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INTRODUCTION


 


 


 


Most of the things, with which we deal every day, has historically represented a radical innovation compared to the historical period in which the invention took place, as it is representative of a novelty and a form of well-being for the user. The inventive process derives, in turn, from an interaction in research and development between different scientists from different places and with knowledge, skills and know-how related to sometimes distant sectors and fields. Throughout the history of the human being, the complexity of these interactions has increased, and consequently the technological complexity of the inventions created, as well as the frequency of invention and the speed of adoption. Over time, an asset originally representative of an innovation reaches, due to the continuous progress of science, technological discoveries and society, a natural state of obsolescence if it is not improved with so-called incremental innovations. The concept described so far represents the mission of most of the industries, or productive sectors, of our society for a hundred years now, since the emergence of the first theories on progress and economic growth. One of the most representative industries in these terms is the automotive one, currently considered one of the most long-lived, resilient, and innovative industries. In over a century of history, it has been able to revolutionize the way of doing business, the way of organizing the production process and, with the car, the way of conceiving the journey of the individual. The automotive industry stands out for having used interactions with other industries since its inception, including the semiconductor industry, so much so that it is recognized and defined by experts with the term "integrated ecosystem". Since the second half of the 20th century, the way different industries interact has evolved from the simple adoption of knowledge and components to cooperation in research and development. The latter, given the convenience and the need to absorb sources of external knowledge, takes place with a process called outbound open innovation, encouraged on a large scale by globalization, which makes use of collaboration strategies such as licenses, strategic alliances, and joint ventures. When the shared research and development activity produces inventions capable of increasing the operational and economic performance of both the actors involved, and of the related industries, we can speak of interdependence, which represents the founding concept of this book. Indeed, the objective is to verify the possible existence of a relationship of interdependence, and if so to quantify its intensity, between the aforementioned automotive industry and maybe the most innovative and revolutionary industry nowadays: the ICT industry. Developed in the second half of the 20th century, as an integration between the most ancient communication infrastructures and recent innovations in the IT field, the ICT industry has as its peculiarity the flexible and homogeneous applicability of its inventions in any process or product of companies operating in various sectors. Specifically, the contamination of the automotive industry with the ICT industry takes place with the adoption and production of inventions based on so-called general-purpose technologies such as the Internet, Artificial Intelligence and Blockchain technology, which nowadays contribute to the efficiency of car performance. This contribution increases over the decades, becoming today fundamental both on the internal combustion engine vehicle (ICEV), and on the battery electric vehicle (BEV). Although the two types of vehicles were born in the same historical period, some functional limitations of the electric car have favored the adoption of the combustion car as the standard for nearly a century. In recent years, thanks to the technological readiness given by the contribution of ICT, we have witnessed the re-emergence of the production and adoption of battery electric vehicles, the latter also recently favored by greater ecological sensitivity on the part of institutional actors. The reference goes to the "fit for 55%", a package of measures from the European Commission with the aim of reducing the greenhouse gas emissions by 55% compared to 1990 by 2050, which in terms of mobility includes the proposal, approved in 2022, of reducing CO2 emissions by 100% for new cars by 2035. In this regard, an industrial reconversion of this type can take place, at least at a purely technical level, only thanks to the potential possessed by the ICT industry. What has just been reported is the premise of the analysis object of this publication, aimed at observing the relationship between the automotive industry and the ICT industry on the basis of interdependence, the latter considered necessary in the innovation processes, and therefore fundamental for the well-being and progress of our society. The founding thought supports that the future of the automotive industry, directed towards the achievement of sustainable environmental objectives, cannot ignore the open innovation based on complementarity with the technical know-how possessed by ICT, which assumes the role as a catalyst of the inventive activity. Concretely, the book provides in the first two chapters a detailed historical and technical overview of the two industries, and how they are actually related, distinguishing both the combustion and electric car supply chains. The third chapter, using patents as a measure of innovative activity, conducts an analysis focused on the first twelve countries of the European Union by nominal GDP, and over a time range of almost forty years. In detail, we make use of statistical analyzes, such as the representation of dispersion, the calculation of correlation and linear regression model, to observe and measure the past and present relationship between patents relating to the automotive industry and those relating to the ICT industry. Finally, the fourth chapter concludes the work providing implications and proposing how to advance our findings.





