2, most of the suppliers come from the United States, Japan and Germany. As 

a result of the research carried out, it is possible to affirm the significant technological trends 

on which these companies are focusing their investments most are all that concerns the 

electrification of vehicles and the search for alternative power sources, among which there 

are above all Magna International and Denso, and the automation and digitization of vehicles 

including companies such as Waymo (Alphabet), Continental AG, Magna International, 

Mobileye (Intel), and Autoliv Inc. Moreover, in January 2020 Sony has launched a concept of 

electric vehicle called Vision-S in collaboration with Magna International, Continental and 

Elektrobit, at the Consumer Electronic Shon in Las Vegas.  

5.2.3. Third group: potential future new players of the automotive industry 

The third category, which as already said is the one in which I have investigated the potential 

future new players of the automotive industry, is made up of all those assignees/companies 

that I have found neither in the list indicating the major OEMs nor in that of suppliers. Starting 

from this group of companies that are 207 Corporate groups for a total of 626 assignees and 

17870 patent families, I have focused on the research of their core business. To highlight the 

interesting aspects of this analysis, I decided to group them following the business core logic 

that the parent company deals with. So, from here on, groups of companies that work in 

specific fields will be presented. Within these groups, the focus will be on the most relevant 

companies in terms of the number of patent families that can be connected to them, or on 

which have been found relevant information that may be useful for the research purposes. 

Within the various corporations, when necessary, will be then described in more detail, 

subsidiary companies that have a large number of patent families and are therefore worthy 

of being treated. The purpose of this review of companies is to give an idea of the diversity of 
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the areas and industries involved in such a way as to highlight the change that the automotive 

industry is witnessing. 

Based on the activity carried out by the parent company, a series of companies that work 

directly for the automotive industry has been identified, even though they are not part of the 

companies that have been identified as the most important suppliers of the industry. In 

particular, these deal with the manufacture of automobile parts and components. Within this 

group, it is possible to find the LG group in which LG Electronics is the assignee with the highest 

number of patent families, which are 781. Founded in 1958, the company initially specialized 

its activity in electronic equipment and mobile phones. Nowadays, it supplies vehicle 

components and systems, including electric motors, power converter modules, battery cells, 

and high-performance distribution modules. It collaborates with prominent OEMs such as 

General Motors. Recently, the company has developed OLED technologies, AV navigation 

systems, infotainment systems, and comfort optimizers such as ADAS cameras, LCD 

dashboards, and electric compressors.  

Within the group that operates as automotive parts and components manufacturers, I decided 

to include also the automaker Subaru that was not present in the list of major OEMs provided 

by the research team. Subaru is part of the Fuji Heavy Industry Corporation. I carried out this 

classification to make it clear that these companies can be directly connected to the 

automotive industry and therefore are not to be considered as new players. This group is 

mainly composed of American and Japanese companies. 

Within this third group of companies, have been found the group of "conglomerates" that are 

companies that carry out different types of activities. Among the most exciting and 

noteworthy regarding new technologies, it is possible to find: 

• ABB Swiss-Swedish multinational company founded in 1988, with 35 patent families, 

which is active in the field of robotics, automation, and energy. For years, the company 

has been dealing with an electric and sustainable sustainability model, designing e-

mobility solutions. In 2013, with the Tosa project, it developed and built a zero-

emission, zero-charge electric bus system. Recently in 2019, it was awarded the Global 

E-mobility Leader for its role in supporting the international adoption of sustainable 

transport solutions. 
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• General Electric, an American multinational founded in 1892 that deals with 

automation, electricity, lighting, appliances, finance, and much more. It holds 498 

patent families overall. As regards the automotive sector, he mainly deals with 

digitizing the factory, then software solutions for automotive manufacturing, industrial 

internet, digital manufacturing execution systems combined with augmented reality24 

• SK Group, a huge corporate group, made up of 95 subsidiaries that share the SK brand 

and the Group's management culture. It is the third-largest conglomerate in South 

Korea. Its largest companies are mainly involved in the chemical, energy, 

telecommunications, and semiconductor industries. Within the group, there is SK 

Telecom with 152 patent families. This company, in particular, is a telephone operator 

of the SK group. In 2016 he became a member of the 5G Automotive Association 

(5GAA) a global multisectoral association of companies in the telecommunications and 

automotive sector, which aims to meet the needs of connected mobility and road 

safety with applications such as connected automated driving, access omnipresent to 

services and integration in smart cities and smart transport. 

• Trimble, a Californian company, founded in 1978 holding 349 patent families. It is 

primarily a Software as a Service technology company for many sectors (agriculture, 

construction, construction, geospatial, utilities, etc.) and also develops hardware for 

GNSS receivers, laser rangefinders, unmanned aerial vehicles (UAVs), inertial 

navigation systems and software processing tools. Trimble also manufactures 

components for in-vehicle navigation and automotive telematics applications and 

timing modules used in wireless network synchronization. High precision positioning 

for cars and other vehicles via Trimble GNSS software is available. Trimble RTX Auto, a 

GNSS (Global Navigation Satellite System) software library, is specifically written for 

use in safety-critical automotive applications, and its technology is helping to safely 

accelerate vehicle autonomy and transforming the way the people’s drive.25 

Leading automotive electronics suppliers combine Trimble GPS engines and antennas 

with other sensor technologies and map matching algorithms to produce a variety of 

 
24 Automotive. GE Digital. Web. June 14, 2020. (https://www.ge.com/digital/customers/automotive)  
25 Source: LexisNexis (https://bit.ly/2NsRfO1)  

https://www.ge.com/digital/customers/automotive
https://bit.ly/2NsRfO1
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car navigation and emergency response systems, as well as other automotive-based 

applications.26 

There are also six corporate groups (23 assignees) that deal with the production of heavy 

industrial equipment and machinery, such as: 

• Caterpillar, a company that holds 160 patent families and that deals with the design, 

development, manufacturing of construction machinery, internal combustion engines, 

financial services, and insurance to customers through a global sales network. 

• Crow equipment, which manufactures 85 per cent of the parts used in its lift trucks, 

producing components ranging from wire harnesses to electric motors.  

These companies are characterized by being of ancient foundation (1837-1945) and are mainly 

American and Japanese. 

Another group of companies identified is the one linked to the transport industry or which are 

involved in providing solutions for mobility. Among the most interesting are: 

• DiDi, a Chinese private company, founded in 2012 which offers transportation services 

based on a mobile App, including taxi hailing, private car-hailing, social ride-sharing, 

and bike-sharing. Moreover, it offers on-demand delivery services and other 

automobile services, including sales, leasing, financing, maintenance, fleet operation, 

electric vehicle charging, and co-development of vehicles with automakers.   

