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INTRODUCTION 

 
The automotive sector is one of the most developing sectors of the entire market. The 

high level of competition, the continuous evolution of materials and the ever-higher 

standards imposed by governments mean that the sector is always evolving. 

Since the first car was born in the 19th century, based on prototypes that were still 

earlier, the evolution of the industry has not stopped. Constant research, aimed at 

building increasingly comfortable, faster and more autonomous vehicles, has led to the 

production of cars with surprising characteristics. 

Today, manufacturers' attention is mainly focused on finding a cost-effective and 

performance-efficient propulsion system, all while respecting the emission and fuel 

consumption parameters imposed by the various governments.  

Environmental pollution problems are among the main drivers of progress. Major 

OEMs are shifting production from internal combustion engine cars to electrical or 

hybrid products. 

Contrary to popular belief, electric vehicles appeared on the market well ahead of their 

petrol engine relatives, but oil-related scientific discoveries and engine technology 

developments meant that they disappeared from the market until the beginning of the 

21st century. 

It is precisely from this, which was a discovery for me, that the interest in developing 

this thesis was born. It is interesting how a technology that is growing today was 

already present and “developed” in the past, and, if so, why has the direction changed? 

Why did the car manufacturers stop production? 

 

The first chapter of the thesis defines the barriers to innovation that actors in a sector 

must face when they want to introduce a new product to the market. In the section I 

also present the effects on the sector's architecture of the introduction of a new 

product, or of a feature of an existing one. An analysis is made from both a historical 

and a current point of view. 

The second chapter, after a historical excursus on the second industrial revolution, 

focuses on the case of Enrico Zeno Bernardi, professor and inventor from Verona who 
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has undoubtedly had an important influence in the automotive sector. Bernardi in fact 

built and patented the first vehicle with internal combustion engine preceding those 

who are attributed the invention of the car, Benz and Daimler. 

The inventions of the Italian professor, together with those of his foreign colleagues, 

have led to the need to update both the automotive industry and the entire industrial 

system, causing a change in the architecture of the sector. 

In the third chapter, after a brief introduction to what are the current characteristics of 

the market and the factors that push OEMs to innovate, the birth and evolution of the 

electric motor is described. This is a type of propulsion that is now characterizing the 

automotive sector, both because of relatively new entrants such as Tesla Motors, Inc. 

and because of the adaptation of the architecture to the new technologies of 

companies that have been operating in the sector for many years and are also 

protagonists. The chapter also presents a brief description of the evolution in the public 

transport sector. The following section is devoted to the analysis of the factors that 

push companies to invest in the electrical branch, examining which areas are 

interested in the development and the obstacles related to the production of batteries. 

The shift to electric propulsion brings with it benefits in terms of vehicles’ exhaust 

emissions reducing pollution, but the manufacturing of batteries also has considerable 

environmental effects in terms of sustainability. 

The final part of the chapter relates to what I personally believe to be the future of 

transport. The hydrogen propulsion technology is not yet mature and faces several 

problems of production, storage and distribution, but once these will be overcome, 

hydrogen vehicles will be able to be the alternative to cars with internal combustion 

engines. However, it will take a decade or more for it to spread at least as widely as 

electric cars do today, despite the fact that several car manufacturers will be marketing 

their models as early as 2020. 

The last chapter of the thesis is dedicated to the analysis of current market trends. The 

interest of today's average consumer is no longer focused on the power of the vehicle, 

or at least not only on this, but rather on the connectivity of their car. At a time when 

the smartphone has become an extension of our arm, today's car manufactures are 

trying to make their products an "extension" of the smartphone. Automotive being not 

only connected but also shared, the interest in owning a car is declining and the interest 
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in its functional use is growing and it is interesting analyze how OEMs are facing this 

attitude. Autonomous driving is the last of the trends that is presented; functionality 

already present in some car models is perhaps the aspect that brings us closer to the 

idea of the car of the future through which the user can take advantage of the 

advantages of a private and independent transport and at the same time perform work 

or personal activities. 
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CHAPTER 1: The sector and the social context: Social barriers 
hamper innovation 

Innovation is necessarily linked to human knowledge. Scientific discoveries, as well as 

technological inventions, have shaped today's society and will continue to do so for the 

future.  

New technologies have given rise to social conflicts, have generated obvious economic 

disparities, have changed the family structure, conditions and quality of life, and have 

redesigned the social system. 

Like everything else, knowledge also has to face a selective process that leads to 

accepting only those parts of it considered useful and profitable. There are two types 

of knowledge: propositional and prescriptive1. The first considers two aspects: one is 

the activity consisting of observation, classification and cataloguing of natural 

phenomena; the other, concerns the definition of the principles and natural laws that 

govern natural phenomena previously catalogued. The result of the selection remains 

in any case subject to changes and modifications: this is due to the continuous 

progress and enlargement of the knowledge. 

Prescriptive knowledge, on the other hand, is closely linked to technology. It's the 

technology that leads to a choice. In this case, it is not the type of knowledge that 

appears to have a dual nature, but the choice itself, that must take into account both 

the specific type of technique to be used efficiently and the most appropriate technique 

for the market. 

The decision-making processes that people and companies have to face are not easy, 

especially because the entire production process very often has to be changed, for 

example when an innovation is "radical". The choice, which for each competitive 

environment can only be one, inevitably leads to two results: the maximization of 

efficiency and consequently the increase in profits, or the exact opposite. 

Innovation becomes a problem when technological change involves an entire system 

and a society. What needs to be assessed today is not simply the feasibility of one 

 
1 Part of the chapter is based on: Mokyr J., The Gifts of Athena: Historical Origins of the 
Knowledge Economy, Princeton, NJ., Princeton University Press, 2005, pp. 218-300.  
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thing but the impact it generates through change, both on the whole sector and society. 

In addition to the effects on the production system, the introduction of innovation, 

whether process or product, also has economic and geopolitical effects.  

 

The radical changes in an architecture, linked to the introduction of an innovation, are 

a stimulus for great economic growth. Each era is characterized by a different 

technological system that characterizes and influences the economy, governmental 

and social policies and, inevitably, the progress of the same is closely linked to these 

factors. Carlotta Perez and Christopher Freeman define the "technical-economic 

paradigm" as "the set of technological, organizational and institutional factors that 

constitute the growth model of a period"2. This paradigm constitutes what can be 

interpreted as the set of barriers to innovation. Changes and progress are, however, 

inevitable, as well as the establishment of a new technical-institutional framework 

capable of taking over when a paradigm becomes hostile. The concept of a technical-

economic paradigm makes it clear that the introduction of an innovation has an effect 

on the entire architecture of a sector; in fact, it affects the organizational, institutional 

and technical forms, requiring and producing a simultaneous evolution of the entire 

value chain. The invention of the internal combustion engine, for example, has led to 

industrial development on a global scale, with effects on all economic sectors, rom 

mass motorization to use in various industries, speeding up production processes. 

 

A fundamental role is played by political legislation, which has the power to slow down 

or speed up economic growth through policies that are favorable or unfavorable to 

economic expansion. It is therefore essential that politics, technology, economics, 

science and culture evolve at the same pace and in a coordinated manner so that the 

conditions for economic development are created. 

 

Anyway, not all the actors in a sector are interested in change and innovation; in fact, 

many of them prefer their current situation, feeling scared from the risks and threats 

 
2 Gregersen, Birgitte; Johnson, Björn. How do innovations affect economic growth?: some 
different approaches in economics. IKE-Group, Department of Business Studies, Aalborg 
University, 1997. 
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represented by novelties; this causes the slowdowns of the innovation process, 

compared to what the human creative potential would be. The situation today is very 

different from historical standards. We are living in a reality where innovation is the 

order of the day, constantly looking for an improvement in the condition in which we 

find ourselves.  

However, a factor that is more than unfavorable to the race for improvement is that not 

all countries are able to support it. Technology transfer requires large amounts of 

money and human specialization, but what is holding back expansion are more the 

social and political barriers of the various countries. 

Today, however, efforts are being made to change these policies and to support open 

innovation. 

Moreover, the current situation characterized by the use of digital technologies allows 

the reproduction and sharing of processes and products between different countries 

and, at the same time, allows production costs to be reduced as much as possible. 

Thanks to open innovation, different companies can implement a process of co-

innovation in the different phases of production. Since it is often very expensive, to 

support the construction of the network of relations between companies, it becomes 

necessary the intervention of the State, as demonstrated by the OECD analysis on 

expenditure for R&D3. 

 
3 Pierone, D. (2019). Politiche e strategie per l’innovazione – L’irragionevole. [online] Lirragionevole.it. 
Available at: http://www.lirragionevole.it/economia-lavoro/politiche-e-strategie-per-linnovazione/ 
[Accessed 2 Oct. 2019]. 
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Figure 1: Expenditure on research and development by States and enterprises. 

 
Source: Pierone, D. (2019). Politiche e strategie per l’innovazione – L’irragionevole. [online] Lirragionevole.it. 

Available at: http://www.lirragionevole.it/economia-lavoro/politiche-e-strategie-per-linnovazione/ 
 

From the analysis it is clear that the state and companies are in perfect cooperation, 

the first acts as a financier, the second is dedicated to the application and experimental 

development.  

Government policy is clearly geared towards stimulating entrepreneurship and the 

consequent increase in the number of jobs created by the creation of new businesses. 

A clear example of the application of this government policy comes from the United 

Kingdom where there is the intention to create a network of collaborations between 

universities in order to increase economic competitiveness at the global level. In 2016 

the government created the Connecting Capability Fund (CCF) to support the project. 

Barriers to innovation should not be seen in a negative light. If, in fact, any simple and 

crazy idea was tested and developed, the costs would probably become unbearable. 

A minimum of resistance is therefore necessary, if not essential, to select what is really 

useful for progress. An invention, to be successful, must be such that the current 

situation and tools (e.g. a technique, a machine, a system) are past and obsolete, after 

the introduction of the novelty. 
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Although successful innovations often have a large-scale impact, most of them come 

from private entrepreneurs who have the freedom to decide how and what to produce, 

according to their needs and requirements. 

An example, which will be examined in greater depth in the next chapter, is that of the 

Italian inventor Enrico Bernardi. He built and patented, towards the end of the 19th 

century and anticipating the inventors Benz and Daimler, a prototype of an internal 

combustion engine that he subsequently applied to a three-wheeled vehicle, creating 

the first car with an Italian internal combustion engine. 

 

However, the barriers facing a new technology are not only social: often technological 

barriers present themselves as limits to the same environment in which innovation 

should operate. The novelty may not fit perfectly the system it should be part of, or the 

function it should perform instead of the existing technology; in this case, it is exactly 

the novelty itself that is unsuitable with respect to the environment and the system, 

which may not be "ready" to receive it.  

In these years we are protagonists of a situation in which this problem is more evident 

than ever: the spread of the electric car. Vehicles with this type of propulsion are 

gaining more and more market shares, however, their expansion is greatly slowed by 

an environment not yet fully ready to accommodate this technology that needs support 

from the outside environment (e.g. public charging stations). 

 

It is inevitable that the acceptance and imposition of an innovation in a system already 

"tested" brings at the same time advantages and disadvantages to the actors of the 

sector; situations of mutual advantage between the new entrants and who is already 

in the market are, in fact, more than rare. Those who are at a disadvantage will do so 

in such a way as to sabotage the adoption of innovation, but it is the market that 

establishes the efficiency of a novelty, in terms of profits. 

 

As Mokyr says in his book “A Gift to Athena”, the process of adopting an innovation 

can be simplified with a binary choice (yes or no)4. Everyone makes his choices on the 

basis of personal characteristics that lead persons to make a decision. Mokyr 

 
4 Mokyr J., “The Gifts of Athena”, pp. 233 
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hypothesizes that there is a general rule of aggregation through which one is able to 

establish which are the processes that guide the choices of society. An aggregator is 

defined as a constraint unrelated to economic behavior, which describes how each 

group in the marketplace tries to bring advantage to itself. 

The introduction of a new technology implies that at the same time the whole market 

area that it involves must be implemented, so that it integrates perfectly into the sector. 

The fear of the unknown leads individuals to doubt a novelty and to emphasize the risk 

of failure at the same time. Since there are no data or other precedents that serve as 

a yardstick, their fear of failure is even more confirmed. 

A strong obstacle to innovation can also result from the so-called "correlation effect". 

This occurs when, especially in Eastern countries, a new product introduced reflects 

(or is the representation of) a different culture, e.g. Western, and that risks having 

unwanted effects. 

In a nutshell, technological progress can have a positive effect on the market, 

strengthening it, or a negative one, weakening it. There is no doubt that the introduction 

of an innovation involves everyone, and that those who believe themselves to be at a 

disadvantage because of it, are likely to concentrate and organize themselves to "fight" 

against the new; those who have an opposite vision, and therefore a positive one 

towards innovation, will instead be heterogeneous actors interested in economic 

growth. 

A confrontation that relies solely on market forces would, by definition, have an 

outcome that is undoubtedly favorable to technological progress; since, if a market 

force is left free to act, it is bound to lead to a balance between supply and demand. 

When, on the other hand, the fight is based on economic issues, conservatives are 

able to create effective barriers to innovation. 