 


CHAPTER 1.  THE AUTOMOTIVE INDUSTRY


 


 


 


1.1 The state of the art


 


Today's civilization, especially that of developed economies, is subject to sudden changes and disruptive innovations accentuated by information technology, which acts as a booster in speeding up the invention, adoption and diffusion of new products. This dynamic process can determine the birth of new markets and sectors, and consequently a continuous evolution of uses, customs, habits, and trends that can make many products obsolete within a few years or even months. This phenomenon is described by the economist Porter as a "threat of substitute products” and represents one of the five competitive forces that determine a business strategy, together with the bargaining power of suppliers, the bargaining power of consumers, the threat of new competitors and rivalry between existing competitors (Porter, 2008). According to Porter's model, what determines the obsolescence of a product is the quantity of replacement, the customer's propensity to buy, and the price-performance ratio (Porter, 2008). The situation described above does not concern the automotive industry, which includes the entire motor vehicle supply chain: from design, to development, to marketing and sales. On the contrary, it appears to be one of the longest-lived, stable, and profitable industries globally, despite the fact that the mobility sector today offers the consumer various transport alternatives, on and off the road. The confirmation of what has just been told lies in the fact that the value of production of the automotive industry stands at 2.95 trillion dollars in 2022 (Carlier, 2022). The pocket guide on the automotive industry, published in 2022 by the European Automobile Manufacturers' Association (ACEA), shows that 79 million cars were produced in the world in 2021, 16 of which in Europe (ACEA, 2022). The old continent, after years of productive domination, since 2016 has surrendered to the market power of the People’s Republic of China regarding the production of cars: the latter now holds 32% of production, while Europe follows with 21% (ACEA, 2022).


Today the car is the means of transport par excellence, which has become fundamental in the life of all human beings. Given its notoriety and diffusion, it can be defined as a good suitable for all needs and all budgets, not only for Western society, but also for those less developed countries with less purchasing power, because of a widely developed second-hand market. An analysis published by Eurostat in 2021, referring to mobility data for 2018, concluded that the car is the most used means of passenger transport, due to its performance combined with intrinsic peculiarities of freedom, convenience and accessibility (Eurostat, 2021). Suffice it to say that of all today journeys, more than 70 percent are made by car (McKinsey, 2021), and only in Europe are currently registered 560 passenger cars per thousand inhabitants, or one car every two people (ACEA, 2022). However, the automotive industry has been one of the most affected and devastated by the Covid-19 pandemic, which has negatively impacted production and sales. Focusing the vision on the European industry, as it is the subject of book, it is deduced that only in the months of the infection peaks (March-May 2020) the production has dropped of almost two and an half millions of motor vehicles (ACEA, 2020): this, both for the closures of production plants due to the virus containment measures, both the lack and/or delays in shipping raw materials from abroad. As a result, sales decreased, partly due to lower purchasing power of consumers, which in turn inflated the second-hand market. Despite the effects, in some ways inevitable given the unpredictability of the pandemic, the automotive industry continues to play a crucial role for the European Community: today it represents a source of employment for more than 12 million workers (about 6% of total employment) and its turnover represents 8% of the GDP of the European Union (ACEA, 2022).