• Lyft is another company that works through a ridesharing app. Recently the company 

has declared its choices to transform its entire fleet into electric. Therefore, every car, 

truck, and SUV on its platform will be fully electric or powered by another zero-

emission technology by 2030. Lyft plans to use its platform to push competitors, 

policymakers, and the auto industry to move on to electrification. The company is also 

investing in the development of autonomous vehicles. 

• Uber, a company founded in 2009 in San Francisco, in the United States, is today the 

leading mobility-as-a-service provider and one of the most innovative companies in 

the automotive sector, with 251 patent families. It provides a private car 

transportation service through a mobile application by providing a direct connection 

between passengers and drivers. Today it operates in more 77 countries. Recently, it 

 
26 In-Vehicle Navigation & Telematics. Trimble. Web. June 14, 2020. (https://www.trimble.com)   

https://www.trimble.com/
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has also developed other services such as food delivery (Uber Eats) and a micro-

mobility system with electric bikes and scooters. Thanks to these services, Uber has 

revolutionized the world of mobility, completing changing the people's conception of 

moving and owning a car. Uber has also recently invested in the research and 

development of self-driving vehicles. In particular, Uber ATG, a subsidiary of Uber, 

holder of 118 patent families and minority-owned by Softbank Vision Fund, Toyota and 

Denso, is developing self-driving cars, which it has been testing on the streets of the 

United States since 2016. 

Among this group, there are companies from the USA, China, Korea, and Europe (France). 

Another large group of companies comes from the aerospace and defence industry. From this 

research, seems plausible that future cars and aircraft soon will have a lot in common, since 

aerospace industry, in particular, have the knowledge and know-how to contribute to the car 

transformation, especially as regards for the autonomous driving and safety systems. 

Within this group, the largest in the number of patent families is Boeing, the US public 

company of the aeronautical industry founded in 1916. It holds 815 patent families. It mainly 

deals with the production of aircraft for civil and military use. Aerospace technology will 

improve safety, efficiency, and passenger comfort on the road.  

Boeing has a wide range of innovative applications for the current and future automotive 

landscape. Whether it is weight saving, collision prevention, or ad hoc networking, Boeing has 

unique resources and skills that are important for automotive companies. Boeing offers 

extensive useful technologies for OEMs, suppliers, and manufacturers of special components. 

To better exploit Boeing innovations and technology, the Boeing Intellectual Property Business 

has set up a program to create licensing partnerships with car manufacturers and suppliers. 

The program also provides for the licensing of know-how, software, design, technology, and 

patents that the Boeing Intellectual Property Council has authorized for external release. 

Some of the advanced ideas of Boeing for future cars include sensors that monitor vehicle 

health, improve poor visibility, streamlined devices to reduce drag, open system software to 

simplify computer control systems, advanced manufacturing, and mould systems and 

software programs (Golightly, 2003).27  

 
27 Golightly G. The car of the future. Boeing Frontiers, 2003. Web. June 20, 2020. 
(https://www.boeing.com/news/frontiers)  

https://www.boeing.com/news/frontiers/archive/2003/november/i_pw.html
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The aerospace and defence group is the third, both per number of corporate groups, both per 

quantity of assignees, and it is the fourth per number of patent families. The countries most 

involved in the patenting activity of this group are Europe and the USA. 

Another group is the one coming from the electronics industry. Thanks to the technologies 

provided by these sectors, the automotive industry is witnessing a revolution. In fact, 

electronics now play an increasingly vital role for almost every part of the vehicle, from the 

bodywork to the powertrain to the infotainment system. As consumers demand more 

innovation in terms of advanced safety, security, infotainment, comfort, and federal fuel 

economy standards continue to increase, next-generation vehicles will have more electronic 

components increasingly. As a consequence, the automotive industry will depend heavily on 

the electronics industry. In fact, this group of companies is the first both per number of 

corporate groups and number of assignees, both per the total number of patent families. 

Among this group of companies is interesting to talk about, SZ DJI Technology Co. Ltd, 

commonly known by the name DJI, a Chinese company founded in 2006 and which holds a 

total of 303 patent families. The company is a world leader in the production of unmanned 

aerial vehicles (drones) for aerial photography and videography, cameras, and stabilizers. 

For what concerns the automotive industry, the company also deals with the production of 

lidars that are used in industrial drones to make production more efficient but have also been 

recently developed to be applied to autonomous vehicles. Livox Technology Company Limited 

is an independent company founded in 2016 through DJI's Open Innovation program. Livox is 

committed to overcoming the current technological barrier in the LiDAR sector and to helping 

customers integrate LiDAR sensors into the efficient marketing of their projects, such as 

autonomous driving, robots, 3D cartography, smart cities, security and more. 

Another company that I consider among the top players for the future automotive industry is 

Amazon. Amazon is a U.S. company founded in 1994 and the largest internet company in the 

world. It is the first company to selling goods on the internet. It started as an online bookstore, 

but soon expanded the range of products sold to DVDs, music CDs, software, video games, 

electronic products, comics, clothing, furniture, food, toys, and more, as well as to diversify its 

activities. The group company related to our database is Amazon Technologies, with 319 

patent families. The tech giant is expected to increase its Alexa-enabled offerings in the 

coming months and years, including significant expansion in the vehicle's embedded software 
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systems. From the information founded on the Internet, it is possible to notice that the 

company seriously intends to infiltrate into the automotive industry. Bringing the famous 

voice assistant into vehicles is part of a growing automotive business portfolio for Amazon 

that includes a consumer research website and a substantial investment in the Rivian electric 

vehicle start-up. Alexa is one of the many means through which Amazon is entering the 

automotive sector or collaborating with automobile manufacturers. In February, the company 

conducted a $ 700 million investment round in Rivian. It launched Amazon Auto, a consumer 

review website in 2016, and Amazon Web Services has expanded its presence in the 

automotive sector, including Cox Automotive, by transferring its infrastructure to the cloud-

based operation (Wayland, 2019).28 

In addition to its cloud platform, Amazon Web Services, the company has focused much of its 

automotive efforts on the Alexa voice assistant. Voice assistants like Alexa pose a dilemma for 

automakers, who have to decide whether to develop those features on their own, share the 

work with tech companies, or hand over the task to companies like Amazon or Google. 