 

Mokyr identifies in his work the main rational barriers to innovation5: 

 

- Unemployment: This concept is based on the fear of individuals that the 

introduction of innovation in the undifferentiated labor sector will lead inexorably 

to consequent unemployment and/or a reduction in wages. This fear is actually 

 
5 Mokyr J., “The Gifts of Athena”, pp. 254-259 
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unfounded because the technological update aimed at improving production 

efficiency does not alter but simply shifts the balance. An increase in production 

efficiency, thanks to the reduction in the number of employees, leads to a 

reduction in the prices of products, a consequent increase in income and an 

increase in the demand for other goods. Employees replaced by machines have 

the opportunity to be hired in other industries and there is a chance that their 

wages will increase.         

 

- Capital losses: in this case we speak of losses of fixed capital. Entrepreneurs 

are unlikely to be able to allocate a machine that has fallen into disuse, to a 

different use. Contrary to what one might think, however, the risk that these 

owners could constitute a barrier to innovation is very low. Of course, the initial 

loss due to the introduction of a new technology is inevitable, but the advantage 

of a subsequent more efficient production and at lower costs, and consequently 

higher profits than the previous situation, compensates for the loss of initial 

capital. Barriers to innovation almost disappear, rationally, except where the 

market is linked to existing products; in this case, resistance to progress is 

inevitable. 

 

- Non-pecuniary losses: the evolution of a sector, as described above, has 

effects on production efficiency. However, this means that new standards are 

set in terms of minimum production size and efficiency to overcome barriers to 

entry into a given market. The direct consequence of this is that small producers 

are overwhelmed by large companies that can economically and structurally 

support, and consequently benefit from, the innovation process. The 

introduction of innovation leads to structural changes and changes in the 

working conditions of employees who have to adapt to the new situation and, if 

the conditions are not favorable for them, their resistance will be 

unquestionable. Resistance is also due to the fact that workers are often forced 

to move from one area to another, causing the destruction of communities.  
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- Human capital: in this case the barrier is constituted by the "old" workers who 

perceive innovation as the greatest threat to their competence. The experience 

acquired over time, even though it is of great quantity, becomes obsolete when 

compared to the novelty. Learning skills are now not enough to cope with the 

new generations that have been born and raised in the new reality and are ready 

to take their place. The "old" are shielding themselves from their abilities and 

trying to fight against progress; a sort of war against the inevitable. 

 

- Other rents: the three "P's", are the obstacle to innovation that artisan 

corporations have established to counter progress. Regulated Prices, Product 

Manufacturing Procedures and Control over Participation, raising barriers to 

entry, have caused an effective slowdown in the short and long term cutting the 

advent of new ideas and novelties. 

 

What essentially constitutes a barrier to innovation is, on the one hand, the economic 

and political will that market conditions remain the same and, on the other, the justified 

fear of novelty, of the unknown and of technology.  

 

A clear example of an obstacle to innovation can be found during the Second Industrial 

Revolution. The invention of the automobile marked a turning point not only in the 

transport sector but also in the surrounding environment. The consequences of 

introducing such an invention on the market fell, in fact, on a multitude of players who 

rightly see the novelty as the bearer of their failure. 

In this specific case, the appearance of an independent means of transport that does 

not require animal traction, which is produced in series and presents itself as a valid 

alternative to mass transport, is clearly able to worry and put in crisis an entire 

entrepreneurial and artisan society. Horse breeders, blacksmiths and railway investors 

can only try to resist innovation, but with few results.  

As I said before, innovation brings with it not only benefits for the innovator, but also 

losses. These heterogeneous losses range from intangible assets, such as personal 

skills or tacit knowledge, to tangible assets, such as equipment, machinery, etc., that 
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can be used in various ways. This is because most of the time diffusion requires that 

there is also an innovation of the whole architecture of the relevant sector. 

 

It is clear that the success or otherwise of an innovation depends directly on the 

intensity with which the opponents fight it. The more a novelty requires specific 

knowledge and techniques, the more the conservatives will make their voices heard in 

order to counteract it. Conversely, the more an innovator believes his work will benefit 

himself and society, the more he will be willing to "fight" for it to be introduced into the 

market6. 

It should be added that, on the basis of the extent to which the level of benefits and 

losses deriving from the innovation is distributed between conservatives and 

innovators, it is possible to determine the degree of political organization of the two 

parties.  

 

The fact is that at the exact moment when a major innovation such as the car is 

introduced on the market, the structure of the car changes without the possibility of 

returning to the previous situation. Technological progress, by its very nature, 

continues to be present and to play a leading role. Maintaining the status quo inevitably 

leads to actors who want to stand by and fail. The process of innovation will only stop 

if an economy is saturated with ambition and a search for innovation and wealth, which 

is a remote hypothesis, as long as it is in an open economy. 

It is thanks to the economic policies of the free market that technological development, 

and consequently economic development, can be constant. The opening up of markets 

eliminates barriers, encouraging competition, cooperation and the dissemination of 

knowledge. 

How can a company benefit from the introduction of an innovation? 

Organizational theorist David Teece understood how the concepts of co-specialization 

and capacity can ensure that an innovation has an effect on the financial aspects of a 

 
6 Mokyr J., Technological inertia in economic history. The Journal of Economic History, 1992, 
vol 52. N 2: pp. 325-338. 
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company7. In particular, co-specialization plays a key role in the creation of industrial 

architecture. The latter is essentially defined by the relations between the agents of a 

given economic system, relations that are guided by rules that the actors must follow. 

For an innovator, it is essential to understand which is the architecture of the sector in 

which he wants to fit. Through the analysis of this, he will be able to obtain a space in 

the environment in such a way as to have an influence on it. The introduction of an 

innovation has the potential to modify or even create a new architecture maximizing in 

this case the benefits that a company can achieve. 

However, the creation of a new architecture entails the creation of an imbalance within 

a sector, so it will be necessary to seek a new stability given by new connections and 

relationships between the actors involved. There is a succession of events that leads 

some parts of the value chain to emerge over others, which, however, will in turn be 

forced to specialize in such a way as to meet the demand upstream in the chain. This 

creates the so-called co-specialization. 

A factor that greatly influences the creation of an industrial architecture are the legal 

and regulatory issues, thus creating substantial disparities at the organizational level 

between different countries. These are also the tools through which conservatives can 

fight against the introduction of innovations and preserve the status quo of the sector, 

being aware that they risk losing their advantage if the architecture is changed.  

A further barrier to innovation is the guarantee of the quality of a given product or 

service, assured by a stable architecture. 

A dichotomy is thus created between those who wish to maintain the current 

architecture and those who want to change it by taking a stand against regulations, the 

expectations of customers accustomed to certain standards, or even situations of 

comfort from which, it is true, it is difficult to move away, but which risk becoming what 

leads to failure. 

The definition of a corporate architecture allows to identify and define both "who does 

what" and "who gets what". In other words, through an understanding of architecture, 

it is possible to learn how value creation and the division of labor take place, and to 

 
7 Jacobides, Michael G.; Knudsen, Thorbjørn; Augier, Mie. Benefiting from innovation: Value 
creation, value appropriation and the role of industry architectures. Research policy, 2006, 
35.8: pp. 1200-1221. 
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establish how the surplus or income generated is divided, so as to satisfy all the "co-

specialized" actors8. 

The advantage that companies must derive from innovation is that they can position 

themselves as a bottleneck in a given sector. To explain this concept, an example 

drawn from a working paper "Giving up protection to foster imitation: Is it a viable 

strategy in historical perspective?”9 is very useful. 

South African entrepreneur and inventor Elon Musk published an announcement in 

June 2014 about his company Tesla Motors, Inc. in which he stated that Tesla would 

not sue anyone who wanted to use the technology developed by his company10. 

Musk's strategy is to gain a competitive advantage by encouraging changes in industry 

architecture. In fact, by giving competitors access to "proprietary" and patented 

information and technologies, the possibility of innovation spreading like wildfire 

exponentially increases. 

Trying to change the general trend rather than compete with manufacturers only on 

electrical products, Tesla wants to change the structure of the sector ensuring the 

spread of its standards. With this strategy Musk and his company aim to limit the entry 

of new players in the market, and to give its direction to innovation. 

Living in an age where cars with internal combustion engines dominate the market, it 

is impossible for Tesla to compete directly with the largest car manufacturers in terms 

of sales; consequently, to encourage development by OEMs of electric-powered 

vehicles is definitely a winning strategy, and perhaps the only viable one for the 

Company of Musk. 

Whether it's thanks to the strategy of the South African entrepreneur or not, the electric 

car market has had an evident global expansion since Musk made his statement and 

implemented his "plan". Of course, the sector is still dominated by internal combustion 

cars but Tesla Motors, Inc. has created its own space in the environment and certainly 

 
8 Tee, R. Liong Gie., Architectural innovation and design evolution: strategic and 
organizational dynamics of industry platforms. Imperial College London 2011. pp. 1-131 
9 Favero G., “Giving up protection to foster imitation: Is it a viable strategy in historical 
perspective?”, presented at CAMI workshop, Ca' Foscari University of Venice, Department of 
Economics, 20 July 2014. 
10 Elon Musk, CEO Tesla Motors, Inc, Tesla.com. (2019). All Our Patent Are Belong To You. 
Tesla Motor Inc. press release,12 June 2014 [online] Available at: 
https://www.tesla.com/it_IT/blog/all-our-patent-are-belong-you 



 
17 
 
 

a competitive advantage as evidenced by its sales, which, only in the United States, 

have reached the top of the market. 

  
Figure 2: Plug in Vehicles Sales   Figure 3: Global Electric Car Sales and Market Share 2013-

18 

 
Source: Iea.org. (2019). IEA webstore.  Source: CleanTechnica. [online] CleanTechnica 

 

Allowing competitors free access to a technology clearly means an increase in 

competition, and in the automotive sector, indeed, this, together with the globalization 

of production models, has an impact on innovation. 

Thanks to globalization, European and world OEMs are increasingly encouraged to 

create new products in order to conquer more and more market shares. The 

diversification of the product portfolio has become fundamental for all manufacturers, 

European and non-European.  

It is not only direct competition between competitors that drives innovation, but there 

are a number of related factors that fuel progress. 

Rising fuel prices and pollution problems, for example, are driving research to find 

cheaper, more efficient and more sustainable solutions. A change in demand in this 

direction, not only, as already mentioned, supports the innovation process, but also, in 

order to be satisfied with new technologies and assets, changes the entire industrial 

architecture. 
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In order not to put a brake on 

innovation, regulations such as 

safety, environment, IPRs, etc. play 

a fundamental role. These 

regulations obviously have a 

significant influence on the 

automotive industry as they act as a 

stimulus to research and to the 

achievement of the standards 

imposed by governments at a global 

level.  

 

In a research carried out by CIS4 

(the Commission on Innovation 

Statistics), the main factors feeding 

innovation processes have been 

identified and described11. 

Looking at the data resulting from 

the analysis, and especially the first 

items, it can be seen that regional 

funding, lack of demand for 

innovation, high innovation costs 

and lack of information on technical 

opportunities is what could act as a 

barrier to innovation.  

Moreover, achieving standards and 

complying with regulations (26th place) is an important driver for progress. 

 
11 C. Montalvo, K. Pihor, M. Ploder, Analysis of market and regulatory factors influencing 
sector innovation patterns – Automotive Sector, Final Report Task 3, Europe INNOVA 
Sectoral Innovation Watch. February 2011 
 

Source: CIS4, SIW-II calculations, N usable=144, R^2=0.6	

Figure 4: Ranking of factors affecting innovation	
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It is also clear from the analysis, how the innovative efforts of car manufacturers are 

mostly directed towards manufacturing methods and products. While the relational 

aspects with competitors or public bodies are of little interest. 

 

Just like today, when we are living in a period of change, in which the focus is on 

achieving globally imposed standards, history has been also characterized by events 

that have brought about a radical change. From scientific revolutions, such as Galilean 

discoveries or Newton's laws of universal gravitation, to social and industrial 

revolutions. 

The latter, in particular, have changed the world's economy. Starting from the first 

changes, between 1760 and 1830 in the textile and metallurgical sectors, and then 

moving on with the second industrial revolution, shortly after the previous one, which 

will see the birth of electricity and chemical products of petroleum. As we will see in 

the next chapter, thanks to these revolutionary improvements, the industry, the life of 

the population and transports will undergo radical changes. 

And finally, what we consider to be the third revolution, linked to the spread of 

electronics and information technology. 

 

Begun in Great Britain in the second half of the eighteenth century, the process of 

revolution has not stopped then extending throughout the West and successively in 

Asian countries. Differentiating from country to country, above all, from the point of 

view of government participation (e.g. in England, the Parliament supported the first 

revolution through the enactment of legislative acts, like customs, monetary and social 

policies)12, innovation has affected all industrial sectors, modifying their architecture 

irreversibly. Discoveries in the scientific, technological and economic fields have made 

it possible to overcome the limits linked to the lack of knowledge, increasing the well-

being of the population but also changing the relations between the social classes; the 

bourgeoisie and the working class acquired a certain social weight to the detriment of 

the aristocracy. 

 
12 De Simone, Ennio. Storia economica: dalla rivoluzione industriale alla rivoluzione 
informatica. FrancoAngeli, 2018, pp.1-392 
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The innovations that have modified not only industrial architecture but also the entire 

social structure have been received with the resistance that is typical of that class of 

conservatives afraid of change and uncertainty of an economic future that risks not 

seeing them as protagonists.  