 


1.2 The automobile boom in the twentieth century


 


1.2.1 Introduction


 


The automobile is one of the symbolic inventions of the second industrial revolution, located between the end of the nineteenth century and the beginning of the twentieth century. Over the decades, the appeal due to the spread and possession of the vehicle made the car an emblem of social welfare, a distinctive feature of living standards, and, in some cases, a symbol of excess and egocentrism of the individual. This discourse can be contextualized throughout the entire historical cycle of the car: from the decades of development prior to the American crisis of the 29th, to the Italian economic boom of the 60s, up to today’s western world, made more of appearance than of substance. Beyond the social aspects, more than a century after its invention, the car is still the means of transport par excellence. From an economic point of view, the automotive industry represents the embodiment of the production paradigm typical of the early twentieth century: the mass production, defined by the Cambridge Dictionary as "the process of producing many cheap goods using machines in a factory" (Cambridge Dictionary, n.d.). In other words, the goal is to produce large quantities of standardized product, minimizing production costs. To contextualize the birth and development of this theory of production, it is necessary to refer to the American style ideology that underlies it: the capitalism, an economic system based on privatization that aims at profit. The mass production was made possible thanks to the mechanization of the operations and to an efficient organization of the job. It allowed to increase exponentially the productivity of the manufacturing companies, that is "the rate at which a company or country produces the goods, usually judged in relation to the number of people and the amount of materials needed to produce the goods" (Cambridge Dictionary, n.d.).  The practical process aimed at the reaching of the mass production is known in the academic world as Taylorism. The Engineer Taylor, from whom the management theory is named, in his monograph entitled "The scientific organization of work" published in 1911, introduces for the first-time concepts such as engineering analysis, standardization, management and interrelation of personnel. (Uddin & Hossain, 2015). Although with many structural changes, some of the core principles of Taylorism are still applied today. However, even before analysing the evolution of the automotive industry during the twentieth century, it is appropriate to deepen the origins and peculiarities of the core product of the work, the passenger car. It is called passenger car "a road vehicle with a motor, four wheels and seats for a small number of people" (Cambridge Dictionary, n.d.). The market today offers to the consumer two categories of passenger cars, which differ in the engine they support: the first is the category of cars with internal combustion engine, which includes the gasoline engine, diesel and LPG (liquefied petroleum gas). These differ in the fuel they use (and hence their name), but the principle of operation is the same: the transformation of thermal energy into mechanical energy thanks to the combustion process. The other category is that of electric motor cars, which does not involve the combustion process. Leaving aside the category of automobile that exploit both the systems, the hybrid, the book aims to highlight the two categories just mentioned, relying on aspects related to technological innovation and environmental sustainability. For this reason, it is appropriate to provide the reader with some theoretical and technical notions (in the next two paragraphs) about the birth and functioning mechanisms of the two engines that in this historical period the consumer has at his disposal.


 


 


1.2.2 History and characteristics of the internal combustion engine


 


The internal combustion engine (ICE) involves the conversion of thermal energy into mechanical energy. Thermal energy is generated by combustion, a chemical oxidation reaction between a fuel, that is the oxidized substance, and an oxidizer (Treccani, n.d). In the field of cars the fuel can be gasoline, diesel, or LPG (liquefied petroleum gas), depending on the type of engine; the oxidizer is instead the oxygen in the air. Except for some technical differences, they share the same structure and components. The main part of the engine is called cylinder, the amount of which determines the power and efficiency of the car itself. The main role is played by the dynamism of the piston, which moves up and down inside the cylinder between two points: the top centre (TC) and the bottom centre (BC). Each movement constitutes an operational phase of the internal combustion engine. For passenger cars this movement occurs four times (up, down, up, down), so there are four phases that follow each other: hence the name "four-stroke engine" (Vieira da Rosa & Ordóñez, 2022). This refers to suction, compression, expansion and discharge respectively. With the intake phase, the first movement of the piston takes place from the top centre to the bottom centre, which facilitates the entry of fuel and air into the cylinder. During the compression phase the piston returns to the top centre by increasing the pressure inside the cylinder: here the combustion reaction begins. Then the expansion phase takes place, in which the piston descends towards the bottom centre by opening the exhaust valve, and finally the discharge phase, through which the combustion products escape from the cylinder (Vieira da Rosa & Ordóñez, 2022). Any type of invention is officially attributed and historically placed considering the patent filing: it is a license that confers the right or the title for a certain period, specifically the right to exclude others from producing, use or sell an invention (Oxford, n.d.). The first patent on the internal combustion engine is of Italian origin and the credit goes to the engineers Barsanti and Matteucci. They obtained the certificate from the London Patent Office in 1854, although some prototypes were tested decades earlier. However, the version of Barsanti and Matteucci was used to operate machine tools: it was only thanks to the German engineer Nikolaus Otto that in 1876 the one most similar in characteristics to today’s internal combustion engine used in cars was invented: the four-stroke engine (Forrester, 2020).