Amazon has gone beyond just bringing its user experience to the automotive industry. The 

company's investment in Rivian which includes an order for 100,000 electric vans is another 

example of its growing competitive position. Amazon has also invested in the Aurora self-

driving car start-up, which has attracted a lot of attention from car manufacturers.29 

Among the companies coming from the industry of electronics, there are a number of them 

specialized in the production of semiconductors. Semiconductors are mainly influencing the 

advancements in automotive technology and contribute to all innovative trends characterizing 

the automotive industry nowadays. An example is Broadcom, an American company holding 

163 patent families. The company is involved in the design, development, production and 

global supply of a wide range of semiconductor software products and infrastructure. Typical 

applications for its products include data centre networking, home connectivity, broadband 

access, telecommunications equipment, smartphones, base stations, servers and data centre 

storage, factory automation, power, and energy generation systems alternative, display, and 

mainframe operations and management, and application software development. In the 

automotive industry, Broadcom works to provide onboard connectivity and network 

 
28 Wayland M. Amazon expanding reach in the automotive industry. Automotive News Europe, 2019. Web. June 
21, 2020. (https://europe.autonews.com)  
29 Source: LexisNexis (https://bit.ly/2V927Fd)  

https://europe.autonews.com/automakers/amazon-expanding-reach-automotive-industry
https://bit.ly/2V927Fd
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applications such as infotainment systems, cameras, and ADAS sensors. It also specializes in 

fibre optics, LED lighting, and wireless communication solutions. Broadcom's automotive 

solutions enable OEMs to offer innovative electronics to next-generation vehicles and improve 

the overall driving experience and consumer safety. 

The countries of origin of the companies of this group are mainly the USA, China, Japan, 

Europe, and Taiwan.  

A large portion of companies is also part of the telecommunications industry. This is the 

category with the most companies in the second position by the number of patent families. 

Most of these companies are engaged in the development and implementation of the 5G 

network that will allow vehicles to connect to the internet, communicate with each other and 

exchange information instantly for more efficient traffic management and more excellent 

safety on the roads. 

Among these companies, it is possible to find: 

• Comtech Telecommunications Corp. founded in 1986, which owns 194 patent families. 

The company designs, develops, produces, and markets innovative systems, products, 

and services for advanced communications solutions. It offers them for commercial 

and governmental purposes. Its offering includes command and control, safety and 

security technologies, with geolocation, search, routing, and navigation. Its platforms 

are used to provide connected car connectivity. For the automotive market, in 

particular, the company offers location-based services.30   

• Ericsson, a Swedish multinational founded in 1876 and active in the supply of ICT 

communication technologies, services, and software. The Ericsson Connected Vehicle 

Cloud platform is the most comprehensive auto connected platform that currently 

connects over 4 million vehicles in 180 countries around the world, approximately 10 

per cent of the now connected vehicle market. The platform is tailored to meet the 

growing demand of vehicle manufacturers for scalability and flexibility with the ability 

to support any connected vehicle service.31 

 
30 Source: Orbis 
31 Joining forces for the next generation of Connected Cars. Ericsson. Web. June 22, 2020.  
(https://www.ericsson.com)  

https://www.ericsson.com/en/internet-of-things/automotive/partners/microsoft
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• Nokia, a Finnish multinational founded in 1865, is a global leader in mobile 

communications whose products have become an integral part of people's lives 

around the world. Nokia's technological and design innovations have made the brand 

one of the most recognized in the world. Its mobile phone business was acquired by 

Microsoft, creating Microsoft Mobile in 2014. After the sale, Nokia began to focus 

more on its telecommunications infrastructure business, also marked by the sale of 

the Here division, the sale of the luxury brand. Vertu and the acquisition of Alcatel-

Lucent. The company then experimented with virtual reality and digital health through 

the purchase of Withings. 564 patent families are attributable to Nokia Corporation, 

of which: 284 to Nokia itself and 76 to Alcatel Lucent. 

• AT&T, an American telephone company, founded in 1893 which holds a total of 184 

patent families. Its telecommunication network covers 127 countries in the world. 

Today it provides voice, video, and data transfer services via the Internet to individuals, 

businesses, and government agencies. In addition, it offers cloud computing services 

for companies ensuring reliability and security. AT&T has been the first company to 

open a connected car research and innovation centre. Today it provides connectivity 

into cars for the majority of car brands with 4G LTE connectivity, WIFI Hotspot 

connectivity, infotainment services, and so on. Since 2019 he has been collaborating 

with Vodafone to facilitate and accelerate companies in the implementation of the 

Internet of Things technology in the automotive sector. 

• Verizon or Verizon Communication, an American multinational telecommunications 

conglomerate which owns 228 patent families.  In June 2012, as part of its strategy to 

expand into the wireless business, Verizon purchased Hughes Telematics, a company 

that manufactures wireless automotive functionality, and in 2017, the company 

invested $ 10 million in Renovo Auto. , a Campbell, California based autonomous 

vehicle company.  

Verizon Connect, in particular, which owns 12 patent families, is working on delivering 

OEM automotive solutions for connected vehicles, including design, engineering, 

security, provisioning, and advanced infotainment, in addition to sales and marketing, 

training and call centre support. 

Verizon works as a partner of the most relevant automakers to deliver advanced 

connectivity, in-vehicle WIFI, mobile resources management solutions, and other 
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related services for the connected car market. It also offers software solutions for 

businesses vehicles management, such as GPS tracking solutions, reports, and alerts.  

Then there are several companies that deal with developing technologies for navigation, 

geolocation, and mapping, among which it is possible to find: 

• Here Technologies, a company belonging to a consortium of car manufacturers (Audi, 

BMW, and Daimler) since 2015, born on the ashes of Navteq and purchased by Nokia 

in 2007. The company owns 630 patent families. The company is a leader in the field 

of digital maps and location services. It currently supplies maps to companies such as 

Alpine, Garmin, BMW, Oracle, and Amazon. HERE the business continues to extend its 

portfolio of industry-leading products to meet the needs of its automotive customers; 

offers the first localization cloud that provides people with the best localization maps 

and experiences in the world on multiple screens and operating systems unified under 

the HERE brand. 

• TomTom, another Dutch company founded in 1991 that produces satellite navigation 

systems for vehicles and smartphones. Thanks to its devices, the company collects a 

wealth of information that is analysed in an almost entirely automated way, with 

Artificial Intelligence tools, in order to understand the presence of new roads, blocks, 

traffic, and produce map updates. Today, with the almost universal spread of the 

smartphone, TomTom's business has focused more on the software side on the supply 

of maps to third parties and on navigation apps (GO Navigation). In recent times, the 

company has also been focusing on the development of autonomous driving, which 

requires a highly detailed mapping of the territory. The Dutch company was the first 

to map some highways in the United States, Japan, and Europe in HD, and has already 

signed agreements with the leading manufacturers involved in self-driving tests. 

TomTom itself is developing its own autonomous vehicle called Trillian. 

This group is the third per number of patent families. 