Today, social resistance and other barriers to innovation can do little against progress. 

It is inevitable that, especially in an age like ours, the market will sooner or later become 

saturated and it is at that moment that an opportunity opens up to introduce an 

innovation that, if of considerable depth, will certainly lead to a change in the industrial 

architecture concerned. As history teaches us, and as we will see in the next chapters, 

a technological revolution becomes an obligatory step for all companies. If it used to 

happen through popular uprisings, today it is an event that manifests itself in an 

apparently more tacit and gradual way, but certainly more aware of what is necessary 

to be successful. 
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CHAPTER 2: Transport and the need to innovate 

2.1 The Second Industrial Revolution13 
 

The beginning of the Second Industrial Revolution is placed in a historical period that 

goes from the mid 19th century to the beginning of the First World War, but it had a 

continuation also until the end of the Second World War. 

An increase in prices, wages and profits, all in a constant and moderate way gave the 

beginning in 1848 to a first phase of economic expansion that lasted until 1873. During 

this period of time, development covered practically all sectors thanks to the 

introduction of free trade, the availability of gold and the development of the transport 

system. 

Free trade was based on the gradual elimination of customs duties that European 

governments imposed on imports and exports of goods. The trade agreements drawn 

up between nations contained since 1861 the most-favored-nation clause, which 

means that in the event that a more advantageous duty was established towards a 

nation, then all the others would also be lowered. 

With the discovery of gold deposits in both North America and Australia, the production 

of this precious metal meant that the availability of means of payment increased but, 

thanks to the increase in international trade and the development of industrial 

production, it did not cause any inflation. 

After 1873 there was the period of the "Great Depression" which lasted until 1896.  

Due to a crisis in the markets of Berlin, Vienna and New York, in these years there was 

a sharp decline in everything that had grown up until then: prices, wages and profits. 

Yet this phenomenon of general deflation was not hindering growth, as it would do in 

the interwar period. 

The consequences were instead an increase in the supply of both agricultural and 

industrial products, at ever lower prices, and a reduction in transport costs. As costs 

were reduced, European markets found themselves invaded by products from America 

and Russia. 

 
13 Paragraph based on: De Simone, Ennio. Storia economica: dalla rivoluzione industriale 
alla rivoluzione informatica. FrancoAngeli, 2018, pp.1-392 
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That was how protectionism returned. The countries that were in the greatest difficulty 

implemented policies to raise the domestic economy, at the same time companies tried 

to exploit economies of scale in such a way as to reduce production costs. As a result 

of the crisis of agricultural producers, all European governments, except the British 

one, moved away from free trade by raising their economies but without hindering trade 

and thus growth. 

After 1896 a new expansionary phase that lasted until the advent of the First World 

War took the name of "Belle époque". All industries resumed their growth, the 

metallurgical and chemical industries were established, and the international market 

saw one of the most flourishing periods in which there was great freedom of movement 

of people, goods and capital at the global level. 

The exit from the crisis and the recovery of the economy was possible thanks to the 

support coming from the gold mines of Canada, Alaska and South Africa that supplied 

an enormous amount of precious material. despite the high availability of wealth, 

however, there was no relevant inflation due to the parallel growth of supply. 

 

The economic boom meant that as early as 1850 the transport system, which was 

fundamental to the growth of markets and international trade, grew and developed. 

The way of moving changed radically for both men and goods. 

Maritime transport was sped up and had lower and lower costs thanks to the 

improvement of ships (sailing). The railway network, which in the middle of the 19th 

century was only branching off for about 30 kilometers in thirty years, reached 350 

thousand and in 1914 reached the incredible length of 1.1 million kilometers (today the 

extension is equal to 1.4 million kilometers). 

 
Figure 5: Evolution of the railway system 

 
Source: Google images 
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The construction of the railway lines presented, in addition to technical problems 

related to the construction of the same (tunnels in the mountains and construction of 

bridges), economic problems. 

The expansion of the network required large amounts of money and the investment 

would only bear fruit years after construction was completed. For this reason, the 

capital, which was initially provided by private bankers, was raised through a large 

number of shareholders, thus sharing the risk but giving rise to episodes of speculation. 

 

The steam engine was now more than widespread but it was thanks to the discovery 

of electricity and oil that the car made its appearance. (steam vehicles had been built 

in the first half of the 19th century but with poor results). To tell the truth, the first 

evidence of the use of oil can be found in the books of the Old Testament, testifying to 

the fact that this oily substance was also used in ancient times14. In 1853, however, 

George Bissell, a New York lawyer, sensed the potential of black gold. At the time, in 

Pennsylvania, oil was used for the production of drugs for the care of the human body 

(headaches, stomach, rheumatism and skin diseases), the lawyer realized that it could 

be used as an illuminating product, and, with the advent of the industrial revolution the 

need for widespread lighting and low cost was essential (previously was used whale 

fat and it was very expensive). In 1859 E.L. Drake, an agent in charge of discovering 

the uses of fuel oil, invented the first pump for oil extraction. The possibility of extracting 

"black gold", as you know then called, will ensure that, through studies and new 

techniques, will originate the production of kerosene, the distillate of oil used for 

domestic lighting.  

The distillation produced materials heavier than kerosene and they were initially 

considered waste were discarded. It was soon understood that these substances 

considered useless, which took the name of benzene, could be used as fuel for 

engines. This, in addition to the use for lighting, made oil one of the most precious and 

requested goods on the planet, causing situations of enormous wealth, poverty, 

pollution and conflict15. 

 
14Luzzi, G. (1921). La Bibbia. Firenze: G.C. Sansoni, pp.Es. 27.20. 
15 Tuttitemi.altervista.org. (2019). Petrolio - Storia del petrolio. [online] Available at: 
http://www.tuttitemi.altervista.org/Trasversale/Petrolio.htm 
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2.2 From the exothermic car to the endothermic car161718 
 
Long before petrol was discovered and the internal combustion engine appeared in 

the 19th century, steam vehicles were on the road. 

The first car the world saw was Cugnot's wagon in 176919, which, with three wheels 

and a steam engine, was built by Nicolas Joseph Cugnot with the intention of pulling 

the Parisian military artillery. The engine of this vehicle was powered by a boiler that 

made the front wheel move.  
Figure 6: Cugnot's Steam Wagon 

 
Source: Il carro a vapore di Cugnot. [online] baroque, arte e cultura nel periodo barocco 

 

Because of its low power and autonomy, however, did not have a great spread, but 

had the locomotives and steamboats thanks to the invention of a high-pressure engine 

at the end of '700.  

It was the inventor of the steam locomotive, Richard Trevithick20, who built the first 

vehicle to be able to circulate on the road in 1801, and then built a second one a few 

years later, and the latter was the first to circulate on the streets of London. 

 
16 Web.archive.org. (2019). il motore a vapore - Mondo Motori. [online] Available at: 
https://web.archive.org/web/20141006110708/https://sites.google.com/site/mondoemotori/altr
i-tipi-di-motori/il-motore-a-vapore 
17 Weeks L., History of the Automobile ANS Its Inventors, Salzwasser-Verlag GmbH 
(September 23, 2010), pp.1-178. 
18 Morello L., L’automobile a vapore – storia e prospettive, Asi Service, 30 aprile 2016 
19 Web.archive.org. (2019). Museo dell'automobile - CARRO DI CUGNOT. [online] Available 
at: 
https://web.archive.org/web/20141129083445/http://www.museoauto.it/website/it/collezione/5
4-carro-di-cugnot/74-carro-di-cugnot 
20 Encyclopedia Britannica. (2019). Richard Trevithick | English engineer. [online] Available 
at: https://www.britannica.com/biography/Richard-Trevithick 
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In the following twenty years other vehicles with the same type of propulsion were 

patented and were used both at city level and to cover longer distances. The first car 

to circulate in the New Continent was a project by Richard Dugdeon. 

However, these vehicles were still primitive and to see the appearance of a first 

"modern" vehicle will have to wait until the second half of 1800. In these years, in 

England, Thomas Rickett built the first vehicles able to reach a maximum speed of 19 

miles per hour. 

There is also an Italian among the inventors who contributed to the development of the 

automotive and transport sectors. It is Innocenzo Manzetti21 who in 1864 built his first 

car with an internal combustion steam engine. Manzetti's innovative vehicle possessed 

not only a steam-powered engine at the front of the vehicle, but also a steering system. 

Modern steam cars, however, were more successful and developed in the United 

States. In fact, at the beginning of the 20th century, 909 cars were registered in 

America and more than half (485) had a steam engine22. 

The industry leader was the Stanley Company and, in 1906, set the Earth's speed 

record with the “Stanley Rocket”. This two-cylinder steam engine car was the first 

(land) vehicle to exceed 200 km/h, reaching 206 km/h. The driver, Marriot, tried the 

following year to set a new record with an improved version of the car and achieved 

an extraordinary speed of 240 km/h but, due to an accident, the record was not 

homologated23. 

 

 
21 Manzetti.eu. (2019). L'automobile a vapore. [online] Available at: 
https://www.manzetti.eu/le-altre-invenzioni/automobile-a-vapore/ 
22 Web.archive.org. (2019). Wlecome to the National Steam Car Association. [online] 
Available at: 
https://web.archive.org/web/20120903010745/http://www.steamcarassociation.org.uk/Fun_F
acts.html 
23 Vaughan D., conceptcarz.com. (2019). 1906 Stanley Steamer Rocket - conceptcarz.com. 
[online] Available at: https://www.conceptcarz.com/vehicle/z11210/stanley-steamer-
rocket.aspx 
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Figure 7: Stanley Rocket 

 
Source: conceptcarz.com. (2019). 1906 Stanley Steamer Rocket - conceptcarz.com 

 

As a demonstration of how widespread steam cars were in the country, even the 

President of the United States Roosevelt used as a representative car a steam car of 

Stanley. 

In the following years other car manufacturers such as the “Doble” or “Locomobile” 

made improvements to the cars of the category such as the reduction of starting times. 

However, the steam traction had the hours counted and the invention of the starter 

motor, installed on the cars with internal combustion engine, marked the beginning of 

the end. 

Steam cars had to be started with a wax-up and it was necessary to wait a few minutes 

before the vehicle worked properly and could move. The use of the electric ignition of 

the burner did not improve the situation, also because of other problems of engine 

management (and weight), and cars with internal combustion engine took over24. 

 

The problems of global pollution towards the end of the 20th century, however, 

prompted some car manufacturers to test new prototypes with steam engines25. 

Technological advances have made possible to create engines with a weight and size 

far lower than those of the past, but, above all, it has been possible for engineers to 

 
24 Georgano, G. (2000). The Beaulieu encyclopedia of the automobile. Chicago: Fitzroy 

Dearborn. pp.62 

 
25 Crank, J. D., The modern steam engine, Advisory Board, Cyclone Power Technologies, 
Inc., 2011 
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create tools capable of controlling the "combustion" of these engines, through the 

regulation of temperature and pressure, not to mention the zeroing of ignition times26. 

This type of car is much simpler mechanically than those with internal combustion 

engines and, moreover, since it only expels water vapor, it reduces air pollution to a 

minimum, as well as noise pollution, thus meeting the standards in force. 

In 1973, an energy crisis that led to an increase in the price of crude oil prompted the 

car manufacturer Saab27 to build a prototype with a steam engine, this car had 250 

horsepower and an ignition motor with compressed air. 

About twenty years later, a company belonging to the well-known Volkswagen group 

built the ZEE, a steam engine with 220 horsepower that did not require lubricating oils 

and had an almost instantaneous output. 

In 2009, the land record for steam vehicles, that had been recorded more than 100 

years earlier by the Stanley Rocket, was beaten by the car driven by Charles Burnett 

III and later by Malcom Campbell28. 

 
Figure 8: Land Speed Record Steam Car 

 
Source: Web.archive.org. (2019). The British Steam Car 

 
26 Brooks, C. (2013). Why don't we still drive steam cars?. [online] BBC History. Available at: 
https://web.archive.org/web/20130207151212/http://www.bbc.co.uk/history/0/21245426 
27 Ryan (2008). The Nine Cylinder Saab Steam Engine | Saab History. [online] 
Saabhistory.com. Available at: http://www.saabhistory.com/2008/04/04/the-nine-cylinder-
saab-steam-engine/ 
28Web.archive.org. (2019). The British Steam Car. [online] Available at: 
https://web.archive.org/web/20140706094841/http://www.steamcar.co.uk/ 
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The steam car had a great and flourishing past, opened the doors of the automotive 

and internal combustion engine and even tried to return forcefully to be the car of the 

future, but the internal combustion engine had now acquired too much power. 

 

The internal combustion engine is, in fact, still the most widespread thermal machine 

in the world today. Its use ranges from the nautical sector to the terrestrial one, from 

that of the micro-modelling to that of the aerial one. The power of these motors is 

therefore very variable and adaptable. Its use in the civil and private sectors has paved 

the way for the development of transport and overcome many human and natural 

limitations. 

The first thermal engine was patented and built in 1854 by two Italians, Eugenio 

Barsanti and Felice Matteucci. Already at the beginning of the century, however, 

people like Lebon d'Huygens and Carnot approached this technology and around the 

quarter century Brown, Wright and Barrnet built some prototypes of gas engines. 