 


 


1.2.3 History and characteristics of the electric motor


 


 


Unlike the internal combustion engine, in the electric motor the mechanical energy used to start the vehicle is the result of the conversion from electric energy. Therefore, it is not expected the extraction of fossil fuels and consequently no emissions are released into the atmosphere. Also in terms of components, an electric motor is less structured: the two fundamental parts are the stator (the static part), and the rotor (the rotating part).  Specifically, the stator consists of copper filaments that, when crossed by the electric current (contained in the battery), generate a magnetic field, which in turn puts the rotor in motion. This process is necessary for moving the vehicle. According to the connecting mechanism of these two parts it is possible to distinguish between synchronous and asynchronous motor, which differ in the fact that in the first one the stator and the rotor rotate at the same speed (Doppelbauer, 2018). As with the internal combustion engine, the automotive industry has so far developed five types of electric motor. The available categories on the manufacturers market today are: the Direct Current (D.C) Drive, the Alternating Current (A.C) Drive, the Permanent Magnet (P.M) Brushless A.C Motor Drive, the Permanent Magnet (P.M) Brushless D.C Motor Drive, the Switched Reluctance Motor Drive (Luthra, 2017). These differ, in addition to technical aspects, for energy efficiency, reliability, production and maintenance costs. For example, for energy efficiency the best results come from the Permanent Magnet (P.M) Brushless Motor Drive; while in terms of reliability the best is the Switched Reluctance Motor Drive (Luthra, 2017). The propulsion principle of an electric vehicle involves the use of two additional components to the electric motor: the controller and the battery pack. Specifically, the controller is a device that can control the flow of electrical energy that is transmitted to the motor by the battery. The latter is a device that accumulates electricity as a result of a chemical process called redox and represents movement source of the vehicle (Mahmoudzadeh Andwari et al., 2017). Therefore, the electric car is without tank and gear shift, two fundamental parts of the car with internal combustion engine. The market offers different types of battery as possible applications in the electric car: the lead-acid battery, the metal nickel hydride battery (Ni-MH), the sodium chloride and nickel battery (Na/nicl2), and the lithium-ion battery (Li-Ion) (Mahmoudzadeh Andwari et al., 2017). The lead acid battery and the nickel metal hydride battery are the least efficient because, despite low production costs, they have a short life cycle, are only suitable for low performance and have little potential for improvement. The sodium chloride and nickel battery are very safe and low cost with a long-life cycle, but nevertheless have a low power: for this reason, it is not considered sufficient for an application on cars. What turns out to be the best for technical characteristics and performance is the lithium-ion battery, because of its high energy density due to the electrochemical potential of lithium. It is, in fact, today the most widely used both in high tech and in the production of electric cars (Mahmoudzadeh Andwari et al., 2017). From an historical point of view, the first patent related to an electric motor dates back to 1837: the credit goes to the American inventor Thomas Davenport. He gets the patent for the first DC electric motor, despite there are traces of inventions and practical applications by German engineers some years earlier. In the following years, application solutions are created and tested on propulsion boats (1839) and locomotives, which until then used the steam engine (1840) (Michalowicz, 1948). What the automotive industry applies most today is the synchronous engine: first prototype was developed in 1887 by German engineer Friedrich August Haselwander (Doppelbauer, 2018). 
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