Information technology is another component that is becoming increasingly important in the 

development of modern cars. Among the companies that work in this area in our database, 

have been identified: 
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• Mitac, a Taiwanese company founded in 1982 that has 78 patent defects. It provides 

GPS navigation devices, automotive solutions, cloud services, and cloud computing 

products worldwide. The company offers a range of electronic manufacturing services, 

such as research and development, design, manufacturing, assembly, marketing, and 

solutions. It also distributes portable car navigation products, portable outdoor 

navigation devices and mobile GPS solutions, and DashCam for vehicles, portable 

navigation devices for off-road cars and trucks with the brands Magellan, Mio, and 

Navman. Through its branches, the Company is mainly engaged in the development, 

design, production, and sale of computers and related peripherals, as well as 

communications and associated products. The Company manages its activities into 

two segments. The cloud computing product segment offers workstations, servers, 

storage devices, enterprise-level servers and workstations, personal computers (PCs) 

(LCD) all-in-one liquid crystal displays (PCs), mini PCs, point of sale systems (POS), as 

well as industrial Panel PCs, barebones and integrated embedded motherboards. The 

mobile communications product segment offers automotive electronics, consumer 

electronics, business electronics, and smart wearables, as well as intelligent navigation 

and cloud services. The Company distributes its products on the domestic market and 

on foreign markets, such as the United States and Europe.32 

• Baidu, a Chinese company, founded in 2000 which holds 183 patent families. It is a 

multinational technology company specializing in Internet and artificial intelligence 

(AI) related services and products. The Baidu search engine is one of the most 

important in China. In addition to the search engine, it also offers services such as 

online maps (Baidu Maps), cloud storage, and online encyclopedia. In 2017, Baidu 

announced the launch of its Apollo (Apolong) project, a self-driving vehicle platform, 

in an attempt to help guide the development of autonomous cars, including vehicle 

platform, hardware platform, software platform, and services. Baidu launched this 

project in July 2017, before gradually introducing fully autonomous driving capabilities 

on highways and urban roads open by 2020. Recently, the company inaugurated a 

robot-taxi service in Changsha in China. The initial fleet consists of 45 self-driving taxis. 

The service will expand to include an area of 70 square kilometres. This represents one 

 
32Source: LexisNexis (https://bit.ly/3igSZIx)  
 

https://bit.ly/3igSZIx
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of the most significant autonomous driving projects ever. As for connectivity, Baidu's 

CarLife, a system that allows cell phones to control infotainment in a car, has been 

operational since 2015. Baidu's voice assistant technology is called DuerOS. 

• Microsoft, an American IT company founded in 1975 and one of the major software 

companies. It holds a total of 460 patent families. It currently develops, manufactures, 

and sells, or licenses, computer software, consumer electronics, personal computers, 

and services. Its best-known software products are the Microsoft Windows operating 

system line, the Microsoft Office personal productivity suite, and the Internet Explorer 

and Edge browsers. In the hardware sector, its most popular products are the Xbox 

console family and the Microsoft Surface products. As for the automotive industry, it 

currently deals with developing connected vehicle systems, autonomous vehicles, 

intelligent supply chains, creating smart mobility services. Microsoft is among the best 

companies to develop connected vehicle systems. 

There are also, companies more focused on hardware and software development, among 

which there are: 

• Apple, an American company founded in 1976 that produces operating systems, 

computers and multimedia devices. Over time, Apple has introduced numerous 

innovations in the field of high technology and design to the general public, applied to 

IT products. It holds a total of 289 patent families. For years, Apple has seen the 

automotive industry as a great opportunity; in fact, it has made numerous investments 

to improve the driver's experience through its products. In 2014 he developed CarPlay, 

a software that allows you to manage some iPhone functions on the car display. The 

fact that Apple has been studying for years to enter the automotive industry is no 

secret. For years notices about Apple's development of its own fully electric car and 

with autonomous driving technology have been heard; news confirmed by 

investments in research and development and by recent hires directly from the 

automotive industry. This project has been nicknamed "Titan project," but there are 

no official statements from the company yet, the idea, as known, is being studied and 

designed. In addition to the "iCar", it would seem that Apple was also dedicating itself 

to the design of hardware and software to be included as components to be integrated 

into future models of traditional automakers. If an Apple Car comes out, many expect 
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it to revolutionize the world of personal mobility, as it has been with the iPhone for 

the mobile phone industry. 

• Blackberry, a Canadian company, founded in 1984, specializing in enterprise software 

and Internet of Things, which owns 184 patent families. Famous to have developed the 

BlackBerry brand of smartphones and tablets, it transitioned to a software and services 

business for several sectors from automakers to governmental agencies. They include 

the cybersecurity solutions based on the artificial intelligence of BlackBerry Cylance, 

the platform of the BlackBerry AtHoc emergency communication system (ECS), the 

QNX real-time operating system, and BlackBerry Enterprise Server (BlackBerry Unified 

Endpoint Manager), a Unified Endpoint Management (UEM) platform. QNX, in 

particular, is an embedded real-time operating system that drives multiple software 

systems in modern vehicles and forms the basis for solutions such as the Internet of 

Things. 

Moreover, there are companies more focused on wireless technology, among which it is 

possible to find Qualcomm, a U.S. company founded in 1985, holds 860 patent families as a 

group (parent 790 only). Its main activity is research and development in the field of wireless 

telecommunications, and it is in the top 5 of the semiconductor manufacturers for sales in the 

world. Although it has always dealt with smartphone technologies, it has recently entered the 

automotive sector. It deals with telematics, infotainment, ADAS, and cloud connectivity. It is 

also developing autonomous driving solutions and 5G technology.  

Given the new technologies of the fourth industrial revolution and the needs of customers 

who want more and more interactive cars, connected to smartphones, Qualcomm is growing 

a lot in the automotive field. 

Among the groups of companies that deal with activities other than those mentioned above, 

it is interesting to note that there is a large group of universities within this third category. 

These are mainly engaged in the research and development of these new technologies and in 

this regard, very often conclude agreements with companies and start-ups. In this group, I 

noticed a large number of Chinese and South Korean universities, which makes us understand 

how these countries are engaging and investing in the research and development of these 

new technologies. Among the various universities, it is possible to find interesting information 

on the Massachusetts Institute of Technology (MIT), an American university that holds 33 



 

107 
 

patent families. MIT has been a global leader in robotics technology for decades and has 

contributed to a cluster of companies specializing in AV robotics technology in the Cambridge 

and Boston areas. MIT graduates also produced several robot-related spin-offs, including 

some specifically interested in autonomous vehicle distribution. One major company that has 

exploited the Boston robotics cluster for AV development is the Toyota Research Institute 

(TRI), which has located one of its three offices in Cambridge (the other two offices are in 

Michigan and California). TRI sponsors the MIT computer science and artificial intelligence 

laboratory (CSAIL), where researchers study various facets of AI and machine learning applied 

to vehicle automation (World intellectual property report 2019, Chapter 3). 