As already mentioned, however, the first working internal combustion engine was the 

one built by the Italians. The "Barsanti-Matteucci" was composed of a vertical cylinder, 

and inside this, there was a burst caused by the combustion of air and gas, resulting 

in a controlled movement of the machine. The efficiency of this engine was not very 

high, only 14%, but it started the research. 

A few years later, in the 1960s, Lenoir built a very similar engine and, thanks to the 

support of the French government, was produced in 500 pieces and used industrially. 

To underline the fact that the inventions of the sector were experiencing a period of 

greatness, few time later, in 1866, in Germany, Langen and Otto built an engine based 

on the Italian one but making some improvements ensuring less consumption and 

better performance than that of Lenoir. Exactly 11 years later Otto built a four-stroke 

engine that was a huge success and started the industrial construction of internal 

combustion engines. 

 

As anticipated in the chapter a huge turning point was given by the advent of gasoline, 

so much so that in 1882 the Professor and scientist from Verona Enrico Zeno Bernardi 

invented a combustion engine that used the distillate of oil as fuel. Only three years 

later, the Professor devoted himself to the construction of a four-stroke engine which, 
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due to its operating characteristics, is still relevant (his first invention was a two-stroke 

engine). 

What will turn out to be the real revolution that still dominates the automobile market 

today is the invention of Rudolf Diesel.  

In 1893, in an attempt to solve the ignition problems of internal combustion engines, 

the inventor patented a machine characterized not only by a pressure ignition system 

but above all by a less volatile fuel than gasoline, the diesel. This type of engine 

developed a great power and for this reason they were immediately used on trucks 

and heavy machinery. Thanks also to the two world wars, the production of these 

engines reached surprising levels that had never been reached before; they were also 

used on tanks, ships and planes. 

The level of pollution produced by diesel engines, however, has meant that since the 

1960s and 1970s car manufacturers began to invest in the development of these 

engines in order to reduce their emissions of harmful gases. 
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2.3 Enrico Bernardi case: 

2.3.1 Life2930 and the First use of the internal combustion engine 
 

The birth of the car was attributed to the inventors Benz and Daimler, but it was the 

Italian Enrico Zeno Bernardi who anticipated them in 1882. 

The inventor was born in Verona in 1841, during the years of high school in his 

hometown, the interest in the field of mechanics became apparent thanks to two 

projects, the first relating to a steam locomotive, the other to an alternative steam 

engine. For both models he obtained an honorable mention in the mechanics section 

between 1856 and 1857. 

Bernardi later moved to Padua where, in 1963, he completed his university studies and 

graduated in mathematics. In the following years he immediately became an assistant 

professor in various subjects and, a few years later, professor of mechanics and 

physics and dean of the technical institute in Vicenza. In 1878 he became a member 

of the Veneto Institute of Sciences. 

Already four years before his studies and research in the field of mechanics gave rise 

to a first prototype of a gas engine.  

This engine had a power of just 1/50 of KW and had a 20% lower consumption than 

the German models of Langen-Otto.  

In 1878 he built a second gas engine with an innovative operating mechanism. 

The gas engines of the time, in fact, worked through the movement of a piston that 

took place through a denture and a reel, in Bernardi's model the piston acted directly 

on the crank. 

 
29 Mario Medici, Dizionario Biografico degli Italiani, Encilopedia Treccani, Vol 9, 1967. 
30 Web.archive.org. (2019). • Museo Nicolis • Benvenuti •. [online] Available at: 
https://web.archive.org/web/20100417114105/http://www.museonicolis.com/website/pages/e
sposizionitematiche_enrico_bernardi.php 
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Figure 9: Otto’ Gas Engine    Figure 10: Bernardi’ Gas Engine 

  
Source: Google images 

  

In 1979 Bernardi won the chair of Thermal and Agricultural Hydraulic Machines at the 

University of Padua. 

In 1882 he obtained his first patent for an internal combustion 

engine. In this year, on August 5, the professor built what we 

can consider the link between steam engines and internal 

combustion engines, the "Motrice Pia" (the name was given 

from his daughter's name).  

The petrol engine, built on the basis of the Lenoir one, is a 

two-stroke engine in which the three phases of operation (intake, 

burst and exhaust) take place in two strokes of the piston and in a single turn of the 

crankshaft. During the first phase the piston, inside the cylinder, moves away from the 

upper dead center creating a depression in the cylinder that sucks air and gasoline up 

to half of its stroke (dead center indicates the two extreme points in which the piston 

of the alternative volumetric internal combustion engines stops and reverses the 

stroke, this stop occurs whenever the axis of the pin of the crank crosses the axis of 

the cylinder). 

Halfway through the piston stroke, the second stage of the machine's operating 

process begins; the gasoline and air drawn in are ignited by a flame through the ignition 

port, thus causing the car to burst. 

The third and last phase occurs when the piston, having reached the lower dead 

center, begins its return stroke. 

Source: Google images 

Figure 11: Motrice "Pia" 
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Figure 12: the three phases of the two-stroke engine 

 
Source: Google images 

 

This small and light engine was immediately a great success and was adopted by 

various industries to power sewing machines and small operators. 

However, the application of the engine to the tricycle of Bernardi's son (Lauro) was 

fundamental, thus creating the first petrol engine vehicle in history, in 1884.  

A few years later, thanks to many studies and research, Bernardi dedicated himself to 

the construction of the first engine devoted to locomotion; patented in 1889, he applied 

it to a bicycle, the most widespread vehicle at the time. 

The first real car was built in 1894 by the Società Motori Bernardi, later acquired by the 

Società Miari e Giusti of Padua (later transformed into the Società Italiana Bernardi). 

Despite the attempts to remain in business, the Company was put into liquidation in 

1901. 

After a period in which Bernardi dedicated himself to his passions, he began a 

collaboration with the Fiat (Fabbrica Italiana Automobili Torino) of Giovanni Agnelli, 

whom he met years before. There is no documentation of his role as a consultant, but 

it is believed that he collaborated in the development of the first cars of the Turin 

company. 

Enrico Zeno Bernardi died in Turin in 1919. 
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2.3.2 The first car31 
 

Figure 13: Enrico Bernardi riding his invention - Bernardi' tricycle 

 
Source: Phaidra.cab.unipd.it. (2019). PHAIDRA – Collezioni digitali | Università di Padova 

 

The production of Bernardi's cars amounted to about 100 pieces and in the design of 

these he focused on solving the problems of the cars of the time in their entirety and 

finding original and innovative solutions. 

In analyzing the architecture of the vehicle, the professor from Verona studied the 

advantages and disadvantages of the various types of vehicle, whether three-wheeled 

or four-wheeled, taking into account cornering stability, grip, acceleration and braking. 

Among the various options he opted for the reverse tricycle, i.e. with one rear wheel, 

drive, and two front wheels, steering. 

This manner it was possible to eliminate the suspension of the wheels because there 

were no more problems of adaptability of the vehicle to the ground, typical of four-

wheeled one; in this way it was also reduced the overall weight of the car but without 

sacrificing comfort. 

This was in fact guaranteed by spoked wheels mounted on ball bearings and, above 

all, by rubber tires, which were not present on the cars of the "competitors" who used 

 
31 Morello L., Le soluzioni tecniche di Bernardi e la tecnica automobilistica nel 1894, un 
viaggio straordinario fra il motorismo della fine del 19 ̊ secolo e l’inizio del 20 ̊, in particolare 
concentrandosi sulla figura di Enrico Bernardi, grande progettista, Commissione Cultura ASI, 
La Manovella, 2016. pp.32-37. 
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wooden wheels mounted on bronze blocks, as on the coaches, and by spring 

suspensions between the body and the chassis. 

The chassis which, in the cars produced by the Germans, consisted of wooden beams 

reinforced with iron parts, was completely built with steel tubes, the whole was covered 

with wooden panels. 

The braking system proposed by Bernardi was completely innovative. The system was 

composed of two types of brake, one, a rope (covered with leather and sometimes wet 

to avoid burns), which acted on the output shaft of the gearbox and performed the 

function of slowing down the car, and another, a block (a shoe that tightens around a 

portion of the wheel), which was used in case of necessity of more decisive braking or 

to stop the vehicle. 

Another unique element in Italian cars was the steering mechanism; the Professor 

patented a system that allowed a much better steering than those of his competitors. 

 
Figure 14: Bernardi' steering system 

 
Source: Article by Lorenzo Morello 

 

The propulsion of the vehicle was provided by a four-stroke engine and had a not very 

high power of about 2.5 horsepower. Despite the fact that most of the competing 

vehicles had greater energy, the reduced weight of the Bernardi tricycle guaranteed a 

maximum speed equal to that of the other vehicles, about 35 km/h. 

The mechanical solutions of Bernardi's engine, such as the controlled intake valves 

and their arrangement (they were located on the engine head), were so avant-garde 
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that it took, respectively, about 10 and 20 years for them to be adopted on a large 

scale. 

Another problem with late 19th century cars was ignition. The most used system was 

the electric one, but because of the high cost of non-rechargeable batteries and the 

poor reliability, Bernardi, as well as Benz, Daimler and Panhard & Levassor, adopted 

non-electric solutions that did not have these limits. 

A further improvement that the Professor made was to the 

gearbox, he equipped his vehicle with a three-speed 

forward gearbox and a reverse gear.  A few years later 

Bernardi built a four-wheeled car (forty examples were 

produced, unfortunately they were all destroyed); this car, 

unlike the tricycle, had a differential and leaf springs. 

 

Enrico Bernardi is a clear example of what was said in the previous chapter. The 

independent inventor, thanks to progress in technology and research, has developed 

models capable of initiating a process of radical change in the architecture of the 

transport sector. The technical solutions he patented were the starting point for the 

construction of the current cars. Evidence of the fact that he was an important innovator 

is the collaboration in the production of FIAT cars in which 

he almost certainly, since there was no specific news about 

it, had an important influence during the development of 

products. 

With the invention of the car, Bernardi managed to 

overcome the barriers imposed by the various players in the 

sector. Investors in the railway system, companies 

operating in public transport by road, and manufacturers of 

electrically propelled cars were faced with a change that, 

thanks to the refining of oil, was inevitable. Adaptation to 

the changing architecture driven by motoring progress was 

a forced and compulsory solution for these actors to 

survive.  

Figure 15 - Bernardi' four-wheeled 
car 

Figure 16: Motrice "Pia"- Manifesto 
of the Venetian company for public 

enterprises and construction, Officine 
di Padova, with which, in 1887, every 

possible industrial and domestic 
application of the "Pia" engine was 

advertised. 

Source: Phaidra.cab.unipd.it. 
(2019). PHAIDRA – Collezioni 
digitali | Università di Padova 

a 

Source: Google images 
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As in the transport sector, Bernardi, with his genius, was also able to impose the need 

for innovation on the part of the textile industry in the small industry. His "Pia": "the 

smallest industrial engine in the world [...] helps small industry, helps the domestic 

economy, assists the school32", was introduced into the production process, forcing a 

change in the architecture of the sector in this case too. 

  

 
32 Phaidra.cab.unipd.it. (2019). PHAIDRA – Collezioni digitali | Università di Padova. [online] 
Available at: https://phaidra.cab.unipd.it/collections/bernardi 
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CHAPTER 3: Evolution of Transport 

3.1 From Bernardi's car to current cars 
 

As described in the previous chapters, the need for evolution in transport has led to 

the invention of the internal combustion engine and its application in the industry. Since 

then, there has been unprecedented growth in the automotive sector. This sector has 

undoubtedly been constantly evolving and there is continuous research to develop new 

types of transport. 

The progress made since the invention of the steam engine, through 1894, the year in 

which E. Bernardi patented his car with internal combustion engine, is impressive. With 

the evolution of technology, car manufacturers have created cars able to travel 

hundreds of miles with a single full tank of fuel, with smaller and smaller engines but 

with very high performance. Comfort and safety have reached impressive levels. 

Progress has even made it possible to create connected cars, the so-called "online 

models" and self-driving cars (this will be discussed in more detail in the following 

chapter). But what now drives research and development is mostly the challenge of 

reducing the environmental impact of internal combustion vehicles. 

Fossil fuels are still today the primary source of energy production. The consumption 

of energy produced by these fuels and the production of internal combustion vehicles, 

which therefore make use of these resources, is constantly increasing. 

One of the reasons for this growth is certainly the strong increase of the demand for 

cars in countries such as China, India, Russia and Brazil. According to ANFIA33, in 

fact, there can be an increase of 15% in demand in these countries in relation to global 

demand, going from 23% to 38 %. The data harvested in 2017 shows that of this 38%, 

30% was recorded by China, in contrast to Western Europe, the USA, Canada and 

Japan, where demand stabilized at around 43%, after a sharp drop between 2007 and 

2009. 

 

 
33 Anfia.it. (2018). ANFIA Studi e Statistiche - Dati statistici settore automotive. [online] 
Available at: https://www.anfia.it/it/studi-e-statistiche 
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Figure 17: global demand for motor vehicles by economic macro-area, in % of total 

 
Figure 18: demand for vehicles in 2017, percentage changes and quotas by area 

 
Source: Anfia.it. (2018). ANFIA Studi e Statistiche - Dati statistici settore automotive. 