In addition to universities, it is also possible to find companies and government institutions 

focused on research and development. An example is DLR, a German space agency founded 

in 1997, engaged in research programs in the aviation and spaceflight sectors. As for the 

automotive industry, the agency also focuses its research on alternative energy sources, 

sustainable transport, autonomous driving, emissions traffic management, connectivity, and 

robotics.33 

Among the research institutes, there are a large number of Korean institutions such as Korea 

Electronics and Telecommunications research institute with 288 patent families. It is a Korean 

government-funded research institute established in 1976. It is one of the leading research 

institutes in the wireless communication sector with over 2500 patents filed. ETRI contributes 

to the economic and social development of the nation through the research, development, 

and distribution of underlying industrial technologies in the field of information technologies, 

communications, electronics, and broadcasting.  

The rest of the companies carry out a variety of activities: robotics and artificial intelligence 

(Brain, Humatics and Irobot), Internet (ex. Facebook, E-bay), advertising (Jcdecaux Group), 

asset management (Viper Holdings), banking, insurance and finance (ex. Statefarm, Ares 

Capital, USAA), hypermarkets chain (Walmart), footwear manufacturing (Nike), courier 

(Deutsche Post), car dealer (Donnelly Group), services (ex. Conduent, Accenture, Amano), 

 
33 DLR – Knowlendge for tomorrow. TFS. Web. June 25, 2020. (https://www.techforspace.com/european-
space/dlr)  
 

https://www.techforspace.com/european-space/dlr
https://www.techforspace.com/european-space/dlr
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locking systems (Allegion), thermal imaging cameras (Flir), trucks solutions (Ominitracs and 

HUF), and printing technology (Zebra and Fuji Xerox). 

There is also a group of companies that work as patent licensing such as Provenance Asset, 

Intellectual Venture, and Acacia Research. Finally, there are some companies on which I didn’t 

find any information about their identity (Tongteng Global Information, Wai On Liability, and 

Boom Movement).  

5.3. Research findings 

Having completed the search for information on the companies in the top positions of the list 

by the number of patent families and also considering the developments in which these 

companies have been leading actors, in this section, the most important things found with the 

analysis will be summarized. First of all, most of the companies/assignees seem to become 

from the tech sector, and the surprising thing is that there are companies like Google, Uber, 

Amazon in the top positions before other major car manufacturers which makes us 

understand that something is changing and that the automotive industry is undergoing a 

significant transformation. Moreover, the top countries involved in the patenting activity of 

the third group of assignees considered are mainly the USA, Europe, Korea, and China sorted 

by the total number of patent families. The fact that there are China and Korea on the top 

positions explains the changing nature of technologies involved and the changing competitive 

environment among countries since these two countries have started 4IR innovations ten 

years later than in the others (Ménière et al., 2017). Within Europe, Nederlands, France, 

Germany, and Sweden are foremost in the patenting activity of the 4IR changes. The United 

Kingdom and other European countries such as Switzerland, Finland, Norway, Austria, and 

Ireland have also shown inventive activity. 
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Figure 8: Geographical distribution of 3rd group assignees 

Given the information collected on the various companies, it is possible to outline that the 

automotive industry currently moves in four main directions: 

1. Electrification. While some companies focus on the research of alternative power 

sources, the road to electrification is the most common trend. Supported by 

governmental policies, electric vehicles continue to drive innovation in the automotive 

industry, and more and more companies are deciding to convert their fleet with more 

sustainable solutions. The market of electric vehicles, therefore, is forecasted to 

expand exponentially over the next few years, becoming the dominating technology 

of tomorrow’s automotive industry (Franklin and Gaudy, 2019). In this context, the 

Chinese market seems to be at the forefront (Robinson and Tummalapalli)34. The 

transition towards the e-mobility has been made possible by the advances of the 

fourth industrial revolution, which has allowed electric vehicles to be more affordable. 

Thanks to the enabling technologies of this revolution, we are witnessing a global 

evolution of energy systems, which are becoming cleaner and more decentralized, 

with energy generated, stored and distributed closer to end customers, through the 

acceleration of renewable energies and of storage technologies. At the same time, 

 
34 Robinson R. and Tummalapalli S. R. Plugging into the future. Electrifying the global automotive industry. 
Deloitte, 2018. Web. June 26, 2020. (https://www2.deloitte.com).  

https://www2.deloitte.com/
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digitalization allows customers and operators of the electrical system to control where, 

when and how electricity is used (Tricoire and Starace, 2018)35. 

The electrification of vehicles is not just driven by breakthrough battery technologies, 

but it is also at the root of many advances in vehicle safety, including cameras, radars, 

and sophisticated sensors. 

As regards the patenting activity, component manufacturers are innovating and filing 

patent protection in this field, in such a way that the future trend seems to be that 

they will play an increasingly crucial role in the transition towards electrification 

(Franklin and Gaudy, 2019).  

2. Connectivity. As seen in the research, there are several industries engaged in the 

development of integrated systems for the realization of connected vehicles. The need 

for future mobility is oriented towards the creation of cars that can communicate with 

each other and exchange information in real-time thanks to the Internet connection. 

One of all is the electronics industry, which has long been involved in integrating 

systems to ensure the reliability and safety of the vehicle (ADAS) and improve the 

driving experience thanks to infotainment systems. Another industry is one of the 

telecommunications, engaged in designing the infrastructure that will enable vehicles 

to be connected. Among all the companies, as seen, AT&T and Verizon are currently 

the largest to offer cars the internet connection. But those that play a leading role are 

the companies that develop software investing in the implementation of connected 

vehicle systems. These will be able to take advantage of the opportunity for 

technological advancement to enter the automotive sector. Examples of companies 

that demonstrate their commitment are Ericsson and Microsoft, who are bringing the 

experience of connected vehicles to offer powerful new integrated connected vehicle 

solutions. Furthermore, consumers are increasingly pushing car manufacturers to 

integrate systems that can connect their cars to smartphones. The car-smartphone 

connection is one of the most common trends I witnessed during my research. 

Therefore, in this context, the Internet giants Google, Apple, and Amazon come into 

play, who, with their Apps and in-vehicle assistants know how to improve the driver's 

customer experience. 

 
35 Tricoire J. P. and Starae F. These 3 elements are crucial to the future of electric cars. World Economic Forum, 
2018. Web. June 26, 2020. (https://www.weforum.org).  

https://www.weforum.org/
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3. Automation. An extension of the aforementioned connected vehicle is the so-called 

autonomous vehicle, another trend that during the research we have heard so much 

about and which companies from different industries are competing to see who will 

get out of their vehicle driverless first. Autonomous cars are other prominent examples 

of advanced software development. Currently, it would seem Waymo the company 

ahead in terms of autonomous driving, and it certainly is one that has ground the most 

kilometres without a driver. Innovation in autonomous technology and artificial 

intelligence sectors is destined to transform the automotive ecosystem by including 

different categories of companies that were not traditionally belonging to the 

automotive industry. 

Often companies that develop powerful software that allows driverless driving, having 

no experience in car construction, find themselves forced to make agreements with 

OEMs to see their innovations realized.  

Among the various companies involved in the development of autonomous driving 

systems, navigation technology, and mapping companies such as TomTom and Here 

also play an essential role. Digital mapping is necessary to allow vehicles to be able to 

move on the streets alone. The surrounding environment of the roads for autonomous 

driving needs to be reproduced digitally in a very detailed way. On this digital mapping, 

moving objects are reflected thanks to sensors that detect them and measure their 

distance so that the car can perceive obstacles and act accordingly. As for autonomous 

driving and safety systems, as said before, companies from the aviation industry such 

as Boeing are also involved. These companies have the knowledge both as regards the 

advanced industrial automation production processes in the factory, and as regards 

the safety systems and software that allow the autopilot. 

4. A new concept of mobility based on on-demand; it has been driven by those 

companies that provide ride-sharing services through an App platform for 

smartphones. As seen, the main ones working in this field are Uber, Lyft, and DiDi, 

which have become famous all over the world. In addition to completely disrupting 

mobility, they are also generating essential consequences for the automotive industry, 

because due to this new mode of transport, consumers are reviewing their needs for 

holding their own car. Consumer behaviour towards mobility is changing; it is 

estimated that thanks to sharing, the demand for the purchase of vehicles in the 
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coming years is set to decrease, while that of on-demand mobility services to grow, 

especially in large cities. One out of ten cars sold is forecasted to be a shared vehicle 

by 2030 (McKinsey, 2016).  

Also, these companies are investing heavily to apply the most advanced technologies 

to their vehicles and, thus, offering the best possible customer experience. The trend 

on which these companies focus most is the robot-taxi self-driving service.  

These four technology-driven technologies are forecasted to reinforce and accelerate one 

another (McKinsey, 2016). 

Moreover, to allow onboard processing power and data flow capacity need to increase 

massively, and all this needs to be supported by the 5G network technology. According to an 

Amplified and GreyB’s 2020 Report, the 5G market research consists of 12 top companies that 

are leading the research of 5G technologies (Vipin and Tanwer, 2020).36 Among them, there 

are Samsung Electronics (South Korea), Huawei Technologies Co. Ltd. (China), ZTE Corporation 

(China), Nokia Networks (Finland), NEC Corporation (Japan), Ericsson (Sweden), Qualcomm 

(US), Verizon (US), Orange (France), Mobile TeleSystems (Russia), AT&T (US) and Cisco 

Systems (US). All of them are also present in the patent database with a high number of patent 

families.  

The 5G network technology, with the Ultra-Reliable Low Latency Communications (URLLC), will 

make possible technologies such as the Internet of Things, remote surgery, and 

autonomous/connected vehicles through real-time control, safer transport networks and low 

latency communications. 5G cellular network technology is the future of autonomous and 

connected cars. This technology will allow the transmission of data that is needed to support 

data sharing, real-time high-definition maps, infotainment solutions, etc.  As regards the 

automotive industry, 5G Automotive Association had been created in 2016. The association is 

composed of several OEMs and companies from the Telecommunications, Consumer 

Electronics, Internet, and ICT industries. The association develops, tests, and promotes 

communication solutions and accelerates commercial availability and penetration in the 

global market. The goal is to meet the needs of society's connected mobility, and road safety 

 
36Vipin S. and Tanwer N.  5G Market Research: What are the top companies upto?. GreyB, 2020. Web. June 27, 
2020. (https://www.greyb.com).  

https://www.greyb.com)/companies-working-on-5g-technology/?utm_source=5G&utm_medium=Website&utm_campaign=5G%20Report
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with applications such as connected automated driving, pervasive access to services, and 

integration in smart cities and smart transport (Volkswagen AG, 2016)37.  

Furthermore, by reading the history of the various companies, have been identified a 

significant Mergers and Acquisitions activity as a strategic activity to guide company growth. 

So, the traditional structure of the vertical integration of the automotive industry, as 

mentioned above, is being transformed into a network of different actors with ever new 

participants joining the supply chain and an ecosystem of partners. 

  

 
37 Volkswagen AG. Telecommunications and automotive players form global cross-industry 5G Automotive 
Association, 2016. Web. July 10, 2020. (https://www.volkswagenag.com).  
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Conclusions 

The aspects mentioned above make us realize that nowadays, we are witnessing a profound 

“reshaping” of the automotive industry (WIPO, 2019). Surely these trends with the advance 

of time will strengthen and consolidate revolutionizing the entire industry.  

All these changes that come simultaneously put the OEMs in a critical position, in which they 

have the arduous task of deciding which of the trends to prioritize and on which technology is 

more urgent to invest.  

Aware of the long times required for technological and product development, the expansion 

of production capacity, and large-scale penetration, car manufacturers inevitably find 

themselves having to decide on many aspects in a relatively limited period of time. They are 

increasingly aware of the urgent need to prepare adequately for a turbulent scenario and to 

place themselves in a defensible competitive position in the medium-long term. A crucial 

choice is the one which concerns the investment of resources in research and development 

to build in-house skills and knowledge.  

Another important decision is about the forms of collaboration. Automotive companies are 

aware of their limitations and therefore have every interest in forming partnerships with 

companies in the technology industry in order to share skills and knowledge but also costs and 

risks and, at the same time, defend their position on the market, which is threatened from the 

advent of outsiders (new players from other sectors).  

The risk that car manufacturers may face is, however, that the situation would be reversed, 

and, in turn, they would become suppliers of these new players, commodifying their critical 

skills in car production, while technology companies generate the added value and therefore 

collecting the most significant benefits.  

By partnering with tech companies, automakers gain a better understanding of the critical 

technologies that are transforming the industry and accelerate the learning process that can 

make them competitive in a rapidly changing environment. Research shows that historically 

incumbents can survive technological discontinuity if they cooperate with new players by 

challenging their fundamental knowledge.  

On the other hand, as it has been noted in the research, even the companies new players of 

the industry, despite having the technological know-how, do not yet feel completely ready to 

launch their own cars on the market and rely on traditional automakers to be able to test their 
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systems on their vehicles. Consequently, complementing the strengths and knowledge, both 

automakers and new players can gain from mutual collaboration.  

Who will win in this competition is still a difficult question to answer. Current manufacturers 

will always be strong in future automotive manufacturing and distribution, but not as strong 

as before. The industry is becoming digital, and the approach of the car companies to the new 

reality will determine their success in the future.  

As it is possible to notice from the research, many companies in the technology sector want 

to grab a slice of the value chain of the automotive industry, and those who have been met in 

this thesis are only a small part. So, surely the advent of new players in the market is expected, 

which will try to give their contribution to the industry with their knowledge. Already now, 

mobility providers such as Uber, tech giants such as Apple and Google and speciality OEMs 

such as Tesla are contributing to increase the complexity of the competitive strengths of the 

industry. 