 

According to the EEA34, the European Environment Agency, more than a fifth of 

greenhouse gas emissions and air pollution are produced by the transport sector. 

To address the problem, it is therefore necessary to develop, produce and market a 

means of transport that minimizes gas emissions and no longer requires fossil fuels 

for its operation. 

Surely technological advances in the field of mechanical engineering related to the 

production of internal combustion engines have meant that emissions of gas produced 

by means of transport have been very low in recent years. The main problem is that 

 
34 European Environment Agency. (2019). Agenzia europea dell'ambiente. [online] Available 
at: https://www.eea.europa.eu/it  
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different countries have different regulations (in the European Union there are common 

regulations between countries), moreover, not all countries have strict regulations on 

emissions and pollution. 

Countries such as the United Kingdom, France, Switzerland, Canada, Brazil, Australia 

and China have adopted protectionist legislative measures to reduce the levels of 

harmful gas emissions produced by vehicles; unlike countries such as South Africa, 

other countries have not established standards to be met for fuel emissions, but the 

government imposes environmental taxes on carbon dioxide emissions and new 

vehicles whether they are imported or produced in the country35. 

Moreover, the International Energy Agency (IEA)36 does not foresee any substantial 

changes in the coming years in relation to the type and quantity of energy needed and 

used by the transport sector. 

The trend that many car manufacturers are following is therefore the development, 

production and marketing of electric cars. 

 

  

 
35 Global Legal Research Center, Regulation of air Pollution, The Law Library of Congress 
June 2018, pp. 1-153. 
36 Italia - European Commission. (2018). Qualità dell'aria: la Commissione interviene per 
proteggere i cittadini dall'inquinamento atmosferico - Italia - European Commission. [online] 
Available at: 
https://ec.europa.eu/italy/news/20180517_UE_protegge_cittadini_su_inquinamento_dell_aria
_it 



 
40 
 
 

3.2 Birth of the electric motor 
 

In 1799 Alessandro Volta invented the first electric battery (not rechargeable). His 

invention was then resumed and developed by other scholars in the following years. 

In 1865 Raymond Louis Gaston Plantè designed the battery that today is used in the 

automotive industry, it is a rechargeable lead-acid battery. This type of energy source, 

however, presents problems of size and weight, a reduced life cycle and also the 

materials of which the battery is composed are toxic. About half a century later, nickel-

cadmium batteries were created, but by the end of the 1970s they were no longer used, 

either in light industry, in heavy industry, where they had seen their first application, or 

in other fields because of the toxicity of cadmium. 

In 1991 the Japanese multinational Sony Corporation presented the lithium-ion battery. 

This type of battery due to its energy density, high efficiency and long life especially in 

the 2000s has had a rapid rise mainly due to the collapse of prices due to great 

technological progress and economies of scale and increased competition between 

manufacturers. 

In 2016 the market recorded a drop of 73% in the price of the lithium-ion battery 

compared to 201037. 

 
Figure 19: BNEF lithium-ion battery price survey, 2010-16 ($/kWh) 

 
Source:  Bloomberg New Energy Finance’s annual long-term forecast of the world’s electric vehicle market, 

Bloomberg, 2019. pp.1-8. 

 
37 Curry, C. (2017). Lithium-ion Battery Costs and Market - Squeezed margins seek 
technology improvements & new business models. [online] Data.bloomberglp.com. Available 
at: https://data.bloomberglp.com/bnef/sites/14/2017/07/BNEF-Lithium-ion-battery-costs-and-
market.pdf 
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For these reasons, this energy source has been very interesting for the major car 

manufacturers that use it as a source of power for electric and hybrid vehicles. 

Lithium-ion batteries are therefore of the utmost importance for car manufacturers, who 

need to invest in trying to develop this technology to the maximum in order to give their 

products greater power, greater range and the possibility of being recharged in the 

shortest possible time. 

Battery manufacturers are looking to gain more market share to meet demand and 

maximize profits.  

This is how a new "gold rush" of rare metals in Africa was born, as Riccardo Barlaam 

writes in an article in "Il Sole 24 ore"38. China and the United States, which are 

estimated to have 84% of the production of electric batteries in 2020, are buying 

concessions and mining and exploration permits in Africa, especially in Congo, 

Namibia, Niger and Ivory Coast. From the point of view of the market and the economy 

of the producing countries, the opportunities that arise in Africa are very advantageous 

and indispensable to ensure supplies of precious metals for the production of batteries. 

From a humanitarian point of view, however, working conditions in African mines are 

far from Western standards, to say the least. Mortality and accident rates are very high. 

This economic colonialism afflicts a continent where corruption is rampant and subjects 

local communities to levels of exposure to toxic metals never seen before, with the 

consequent appearance of diseases unknown until a few years ago and an increase 

in malformations among newborns. 

 

Given this premise we can think that the electric car is an invention of our times. 

However, as we have seen before in the chapter, the first appearance of an 

electrochemical generator was in 1799, created by Alessandro Volta. Subsequently, 

as interest in this technology and its possible applications grew, between 1832 and 

1839, a Scottish entrepreneur, Robert Anderson, invented the first electric carriage. 

 
38 Barlaam, R. (2018). così la Cina guida la nuova corsa all’oro dei metalli rari in 
Africa. ilsole24ore. [online] Available at: https://www.ilsole24ore.com/art/cosi-cina-guida-
nuova-corsa-all-oro-metalli-rari-africa-AEjiOt0D?refresh_ce=1 
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The first prototype of an electric car was designed by the English engineer Thomas 

Parker, who at the time was responsible for the electrification of the London subway 

and tram lines. The Englishman used high-capacity batteries created by himself. 

In the same years, as already seen in the previous chapter, Bernardi, Daimler and 

Benz built his direct rival, a car with an internal combustion engine. 

Between the end of the 19th century and the beginning of the 20th century, therefore, 

what the market offered was the possibility of buying steam, petrol or electric cars. 

However, contrary to what one might think, the largest market shares belonged to the 

segment of electric cars that thanks to their advantages, such as the absence of 

gearbox and clutch, the absence of exhaust emissions, the absence of problems of 

overheating, less noise and a more pleasant driving dictated by low vibration than other 

models with different propulsion had a greater success from London, in the midst of 

the industrial revolution, to the United States with a commercial application on a large 

scale. In 1897, in fact, in the city of New York, and subsequently also in other major 

cities such as Chicago and Washington, a fleet of over 100 electrically powered taxis 

circulated and electric bicycles, electric gardens, electric wagons and ambulances 

were produced and marketed. 

In 1912 in the United States circulated about 30,000 electric cars circulated, while in 

Europe about 4,000; the maximum speed was of 32 km/h, and the range varied from 

32 to 130 km and then, in the second decade of the 20th century, to a range of about 

160 km (a range that remained the same almost a century later)39. 

Despite the widespread use of this type of transport, the weight of the batteries and 

their difficulty in being recharged and especially the lack of the transistor (an instrument 

that allows you to regulate the flow of energy through the device) were major 

technological limitations of the time that limited the use of electric cars to urban use. 

A fundamental contribution was given by Thomas Alva Edison who in 1903, realizing 

the potential of electric cars, designed a dedicated battery that could be recharged in 

special charging stations located at bus stops and without the need for them to be 

disassembled from the vehicle. 

 
39 nostalgiacars.net. (2019). History of cars, Storia delle auto elettriche. [online] Available at: 
https://nostalgiacars.net/blog/, 2019 
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Edison's project clearly also had commercial purposes that would have benefitted his 

company, the "Edison Illuminating Company". Although the project of the American 

entrepreneur and inventor was futuristic and avant-garde, Edison wanted to create a 

kit for recharging vehicles at home, also planning to circumvent the problem of 

powering every housing unit of a power line with a generator to recharge the batteries 

through the use of renewable sources, another thing was the feasibility. 

The change of direction took place when the engineer Henry Ford in 1908 introduced 

the Ford Model T to the market. This car, thanks to its reliability, the affordable price 

possible thanks to mass production, and the great availability, not to mention the 

reduction in the price of oil and the spread of filling stations, sent the electric car market 

into a crisis, which saw its end, at least temporarily. 

In fact, the vehicle that first required electric traction again was a vehicle that was used 

on July 31 1971 for a purpose that the inventors of electric propulsion would certainly 

not have imagined. On that date, in fact, the Moon Rover was used for the first time. It 

was a vehicle built by Boeing in collaboration with General Motors and its use was 

intended for lunar missions. During the NASA space mission Apollo 15, and later in 

the Apollo 16 and 17 missions, the astronauts used the Moon Rover for movements 

on the terrestrial satellite. The electric-powered vehicle could travel at a speed of only 

13 km/h and had a range of 100 km40. 

But we can speak of a real return of the electric car, or at least of an interest in it, only 

in the late '80s when problems and environmental damage caused by pollution and 

emissions of combustion vehicles began to be found. 

 

A new concept began then to take hold: the concept of sustainability. Economic, social 

and environmental sustainability. And it is precisely in this last "sector", the 

environmental one, that the problem of pollution linked to transport is inserted.  

The automotive industry undoubtedly has a strong impact on the global economy and 

therefore has a great influence on environmental pollution. 

 
40 Puliga, L. (2013). Nascita, morte e resurrezione dei veicoli elettrici #LegaNerd. [online] 
Lega Nerd. Available at: https://leganerd.com/2016/06/03/nascita-morte-resurrezione-dei-
veicoli-elettrici/ 
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The awareness of this has led, especially in recent years, world governments to 

impose environmental regulations on Original Equipment Manufacturers (OEMs) for 

the control of harmful gas emissions. 

To address these regulations, major manufacturers are oriented towards strategies to 

improve fuel efficiency and develop alternative fuel vehicles, but especially vehicle 

electrification. 

It can therefore be said that there is a kind of search for a return to the past, and to 

electric propulsion. 

Modern technologies clearly allow automotive companies to consciously and efficiently 

approach this technology, which seems to be the most effective way to solve or at least 

try to solve the problem of sustainability. 

 

The automotive sector's leading players continue to favor the production of cars with 

internal combustion engines, which, to this day, still represents the dominant 

technology in the area, thanks to the fact that, with low engine production costs, it 

offers high autonomy, high performance and practical and accessible distribution 

networks and services. 

The direction that will be mandatory to take will be, however, diametrically opposed to 

this, namely to move away from the traditional internal combustion engine and move 

closer to an engine that meets the standards imposed by governments, also because 

of the rules and regulations that all countries sign. 

The entry into force of the Kyoto Protocol in 2005, which drew attention to sustainability 

and alternative energies, and the UN forecasts on population growth (the world 

population by 2050 will be about 9.7 billion), have further accelerated the processes of 

development of sustainable mobility. 

In the United States, Europe and Asia (especially in China), i.e. the countries in which 

pollution levels are at their highest, environmental laws and regulations have been 

promulgated in relation to polluting gases. 

In the United States, emission standards are supervised at national level by the 

Environmental Protection Agency (EPA)41, but each state has the option of adopting 

 
41 US EPA. (2019). Laws & Regulations | US EPA. [online] Available at: 
https://www.epa.gov/laws-regulations 
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the standards imposed or imposing even stricter and more restrictive regulations, as 

in the case of California. The EPA has also established that by 2025 the standards 

should be even stricter. In 2017, the new ordinances set new standards that resulted 

in emissions from cars, commercial vehicles and public transport vehicles being 

significantly reduced, resulting in improved levels of air quality and the environment. 

This change in dispositions obviously has a major impact on the US transport market. 

Car manufacturers need to adapt their products so that they can be marketed in the 

United States. 

In Europe, due to differences in fuel prices from those in the United States, 

manufacturers also had to take action on the size and efficiency of engines for vehicles 

of all categories, whether for individual or collective transport. The automotive sector 

continues to have a more than significant impact on the environment, the European 

Parliament and the Council of the European Union have therefore provided for some 

dispositions related to exhaust emissions of vehicles marketed in the European Union. 

The European market for electric cars grew by 40% between 2016 and 201742. The 

largest European market and industrial shares are held by Norway, which is far ahead 

of all other top countries, and Germany. 

The situation is very different in China, where the government is implementing very 

effective and strict policies to reduce pollution. After 1979, the year in which the 

framework law on environmental protection was passed, the government passed a 

series of laws that have the function of preventing and controlling environmental 

pollution. Both from the industrial point of view, through assessments of the 

atmospheric environmental impact of the construction of new plants, and from the point 

of view of the gases produced by the means of transport that must be contained within 

certain standards. In 2016, limits were also introduced on fuel consumption, which 

 
 
42 European Commission - European Commission. (2019). Energy union and climate. [online] 
Available at: https://ec.europa.eu/commission/priorities/energy-union-and-
climate_en#documents 
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must not exceed 5.0L/100km for new vehicles sold in 202043. In 2018, the government 

approved a plan that should reduce air pollution by 202044. 

The Chinese government wants to be a global leader in the fight against climate 

change. 

China's commitment is also unequivocal in the automotive sector, where it has 

undoubtedly become a point of reference. The Chinese market for electric cars has in 

fact increased by 72% from 2016 to 2017. This increase is largely due to government 

subsidies and strict regulations that promote the purchase and use of electric vehicles. 