What is certain is that the trends listed above declare the end of the era of traditional 

manufacturers, and the car of the future will be something completely different from the 

traditional internal combustion engine vehicle most commonly seen on the roads today. This, 

forces car manufacturers to rethink the original architecture of the product in which new 

components such as software, excellent computing power, and advanced sensors must be 

inserted, which allow the most modern innovations, from efficiency to connectivity to 

autonomous driving to electrification and new mobility solutions. The car is gradually 

becoming more like a smartphone than a "Model T," and this phrase makes us understand the 

extent of the transformation is taking place. 

Although a series of significant changes are underway, which will probably revolutionize the 

entire automotive industry in the long term, it is still not possible to identify whether what we 

are experiencing today represents a real disruption for the sector. In fact, in all these years, 

the automakers (OEM) companies, despite a few new arrivals, have remained almost 

unchanged (Bergek et al., 2013). The automotive sector, as it has been possible to ascertain, 

is a very complex sector in which a series of competencies is required which is not so simple 

and obvious to acquire. The management of the production and assembly of cars at very high 

production volumes, the control of an increasingly dense and articulated network of suppliers, 

the compliance with increasingly stringent regulations in terms of safety and environmental 
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sustainability, and the maintenance of a constant and ever higher level of product and service 

quality, are an example.  

It is therefore not obvious that small companies or companies that have no experience in this 

field can successfully compete against companies that have been working in this industry for 

decades. So, although there is, as shown by the research, a real interest from many companies 

belonging to industries different from the automotive one, to orient their business also 

towards this market, it is absolutely not evident that these firms can represent a real threat 

for OEMs (or at least not an imminent threat). The fact that these new players, developing 

technologies of the 4IR, are very competitive in terms of innovation, is not enough to make 

them survive in such a complex industry. A series of competencies, skills and knowledge are 

essential, which new players without any experience in this field can not easily and within a 

short time, acquire.  
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Appendix A. Corporate Groups by number of Patent Families 