Despite the strong growth of the market the adoption rate is still quite low, only 2%, but 

despite this only Norway has surpassed China in McKinsey's latest overall EVI 

rankings45. 

 
Figure 20-21: China moves into the lead in global electric mobility 

   
Source: The global electric-vehicle market is amped up and on the rise. [online] McKinsey & Company 

 
43 Global Legal Research Center, Regulation of air Pollution, The Law Library of Congress 
June 2018, pp. 1-153. 
44 Zappa, M. (2018). Energy union and climate, Making energy more secure, affordable and 
sustainable. il fatto quotidiano. [online] Available at: 
https://www.ilfattoquotidiano.it/2018/07/20/cina-approvato-il-nuovo-piano-triennale-anti-
smog-e-lo-stop-ai-rifiuti-inguaia-il-giappone-invaso-dalla-plastica/4505710/ 
45 Hertzke, P., Muller, N., Schenk, S. and Wu, T. (2018). The global electric-vehicle market is 
amped up and on the rise. [online] McKinsey & Company. Available at: 
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/the-global-
electric-vehicle-market-is-amped-up-and-on-the-rise 
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Using the analysis made by McKinsey & Company about the rising of the global electric 

market, it can be seen that in a few years China has surpassed the United States and 

the European countries (except Norway) in terms of market and industry46. 

 

The market has grown thanks to increased sales, numerous and substantial 

government incentives, a wide variety of models and investments to make efficient 

distribution of charging systems in cities. From an industrial point of view, great 

progress has been made both in the production of electric vehicles and in the share of 

components. 

 

The current offer of green vehicles is various, consumers can choose between different 

types of propulsion depending on their needs: 

 

- Micro HEV: within this category of vehicles it is possible to distinguish two 

types of technology that allow these vehicles to be included in the family of 

hybrids even if the electric motor does not act as an engine. The first case is 

"Start&Stop" technology. This feature switches off the engine when the car is in 

the stop position and restarts it when you want to start driving again. The electric 

motor, in this case, has the sole function of supplying power to all the vehicle's 

electronic devices (car radio, air conditioning, power steering, etc.). The second 

type of technology is Brake Energy Regeneration (BER). In this case, during 

deceleration and stopping, the electric motor allows you to recover energy and 

recharge the batteries, the braking system must still be supplemented by a 

traditional braking system (mechanical). Both these technologies help to reduce 

consumption and therefore the levels of gas emitted by vehicles. 

 

- Mild HEV: In these vehicles a small electric motor is installed to support the 

internal combustion engine. This device is used during ignition, acceleration and 

restart. It also acts as a generator and uses BER and Start&Stop technology. In 

 
46 Hertzke, P., Muller, N., Schenk, S. and Wu, T. (2018). The global electric-vehicle market is 
amped up and on the rise. [online] McKinsey & Company. Available at: 
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/the-global-
electric-vehicle-market-is-amped-up-and-on-the-rise 
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this case it is possible to speak of a hybrid car because the electric motor, even 

if it is not able to move the vehicle autonomously, carries out a clear function of 

support to the internal combustion engine providing an additional thrust. By 

operating in phases where the combustion engine usually has the highest level 

of consumption, this electric motor helps to reduce the level of pollution 

produced. 

 

- Full HEV: these vehicles are real hybrids on which two engines are installed, 

an internal combustion engine and an electric traction engine. In this type of 

vehicle the electric motor therefore has a function that is no longer secondary 

but, in addition to exploiting all the technologies present in the micro and mild 

HEV models, in the phase of stopping and running at reduced speed, is 

autonomous and allows the vehicle to proceed without the need for the 

combustion engine that comes into action only when more power is needed. 

The two engines work synergistically, almost on an equal footing, reducing 

emissions as much as possible (for this category of vehicle). 

 

- PHEV: as for full HEV vehicles, also in this case the Plug-in Hybrid vehicles 

are equipped with an internal combustion engine and an electric traction motor. 

The main difference is that the batteries of these vehicles are much more 

powerful than those used on other types of vehicles and have the ability to be 

recharged via the home power supply or through special charging stations. As 

a result, these vehicles have a much greater electric range than full HEV 

vehicles, the need to use the internal combustion engine is also reduced. 

 

- BEV: Battery Electric Vehicles are pure electric vehicles; they are in fact 

without a combustion engine and fuel tank. The emissions of these vehicles are 

zero and the batteries are recharged, as in the case of PHEV vehicles, through 

the mains or charging stations. They have the advantage of being able to 

recover energy during braking but, despite this, the autonomy of these cars is 

determined by the initial state of charge of the battery. Among the electric 

vehicles there are some with "extended range". These vehicles, while remaining 
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completely electric, are equipped with a combustion engine that acts as a 

generator of stream in the event that the energy reserve of the batteries is 

exhausted. Working at constant speeds, pollution levels remain very low. 
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3.3 Public transports and electric engine 
 

The first public transport system was launched in France in 1662. Horse-drawn 

carriages, called omnibuses, capable of carrying a dozen or so people travelled the 

streets of Paris. Reserved for the nobility, this transport system quickly lost its 

popularity and was not heard from until 1826. In this year the omnibuses appeared 

again, and the streets of Paris were the first to see these vehicles circulating. At that 

time, however, the use was allowed to all the population and the capacity had 

increased, until reaching a maximum capacity of 42 passengers. Because of the price 

of the ticket that was not accessible to the lowest segment of the population, it was the 

middle class that benefited most from public transport, allowing it to survive. In the 

following years, some technological and infrastructural improvements led to lower 

operating costs, making the service accessible to all. 

Despite the rapid and widespread spread of animal traction soon turned out to be 

obsolete to deal with the different territorial morphologies and in San Francisco, an 

American city characterized by steep roads, Andrew Smith Hallidie in 1873 invented a 

rope traction system instead of the animal, which was soon abandoned because of the 

many accidents. 

It was the use of electricity that marked the first turning point. In 1881, American cities 

saw the appearance of the first trams, rail vehicles capable of carrying a large number 

of passengers and at low cost. The trams, driven by power lines, started the expansion 

of cities, which became the metropolis we know today.  

The Great Depression of the 1930s and the subsequent Second World War led to the 

decline of this transport system in favor of cheaper and more functional buses. 

The first steam-powered bus was patented in England by Julius Griffith in 1821. 

A few years later, in 1825, Gurney Goldsworthy patented a vehicle capable of carrying 

15 people at a speed of 24 km/h. Its efficiency, not very effective because of the low 

performance of the boiler, was improved a few years later by Walter Hancock who, 

moreover, with several vehicles, created numerous scheduled services. 

The competition with the railway system was beginning to worry the railway men who, 

thanks to the pretext of a fatal accident (1839), were able to obtain laws prohibiting the 

use of buses. 
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At the beginning of the 20th century, however, horse-drawn omnibuses began to look 

obsolete and three new and innovative solutions for public transport were being 

evaluated. These were buses that use three different types of propulsion: motor buses 

with internal combustion engines, steam buses and electric buses. The buses with the 

internal combustion engines began to circulate, but their lack of reliability, the great 

noise and the stench emitted by the exhaust made them fall into disgrace, so much so 

that the population continued to prefer old horse-drawn omnibuses. 

This opened up the doors for buses with the propulsion that we are still trying to 

develop today: the electric ones.  

These vehicles, thanks to the few parts subject to breakage, turned out to be much 

more reliable than the competitors. Moreover, they were silent, and, above all, they did 

not produce any type of gas emission. 

The manufacturing company was the "Electrobus" and, to cope with the low autonomy 

of its vehicles, just 60 km, had invented a system thanks to which lead batteries, which 

had a charging time of 8 hours, could be replaced in an equipped workshop in just 3 

minutes. 

On 15 July 1907 the first Electrobus was put into circulation and was immediately a 

great success. 

The Daily News and various engineers praised the vehicle and the technology it 

contained, arousing the interest of many British investors and Cherles Gould, an 

American entrepreneur who, in exchange for a future payment, agreed to provide the 

company with the batteries necessary to produce 300 electric buses. 

What didn't make the company successful was not an obsolete or inadequate 

technology, on the contrary, the Electrobus were more than avant-garde. However, the 

two founders of the company Edward Ernest Lehwess, a law graduate and expert in 

mechanics, and Eward Beall, a former lawyer already convicted of fraud, resulted 

interested in earning money and not in developing a new transportation system. It was 

soon discovered that not only did they not patent their invention, but they did not even 

invest the money they collected. 

Only three years after its appearance the company was declared bankrupt, the 

Electrobuses were sold as compensation to investors and disappeared from 

circulation. 
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Investments in this type of propulsion were abandoned and at the same time diesel 

buses, which had become more reliable and cheaper, returned to the forefront47.  

In the following years, however, with the spread of the car, thanks also to Henry Ford 

and "his" "Model T", the use of public transport suffered a decline that lasted until the 

'70s when the first concerns for environmental pollution began to emerge and there 

was a, albeit brief, move away from the car. 

Many people, because of the fact that they live in big cities without a sufficient number 

of parking spaces, a high cost of living, or because they can't afford a car they own, 

take advantage of public transport, which therefore has more than reason to stay 

active. To do this it needs to innovate and keep up with the times and government 

standards of the various countries. 

 

Today, the problems of environmental and economic sustainability have led to a great 

return to electric drive, as has happened in the private area. Not only has there been 

a rapprochement, but the public/collective transport sector and in particular the 

development of e-buses has far surpassed any other type of electric vehicle segment. 

Growth in this segment has been rapid and has even exceeded 100% since 2013. 

Moreover, the forecast is that in Europe there will be a complete update of buses 

(complete adoption of electric-powered vehicles) by 2030, thanks to a report of the 

European Commission that proposes this target. 

A strong boost is also given by the fact that municipalities and operators in the field are 

encouraged to invest in electrical innovation thanks to the possibility of receiving 

government subsidies, strong public demand and political pressure. Investments are 

very attractive, however, according to McKinsey's analysis, they will only begin to be 

profitable in terms of total cost of ownership (TCO) between electric and diesel buses 

after 2025. The lower TCO is a result of the lower cost per kilometer for running on 

electricity compared to diesel. The advantages of e buses are also found in the 

improvement of air quality, and in exhaust emissions. 

 
47 Codegoni, A. (2017). L'incredibile storia dei bus elettrici … di 100 anni fa | QualEnergia.it. 

[online] QualEnergia.it. Available at: https://www.qualenergia.it/articoli/20171015-incredibile-

storia-dei-bus-elettrici-di-100-anni-fa/ 
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Figure 22: cost of ownership parity between electric and diese vehicle 

 
Source:  The European electric bus market is charging ahead, but how will it develop?. [online] McKinsey & 

Company 

China once again proves to be the most advanced country, in fact, in addition to be 

the largest producer of buses in the world is also a leader in the market for e-buses. In 

2017, 90% of bus purchases in the Country were electrical. This means that of the 

97,000 buses sold, 87,000 are powered by an electric motor. Comparing these 

numbers with those of the European market, where there are 13,000 sales units, and 

those of North America, with only 500 units, it is easy to understand why China is 

undoubtedly the model to follow. 

According to the analysis made by the American consulting agency, the growth 

forecasts for Europe are positive, the number of electric vehicles dedicated to collective 

transport should grow by about 18% per year. 

Following the example of China, where about 300,000 e-buses are currently in 

circulation48, European governments are setting targets in order to make the change 

and adoption of e-buses faster. 

 
48 de Pee, A., Engel, H., Guldemond, M., Keizer, A. and van de Staaij, J. (2018). The 
European electric bus market is charging ahead, but how will it develop?. [online] McKinsey 
& Company. Available at: https://www.mckinsey.com/industries/oil-and-gas/our-insights/the-
european-electric-bus-market-is-charging-ahead-but-how-will-it-develop 
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The problem shifts now, not so much to the evaluation of the convenience or not of the 

ecological buses, but to the implementation of the infrastructures and the 

characteristics that these must have. 

The recharging of e-buses, in fact, cannot be structured like that of cars, or with public 

recharging stations scattered throughout the city. For this reason, two solutions have 

been evaluated: a night recharge, when the bus is in storage, and a recharge both day 

and night (opportunity recharge), however, this type of charging is not feasible for e-

buses for lack of technical and practical requirements, such as the need for a charger 

to be used at night in this case too. 

Despite the possible difficulties of managing the new technology, thanks to the fixed 

distances and routes of public transport, the spread of these means of transport will be 

rapid and large. 
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3.4 Investing in electricity 
 

The technological advances that have been and continue to be made in the automotive 

industry certainly suggest that the sector is profitable, and the investments are safe 

and remunerative. The direction that has been taken seems to be the right and current 

one, but is it really the pure electric propulsion and plug-in hybrid what to focus on? 

Are the benefits that this engine brings sufficient to solve the problem of air pollution, 

environmental and economic or just divert the problem to other shores? 

 

In the coming years, it has been estimated that investments in the development of 

green cars will be 10 times higher than in recent years, and China will once again be 

a major player. 

However, in this forecast of super-expansion of the electric car should not be 

overlooked all sectors that are involved in this apparently perfect evolutionary trend. 

The aforementioned “gold rush of precious metals”, essential for the production of 

batteries, has increased between 2016 and 2017 the price of nickel by 40% and tripled 

the price of cobalt, and the growth in demand will certainly rise prices even more49. It 

has been estimated that in 2022 the extraction capacity of Cobalt will be lower than 

the demand for it, and in 2030 the same will be for Nickel. Studies in this field are trying 

to solve the problem, mainly by going down the road of battery reuse. Research is still 

in its infancy and the recycling of components such as nickel and cobalt require very 

complex methodologies. An alternative seems to be that of all-solid-state battery cells; 

these accumulators have not yet been installed on any type of vehicle but it has been 

shown that they can have greater and faster cycles of charge and, more importantly, 

do not require the use of cobalt derivatives, this makes them more sustainable and 

facilitates their disposal. 

It is certain, however, that as far as the production of batteries will require rare metals, 

the exploitation of countries that own these resources would be maximum with a 

consequent industrial activity that would be anything but ecological. 

 
49 del Viscovo, P. (2018). Auto elettriche, gli investimenti aumentano di 10 volte. ilsole24ore. 
[online] Available at: https://www.ilsole24ore.com/art/auto-elettriche-investimenti-aumentano-
10-volte-AEWFmigF 
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The production of electricity is certainly not an ecological activity. Of course, the gas 

emissions produced by cars that use the propulsion derived from energy accumulators 

are zero or almost, but to get to have the energy needed to power these "futuristic" 

means of transport, fossil fuels are still dominating in power generation. The processes 

of coal mining, its transport, its processing, the extraction of oil to produce fuel oil or 

even the extraction and liquefaction of gas have an undisputed negative environmental 

impact (and economic). 

In a nutshell, if the production of batteries requires the use of fossil fuels or sources 

that have a negative environmental impact, the benefit that comes from the use of 

electric cars is limited to the area in which they are used but the problem of global 

warming and pollution caused by production activities upstream remains. The solution 

would be to produce electricity from renewable sources, but the problem is that 

investing in the infrastructure dedicated to this purpose would require substantial 

investment of money by countries that do not exploit this type of sources. 

For example, in Italy, the necessary investments in wind or photovoltaic energy, in 

order to meet the demand of the national car park (if it were hypothetically completely 

electric), would be about €300 billion in 300,000 wind turbines or €3000 billion in 

photovoltaic systems50. 

According to an analysis made by Bloomberg, in Germany, in which 30% of energy is 

produced by renewable sources, an electric vehicle (green) would take more than 10 

years to break even with an efficient combustion engine's emissions (black)51. 

 

 
50 Battaglia, F. (2018). L’utopia dell’auto elettrica - Pagina 2 di 2 - Franco Battaglia. [online] 
Nicola Porro. Available at: https://www.nicolaporro.it/lutopia-dellauto-elettrica/2/ 
51 Rolander, N., Starn, J. and Behrmann, E. (2019). Bloomberg - Are you a robot?. [online] 
Bloomberg.com. Available at: https://www.bloomberg.com/news/articles/2018-10-16/the-dirt-
on-clean-electric-cars 
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Figure 23: Tons of CO" emitted from cars driven 15,0000 km/year 

 
Source: Berylls Strategy Advisor 

 

To understand whether the electric car market will be the one of the futures, it is 

therefore essential to understand whether this type of innovation actually brings the 

benefits that are expected. 

The mix of electricity production has a huge influence on the impact these cars have 

on climate change, health, pollution and the ecosystem. 

It is important to note that greenhouse gas emissions during the use and production of 

vehicles, whether they are internal combustion or electric, should be considered as 

unique. Electric vehicles have far lower emissions than internal combustion vehicles, 

but at the production stage, emissions are almost twice as high as those recorded 

during the production of "traditional" vehicles. However, these emissions depend on 

the sources used to produce the batteries. The level of pollution produced when 

batteries are produced through the use of coal is much higher when compared to the 

production of internal combustion cars. If renewable sources, such as wind power, are 

used, emissions are drastically reduced to a value that is 90% lower than for vehicles 

using conventional engines52. Another factor that increases gas emissions during the 

production phase is the distance between the mining, processing and battery 

production sites. A reduction in this would also reduce greenhouse gas emissions. 

 
52 Iea.org. (2019). IEA webstore. [online] Available at: https://www.iea.org/publications, fuel 
and energy carriers for transportation, 2019 
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One factor that still cannot be compared to endothermic-powered cars is life mileage. 

In order to obtain a real advantage for electric vehicles in terms of saving emissions, it 

will be necessary to increase the mileage of battery life, i.e. the maximum amount of 

km that a battery can withstand during its total life cycle, in fact, the higher the mileage, 

the greater the saving in emissions.  

In order not to lose the advantage the batteries, however, will not have to be charged 

with electricity derived from coal, because of the gas emissions resulting from the 

extraction, processing and transport of the latter. 

In conclusion, electric vehicles offer great opportunities for progress and improvement 

of the quality of life and reduction of pollution, but choices must be made in terms of 

design, use and recycling of materials and energy sources. 

Progress in the production of batteries and their life cycle is necessary and 

fundamental, so that this technology that comes from the past, which made room for 

the endothermic engine, can resume and maybe become part of the solution to current 

sustainability problems. 
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3.5 Need for a new type of energy source? 

3.5.1 Hydrogen vehicles 
 
The electrification of motor vehicles is undoubtedly on the rise, car manufacturers are 

investing large sums of money in the development of this technology. Despite this, the 

car market is far from being defined at a turning point. What is holding back the large-

scale expansion of this type of vehicle is the still low range of the vehicles, the long 

recharging times and the far from widespread spread of recharging stations in most 

cities, without taking into account the higher cost compared to vehicles with internal 

combustion engines. Of course, the progress has been enormous and the technology 

(old but new) is constantly and rapidly evolving, but, perhaps, it is not this technology 

that will make possible the transition from the internal combustion engine to a different 

power train at a global level. 

Another source of energy, in fact, is receiving more and more interest from car 

manufacturers, hydrogen. 

In 2015, during COP21 (Conference Of Paris), an annual forum on sustainable 

innovation, 195 countries set the goal of keeping global warming at a level 2 degrees 

Celsius below pre-industrial levels. In order for this objective to be achieved, countries 

will have to reduce the CO2 emissions produced by energy by 60% by 2050, despite 

continued population growth. A radical change in energy supply systems from fossil 

fuel production to renewable energy production is therefore mandatory53. 

In 2017, during the COP23 in Bonn, a consortium of 18 companies in the automotive, 

oil and gas, industrial gas and equipment sectors, called the Hydrogen Consortium, 

presented hydrogen as a solution to achieve the objectives set during COP21. 

According to the Council, the use of hydrogen could contribute about one fifth of the 

total need to reduce the level of overheating by 2050. 

Hydrogen can be obtained by processes with a low environmental impact and its use 

plays different roles (7 according to McKinsey) in the transformation of energy, from 

the base of the energy system to the decarbonization of the final applications.  

 
53 Heid, B., Linder, M., Orthofer, A. and Wilthaner, M. (2017). Hydrogen: The next wave for 
electric vehicles?. [online] McKinsey & Company. Available at: 
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/hydrogen-the-
next-wave-for-electric-vehicles 
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Figure 24: Roles of Hydrogen in the energy transition 

 
Source:  Hydrogen: The next wave for electric vehicles?. [online] McKinsey & Company 

 

With hydrogen it is possible to store energy for a long period of time giving the 

possibility to distribute energy between regions and seasons, thus helping to increase 

the ability to adapt to different conditions that may occur in different energy systems. 

Hydrogen can also be used as a supplementary source to produce heat and energy 

often needed in industry. This gas, in fact, after being processed, allows to decarbonize 

industrial processes that require high levels of heat and which electrification is 

complex. 

Decarbonization processes are also fundamental in the processes of creating heat and 

electricity in buildings. Hydrogen, in this case, could be adopted as a source of power 

transportation exploiting existing infrastructure, reducing decarbonization. 

As the gas could be employed as a raw material together with carbon and as a reducing 

agent for iron, it would be useful to produce clean chemicals and steel, decarbonizing 

the use of gas as a raw material in industry. 

Clearly, the adoption of hydrogen can also have implications in the transport sector. 

As seen above, the current transport field is almost entirely dependent on fossil fuels 

and this leads to a high level of CO2 emissions. 
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According to the Hydrogen Council, the use of hydrogen in order to achieve the 

objective set by COP21 is essential and a large part of the demand for this gas could 

come from the automotive sector. According to their forecasts, in fact, hydrogen-

powered vehicles could reach a share of 20% by 2050. Involvement in the transition to 

this type of propulsion would affect practically all the transport areas, from cars to 

locomotives and heavy goods vehicles, with an estimated consumption of 20 million 

barrels of oil less per day. 
Figure 25: Hydrogen adoption 

 
Source:  Hydrogen: The next wave for electric vehicles?. [online] McKinsey & Company 

 

Hydrogen power is already part of our present. In Japan, South Korea, the United 

States (California) and Germany, the automotive industry already offers citizens the 

opportunity to buy fuel cell (hydrogen) vehicles. 

 At the moment there are only three models on the market, offered by the car 

manufacturers Toyota (Mirai), Honda (Clarity) and Hyundai (Tucson), but by 2020 it is 

planned to market another 10 models. 

The sectors most likely to welcome this technology more easily in the near future and 

which will consequently record the highest number of sales will be those of the services 

of car sharing and taxis and public transports but also in the private transportation it is 

taking off, and producers are increasingly aware that this will be, probably, the road to 

take. 

 

The hydrogen engine is a machine that is able to transform the chemical energy of 

hydrogen into mechanical energy. This happens through a process through which the 
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hydrogen reacts with oxygen and produces electrical energy, necessary to move the 

vehicle. 

Currently there are two types of hydrogen engines54: 

 

- HICEV (Hydrogen Internal Combustion Engine Vehicle): hydrogen is burned and 

generates a combustion that causes the engine to receive power, as in the case of 

internal combustion engines. This is not a sustainable solution because the hydrogen 

combustion process produces large amounts of CO2 and other harmful waste that is 

released into the air. 

 

- FCEV (Fuel Cell Electric 

Vehicle): hydrogen reacts with 

oxygen: this reaction, which 

takes place in a fuel cell, 

produces energy. The energy 

produced and stored is used to 

power the engine. 

This type of hydrogen engine, 

which does not produce 

pollutants but only water vapor and heat, is certainly the sustainable solution that we 

are looking for and, of course, the one to focus on. 

 

The sustainable hydrogen revolution, however, is not so immediate. Hydrogen is not 

naturally found in nature and this makes it necessary to produce it. Hydrogen 

production is possible through both renewable and non-renewable sources, but both 

of these solutions have advantages and disadvantages. 

In the first case, the use of renewable energy involves a loss of 20 to 30% of the energy 

due to the use of electrolysis or thermolysis processes that require large amounts of 

energy during the process of hydrogen separation. If, on the other hand, fossil fuels 

 
54 Heid, B., Linder, M., Orthofer, A. and Wilthaner, M. (2017). Hydrogen: The next wave for 
electric vehicles?. [online] McKinsey & Company. Available at: 
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/hydrogen-the-
next-wave-for-electric-vehicles 

Source: DriveK. (2018). Auto a idrogeno: tutto quello che c'è da sapere 

Figure 26: Operation Fuel Cell Electric Vehicle 
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are used, the advantage in the use of natural gas would be lost as harmful gases would 

be emitted during the entire production of this gas. 

One solution seems to be to create micro-refineries close to petrol pumps, but this 

would create problems in the application of economies of scale. Another solution would 

be to transport hydrogen directly from the production site but in this case the costs 

would rise and, moreover, more pollution would be produced. 

The difficulties that need to be addressed are therefore not few, and it is still not clear 

whether investing in the development of this technology would bring more benefits or 

more disadvantages. 

The advantages that a hydrogen vehicle can easily offer are both at a purely practical 

level and, of course, at an environmental level. From a practical point of view, hydrogen 

vehicles offer much shorter charging times than lithium-ion battery vehicles. In just a 

few minutes, it is possible to fully charge hydrogen, unlike battery-powered vehicles 

which take hours to charge 100%. The range that fuel cell vehicles guarantee is about 

1000km with a full tank of hydrogen, unlike most of the competitors’ engines who 

guarantee much less (between 500 and 600km). Moreover, as mentioned before, the 

pollution produced by this type of vehicle is zero. What is more important is that 

hydrogen is a resource for which no depletion is expected, always available (through 

extraction methods), unlike the minerals needed for the construction of lithium 

batteries, which, as we have already seen, are destined to deplete. 

However, there are certainly no less limits that are still linked to this technology today. 

The first and most obvious factor that hinders the spread of the hydrogen engine, as 

well as for battery or hybrid cars, is the absence of refueling stations. In Italy, for 

example, the only active refueling station is in Bolzano. This is due not only to the cost, 

but also to the difficulties of storing the gas.  

In order to sustain a large diffusion, the interventions on the existing infrastructures 

should be enormous. Another limit is certainly the price at which hydrogen cars are 

offered on the market, which is certainly not accessible to the masses. 

 

I believe that hydrogen propulsion technology is the real future for transport. Lithium-

ion battery vehicles are certainly the technology that will characterize our closest 

future, progress in this field is evident and continuous but I think that the future of these 
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cars will be "short". If we consider the fact that consumers, despite the fact that they 

have the possibility to buy several car models, from different brands and different 

segments of cars, are still reluctant to face this transition, it is possible to understand 

that when will be offered an alternative really comparable to internal combustion engine 

cars, in terms of performance, refueling and price, the transition will be natural. 