Ranking Corporate name 
Total number of patent 
families 

Number of Corporate 
group’s assignees 

1 FORD 1286 5 

2 GM 1065 8 

3 ALPHABET 1052 10 

4 TOYOTA 1023 28 

5 LG 872 12 

6 HYUNDAI 867 19 

7 QUALCOMM 860 4 

8 VOLKSWAGEN 811 14 

9 DENSO 737 7 

10 SAMSUNG  731 22 

11 IBM 722 1 

12 TOMTOM 667 30 

13 ROBERT BOSCH 648 12 

14 HERE 630 7 

15 PIONEER 630 5 

16 PANASONIC 602 14 

17 HONDA 592 8 

18 NOKIA 564 15 

19 MITSUBISHI 544 16 

20 SIEMENS 527 27 

21 GENERAL ELECTRIC 498 18 

22 BOEING 485 3 

23 CONTINENTAL 475 20 

24 MICROSOFT 460 2 

25 SONY 380 9 

26 HITACHI 359 20 

27 TRIMBLE  349 5 

28 AISIN SEIKI 327 8 

29 AMAZON 319 1 

30 DJI 303 4 

31 RENAULT 291 6 

32 APPLE 289 2 

33 ETRI (KOREA ELECTRONIC) 288 3 

34 INTEL 272 9 

35 UBER 251 3 

36 SUMITOMO GROUP 230 16 

37 VERIZON 229 8 

38 PHILIPS 218 8 

39 HONEYWELL 215 11 

40 COMTECH 194 17 

41 CATERPILLAR 192 6 

42 AT&T 184 9 

43 CLARION 184 1 

44 BAIDU 183 6 

45 CSR 182 4 

46 SK 176 9 

47 AIRBUS 170 7 

48 BLACKBERRY 169 1 
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49 DEERE & COMPANY 169 3 

50 GEELY 164 9 

51 BMW 163 3 

52 BROADCOM 163 2 

53 DEI HOLDINGS 162 10 

54 RAYTHEON 152 6 

55 DAIMLER 151 8 

56 XIAOMI 151 5 

57 TELENAV 150 2 

58 VALEO 146 18 

59 VODAFONE 144 9 

60 FUJITSU 141 10 

61 WALMART 139 2 

62 TOSHIBA 136 13 

63 ALPS ELECTRIC 134 8 

64 ERICSSON 133 2 

65 THALES 133 10 

66 TATA  129 7 

67 PSA GROUP 128 4 

68 GARMIN 123 4 

69 MOTOROLA 121 1 

70 LENOVO 118 7 

71 DEUTSCHE TELEKOM 116 9 

72 STATE FARM INSURANCE 115 3 

73 THINKWARE 113 2 

74 TENCENT 112 5 

75 KOMATSU 110 4 

76 SEIKO EPSON 105 1 

77 ALLSTATE 97 2 

78 CONDUENT 96 3 

79 OMRON 93 5 

80 HUAWEI 83 5 

81 HUF HUELSBECK & FUERST 82 4 

82 NXP 82 2 

83 IROBOT 80 2 

84 KNORR-BREMSE GROUP 80 6 

85 PARROT 80 5 

86 MAGNA INTERNATIONAL 79 6 

87 HP 78 3 

88 MITAC 78 5 

89 INTELLECTUAL VENTURES 75 1 

90 LOCKHEED MARTIN 75 2 

91 WABTEC 75 5 

92 FURUNO 74 3 

93 KT (KOREA TELECOM) 74 5 

94 WITRICITY 74 1 

95 ACACIA RESEARCH 71 1 

96 HARRIS 71 3 

97 COMMSCOPE 68 5 

98 ALTER DOMUS GROUP 66 2 

99 CUBIC 65 3 

100 GENERALE DES ETABLISSEMENTS 65 5 

101 VISTEON 63 3 
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102 ZANAVY INFORMATICS 63 1 

103 RICOH 61 1 

104 SAFRAN 61 7 

105 TEXTRON 60 4 

106 CISCO 58 2 

107 DLR 58 2 

108 ZF FRIEDRICHSHAFEN 58 5 

109 FLIR 56 7 

110 KYOCERA 56 3 

111 LS GROUP 56 7 

112 JVC KENWOOD 55 2 

113 ATX NETWORKS 54 6 

114 KRRI (KOREA RAILROAD RESEARCH INSTITUTE) 54 1 

115 SHARP 54 3 

116 DIDI 53 4 

117 LEAR 53 2 

118 MICRO SOFT TECHNIQUE LICENSE 52 1 

119 NORTHROP GRUMMAN 52 4 

120 XANAVI INFORMATICS 52 3 

121 CUMMINS 51 5 

122 HEXAGON 51 6 

123 WING AVIATION 51 1 

124 CASIO 50 2 

125 UNITED PARCEL SERVICE 50 2 

126 NTT DOCOMO 49 1 

127 BBK ELECTRONICS 48 4 

128 FOXCONN 48 4 

129 MAZDA 48 2 

130 NAVICO 48 3 

131 SAP 48 1 

132 THE SWATCH GROUP (OMEGA PATENTS) 48 1 

133 ZOOX 48 1 

134 ALSTOM 47 6 

135 MOTOROLA SOLUTIONS 47 1 

136 US NAVY 47 1 

137 ITT 46 4 

138 STATE GRID 46 8 

139 NIO 45 2 

140 OMNITRACS 45 1 

141 SPRINT 45 1 

142 LYTX 44 1 

143 FRAUNHOFER 43 2 

144 HUSQVARNA 43 2 

145 KAPSCH 43 1 

146 DELPHI TECHNOLOGIES 42 3 

147 JOHNSON CONTROLS 42 3 

148 NAVITIME JAPAN 42 1 

149 TEXAS INSTRUMENTS 41 1 

150 GENTEX 40 1 

151 MEDIATEK 40 2 

152 SNAP ON 40 1 
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153 CROWN EQUIPMENT 39 3 

154 ELECTRIC POWER TECHNOLOGY LIMITED 39 2 

155 
KAIST (KOREA ADVANCED INSTITUTE OF SCIENCE & 
TECHNOLOGY) 

39 1 

156 MARVELL 39 5 

157 ACCENTURE 38 4 

158 INRIX 38 3 

159 ZEBRA TECHNOLOGIES 38 3 

160 BAE SYSTEMS 36 6 

161 DONNELLY 36 2 

162 EATON 36 4 

163 ABB 35 5 

164 KICT (KOREA INSTITUTE OF CONSTRUCTION TECHNOLOGY) 35 1 

165 NIDEC 35 3 

166 TOKAI RIKA 35 1 

167 ETAK STSTEMS 34 1 

168 GLOBAL LOCATE 34 1 

169 INFINEON 34 1 

170 ITRI (INDUSTRIAL TECHNOLOGY RESEARCH INSTITUTE) 34 1 

171 KETI (KOREA ELECTRONICS TECHNOLOGY INSTITUTE) 34 1 

172 NEXPA 34 1 

173 TDK 34 4 

174 YAMAHA 34 3 

175 ZTE 34 1 

176 EMPIRE TECHNOLOGY DEVELOPMENT 33 3 

177 LYFT 33 1 

178 MIT (MASSACHUSETTS INSTITUTE OF TECHNOLOGY) 33 1 

179 MANDO 32 1 

180 NIKE 32 3 

181 TSINGHUA UNIVERSITY 32 1 

182 USAA 32 1 

183 YANMAR 32 1 

184 FACEBOOK 31 2 

185 GOPRO 31 1 

186 PROVENANCE ASSET 31 1 

187 SPX 31 1 

188 WAI ON LIABILITY 31 1 

189 ALCATEL 30 1 

190 SOUTHEAST UNIVERSITY NANJING 30 1 

191 AUTOMOTIVE TECHNOLOGIES INTERNATIONAL 29 2 

192 LUCENT TECHNOLOGIES 28 3 

193 SIGNIFY 28 3 

194 SUNGKYUNKWAN UNIVERSITY 28 1 

195 TRUEPOSITION 28 1 

196 UNIVERSITY OF CALIFORNIA 28 1 

197 XEROX 28 1 

198 FCA 27 3 

199 SIN ETKE TECHNOLOGY 27 1 

200 SIRIUS XM CONNECTED VEHICLE 27 1 

201 TUSIMPLE 27 1 

202 APTIV 26 3 

203 CNES 25 1 

204 GOODYEAR TIRE & RUBBER 25 1 
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205 INHA INDUSTRY PARTNERSHIP INSTITUTE 25 1 

206 INNOVA ELECTRONICS 25 2 

207 ZKW 25 1 

208 BEIHANG UNIVERSITY 24 1 

209 FARO 24 2 

210 FLOWBIRD S.A.S. 24 2 

211 FORTRESS 24 2 

212 FUJI XEROX 24 1 

213 
KAU (INDUSTRY UNIVERSITY COOPERATION FOUNDATION 
HANKUK AVIATION UNIVERSITY) 

24 1 

214 SUBARU (FUJI HEAVY INDUSTRIES) 24 1 

215 U BLOX 24 1 

216 BRAIN 23 1 

217 EBAY 23 1 

218 KYUNGPOOK NATIONAL UNIVERSITY 23 1 

219 ORANGE (FRANCE TELECOM) 23 1 

220 TESLA 23 2 

221 3M 22 2 

222 AMANO 22 1 

223 BOE GLOBAL 22 2 

224 BOOM MOVEMENT 22 1 

225 DEUTSCHE POST 22 1 

226 HUMATICS 22 1 

227 KOREAN AGENCY FOR DEFENSE DEVELOPMENT 22 1 

228 SMARTDRIVE SYSTEMS 22 1 

229 SOFTBANK (YAHOO JAPAN) 22 1 

230 WIPRO 22 1 

231 ZHEJIANG UNIVERSITY 22 1 

232 AERONVIRONMENT 21 2 

233 ANNWA HIGH TECHNOLOGY 21 1 

234 BEIJING UNIVERSITY OF TECHNOLOGY 21 1 

235 CANON 21 2 

236 HTC 21 1 

237 JCDECAUX GROUP 21 2 

238 KOOKMIN UNIVERSITY 21 1 

239 RAKUTEN 21 1 

240 DE'LONGHI (KENWOOD) 20 1 

241 GODO KAISHA IP BRIDGE 1 20 1 

242 
INDUSTRY ACADEMIC COOPERATION FOUNDATION 
HANYANG UNIVERSITY 

20 1 

243 INTELLIGENT TECHNOLOGIES INTERNATIONAL 20 1 

244 JPMORGAN CHASE BANK 20 1 

245 KOREA UNIVERSITY 20 1 

246 KUBOTA 20 1 

247 MAPSTED 20 1 

248 NEXTNAV 20 1 

249 TONGTENG GLOBAL INFORMATION 20 1 

250 VIPER HOLDINGS 20 1 

251 ALLEGION (SCHLAGE) 19 1 

252 ARES CAPITAL 19 1 

253 CHONGQING UNIVERSITY 19 1 

254 HRL LABORATORIES 19 1 

255 MEITUAN-DIAMPING 19 1 

256 SEOUL NATIONAL UNIVERSITY R&D FOUNDATION SNU 19 1 
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257 TELECOM ITALIA 19 1 

258 VEONEER 19 1 

259 BLI GROUP (BLUE LEAF IP) 18 1 

260 CHARGEPOINT 18 1 

261 EADS (ASTRIUM) 18 1 

262 GEOTAB 18 1 
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