Battery-powered vehicles are therefore an "obligatory" step to reach what will then be 

the final destination. 

It is no coincidence that the biggest car manufacturers such as Mercedes, Audi, BMW, 

Hyundai, Honda and, first and foremost, Toyota are investing in this technology. 

In Italy Toyota has even started a collaboration with Eni, which will hopefully lead to 

the spread of hydrogen charging stations in the country. 

The time needed will not be short, and I believe that, as regards the private transport 

sector, given the time needed for the spread of electric cars, or at least those necessary 

for the spread of charging stations in the various countries, the forecasts on the spread 

of technology are too optimistic, even if trains have already been inaugurated with 

hydrogen propulsion (in Germany) and several buses with the same technology are 

already circulating in different countries. 

The slowdown in the spread will, however, be linked to a human and technological 

obstacle, the real challenge will be to create a product that leads to a change of 

mentality and general spread. 
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CHAPTER 4: New trends in the automotive sector: Development of 
new types of cars 

After the electric car, new market trends are linked to functionality, which represents 

an ongoing challenge for OEMs in the industry. New customers want to buy services, 

no longer products, want to be protagonists and are at the center of the product life 

cycle. Manufacturers know this and are adapting their strategies to satisfy increasingly 

demanding, up-to-date and connected consumers. Connected cars, shared cars and 

self-driving cars are the themes that drive the current market. 

 

4.1 Connected cars 
 

An important innovation that this year (2019) is taking off is the 5G technology. The 

term 5G refers to the fifth-generation technology in the field of data transmission. This 

new line of communication allows devices to communicate, connect and exchange 

information at an unprecedented speed. 

One of the areas of the network that will benefit most from the introduction of this super 

speed will be the so-called "Internet of Things" (IoT). 

With this new use of the network, the objects, those that obviously have the 

characteristics to do so, will be able to communicate their data and acquire the data 

transmitted by the other objects, thus creating a network of information that involves 

many more sectors than we can imagine, from the medical field to the sports field, from 

the private to the public. Objects become somehow active and take part in people's 

lives. 

Among these "smart objects" there are also cars. 

A study carried out by Orbis Research has allowed the research structure 

Autopromotec to estimate that by 2025 the market for connected cars will have a 

turnover of 274.7 billion euros. This means that compared to 2019, when the turnover 

was about 91 billion, the increase will be 202%55.  

 
55 Paganoni, G. (2019). auto connesse: un mercato di 270 miliardi di euro. ilsole24ore. 
[online] Available at: https://www.ilsole24ore.com/art/auto-connesse-mercato-270-miliardi-
euro-ACaxpWC?refresh_ce=1 
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Figure 27: Global connected car market growth forecasts 

 
Source: elaborazione Osservatorio Autopromotec su dati Orbis Research 

 
A connected car is a vehicle that communicates with the outside world and can improve 

the driving experience of consumers in terms of comfort and convenience. It is also 

able to improve its operation and schedule its maintenance.  

What is crucial to understand is that the introduction of connectivity in the automotive 

sector not only involves car manufacturers and their products but also has an effect on 

the entire ecosystem and its actors. 

According to a research by McKinsey, those in charge of the automotive industry agree 

that their way of creating distribution and collecting value is changing as digital 

technology changes and has become an integral part of their products. 

New cars can connect to the outside world without the need for external devices; they 

can offer connected navigation that adapts to traffic, weather or road conditions, or 

driver preferences. Vehicles can find available parking spaces, exchange information 

with other vehicles (V2V) or with surrounding infrastructure (V2I). 

Manufacturers need to adapt to this change in order to meet the needs of consumers 

who are increasingly inclined to choose new products based on whether these 

characteristics are present or not. 

China, with the world's largest car market, is leading this trend; more than half of users 

believe that connectivity in cars has become a key issue and one that cannot be 

renounced. But it's not like that everywhere; in Germany, for example, only 20% of 

customers would change their trusted manufacturer if a competitor (even if among their 
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favorites) offered superior connectivity functions. Of course, there are also variations 

linked to the age of the respondents. 

 
Figure 28: Customer willingness to switch manufacturer varies signifivantly by country, brand, age, and city size 

 
Source: Competing for the connected customer – perspectives on the opportunities created by car connectivity 

and automation, McKinsey & Company 

 
The ease with which connectivity is integrating with automotive products is certainly 

linked to the fact that new generations, but also the previous one, live connected to the 

network and being aware of this demand that the products they buy do the same. To 

achieve this, they are willing to share some personal data, of course, for the use of 

navigation and mobility tools. 

 

The operators involved in this evolution become undoubtedly many and completely 

different from each other, McKinsey has hypothesized what could be the business 

models that could be developed by 2025:  
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Figure 29: Novel services and functionalities 

56 
Source: Competing for the connected customer – perspectives on the opportunities created by car connectivity 

and automation, McKinsey & Company 

 

The key to the success of connectivity will be the necessary cooperation between all 

the different providers, car manufacturers, service providers, infrastructure providers, 

 
56 McKinsey & Company, Competing for the connected customer – perspectives on the 
opportunities created by car connectivity and automation, McKinsey & Company, Sep 2015. 
pp. 1-46 
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insurers, etc., in order to ensure that the connectivity is successful. Differentiation will 

be the key to success. 

Car manufacturers can focus on offering two types of services, one data-based and 

one data-based driving functionality. 

In the first case, there are two types of convenience due to the connection: one related 

to driving, through which it is possible, for example, to identify free parking spaces, 

take advantage of connected navigation, obtain personalized car insurance, access to 

after-sales services and other advantages; the other is given by the possibility to take 

advantage of services that the user already uses outside the car, such as surfing the 

net, using social media or messaging services. The ability to use this kind of comfort 

helps the driver to stay more focused on driving and to get distracted with other 

technological devices, due to the fact that the user can control all these things from the 

car’ screen. 

The second case is related to the automation of processes that a car can perform 

through the data that receives from other vehicles and the surrounding infrastructure, 

for example, the car receiving data of various types like speed or distance, can support 

the driver with preventive safety systems. 

In order to contrast the competition, manufacturers need to adapt and renew their 

business models to withstand innovation. Collaboration between different car OEMs 

with different stakeholders would help not only the Companies themselves but also the 

spread of the connected car. The exchange of data would become such as to allow 

drivers to update practically in real time on everything, traffic conditions, weather, road 

conditions, etc. 

However, connections between vehicles alone are not enough, but progress must be 

made at every level of the infrastructure of the cities and the territory.  To make sure 

that the technology works, and functions at its best, it is necessary to create real "smart 

cities" in which everything is connected through the network, and almost certainly this 

will be possible through 5G technology. 
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4.2 Shared mobility 
 

Not only are cars changing in their propulsion and in the technology on offer, but what 

is changing is also the mindset of consumers. Users, thanks to the evolution in 

transport that we are experiencing, are reassessing cars from means of transport to 

means of entertainment and see their role shift from being that of the driver to that of 

the passenger. 

The unbridled interest and need to own their own car are transformed into the need to 

use and search for convenience, paving the way for the carsharing market. 

Shared mobility is also promoted by institutions that rightly consider it very useful for 

solving problems related to quality of life and sustainability. Shared vehicles are in fact 

a useful means of reducing environmental problems, a shared car replaces up to 9 

cars owned57, with a consequent reduction in pollution and traffic. 

The fact that carsharing is a growing phenomenon is undeniable and is highlighted by 

the fact that some of the major automotive OEMs are involved, both with entirely in-

house projects, such as Daimler (“car2go”), and with joint ventures, such as BMW & 

SIXT (“driveNow!”) (the two competitors, Daimler and BMW, joined in 2019 creating 

the “Share Now” service). 

The variety of business models on the market are able to satisfy different types of 

customers depending on their use of car sharing. There are customers who do not 

have their own car and therefore use shared cars as the only solution, other customers 

may be those who want to stop using their own car and still others are those who use 

car sharing services in addition to using their own vehicles. 

 
57 Monitor Deloitte, Nuova mobilità: impatti ed opportunità per gli attori coinvolti, Deloitte. 
2018. pp. 1-4. 
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Figure 30: Classification of car sharing among existing mobility concepts 

58 
Source: Car Sharing in Europe: Business Models, National Variations and Upcoming Disruptions, Deloitte 

 
Begun in the United States, the phenomenon of car sharing has rapidly spread 

throughout the world, and Europe, with 50% of the world's population, represents a 

market with great potential. 

In fact, it is no coincidence that the car manufacturers owning Share Now have already 

invested, and are therefore present with their sharing service, in Europe, as well as in 

the United States and Asia. 

There are essentially three main types of car sharing59: 

 

- Free-floating: this model, offering great flexibility, is positioned at the same 

level as taxis and services such as Uber, Lyft and mytaxi. This type of service 

is relatively new (5 years) and this underlines the fact that it is part of a rapidly 

growing market. If you want to use the service, you can pick up and drop off 

your vehicle anywhere in the country. Customers use the shared cars to make 

short one-way journeys mainly in urban areas. Prices are generally higher than 

for other types of services and are calculated on the basis of the time the vehicle 

is in use. This business model requires cooperation with the authorities where 

it is available so as to ensure access to city centers and that there are no 

restrictions on parking. The services offered by Share Now are part of this 

 
58 Monitor Deloitte, Nuova mobilità: impatti ed opportunità per gli attori coinvolti, Deloitte. 
2018. pp. 1-4. 
59 Monitor Deloitte, Car Sharing in Europe: Business Models, National Variations and 
Upcoming Disruptions, Deloitte, 2017. pp. 1-8. 
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category, and this offers the advantage to OEM owners to use these channels 

as vehicles to promote and advertise their products, they can also get useful 

information from consumers. 

 

- Stationary: The stationary model is used in cases where users need to travel 

longer distances and do not want to use their car or a rental. 

This type of service appeared more than twenty years ago and is based on a 

system of fixed stations where customers can collect and deposit vehicles. The 

advantage over the previous model is, in addition to the possibility of a longer 

rental period, also the wide choice of models and brands of cars offered to 

consumers. Stationary suppliers are generally local and are subsidized either 

by public bodies or private investors; they are rarely financed by industry OEMs. 

One case, however, is that of Volkswagen, which entered the market by 

acquiring 60% of Greenwheels, the largest carsharing company operating in the 

Netherlands and Germany. 

 

- Peer to peer: In this model, individuals make their cars available to other users 

via an electronic platform. The car is available to customers at a certain location 

and must be brought back to the same place at the end of the period of use.  

Thanks to the multitude of user’s, customers have at their disposal a wide 

variety of options in terms of brands and models of vehicles. This sharing 

system is on the rise due to the increasing number of users and especially 

financial investors. Unlike "standard" sharing models operating globally, the 

P2P system operates in only one country, such as Turo in the United States and 

iCarsclub in Singapore. 

 

It is easy to imagine that only those who use carsharing services or the companies that 

provide them get the benefits. Instead, car manufacturers can also get a great 

advantage; the contact with customers using shared mobility services is maximum. 

It is the customers who drive market trends and manufacturers must be prepared to 

gather as much information as possible to satisfy existing customers and facilitate 

access to new groups. 
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Sharing services enable OEMs to test new technologies not only from a technical but 

also from a "human" point of view, by analyzing consumer preferences. 

Carsharing is the most direct way of attracting customers who are increasingly involved 

in changing their perspective about electric, shared and self-driving mobility. 

Cooperation between manufacturers in the automotive sector and sharing platforms 

is, therefore, another useful way of developing vehicle technology, infrastructure and, 

above all, the very concept of mobility60. 

 
60 Cornet A., Mohr D., Weig F., Zerlin B., Hein A., Mobility of the future: opportunities for 
automotive OEMs, McKinsey & Company, 2012. pp.1-20 



 
74 
 
 

4.3 Autonomous vehicle 
 

Electric, connected and shared, but why not also self-guided? 

This is the real future of the automotive sector. Above all thanks to the arrival of 

connected cars on the market the reality of self-driving cars is getting closer and closer. 

Of course, it hasn't already arrived, but from five to ten years, vehicles with this 

technology will dominate the market. 

In my opinion, it is very likely that the arrival on the global market of these cars, which 

hide in plain sight an unprecedented innovation, brings with it a huge risk of failure for 

those companies which will not be able to keep up with the evolutionary pace. The 

costs are very high and the adaptation processes certainly not short, but the direction 

that has been taken is clear, transport will "soon" be self-guided. Along with the 

vehicles, the whole surrounding environment must also evolve and certainly 5G 

technology will play a fundamental role in this, but also obstacles of a behavioral, 

ethical, regulatory and legal nature must be overcome, which could be the cause of a 

slowdown in the innovation process. 

The Society of Automotive Engineers (SAE), a standards body in the aerospace, 

automotive and vehicle industries, has defined the five levels through which it is 

possible to subdivide the different types of autonomous vehicles61: 
Figure 31: Levels of Autonomous Vehicle 

62 
Source: Self-driving car technology: When will the robots hit the road?, McKinsey & Company 

 
61 Sae.org. (2019). [online] Available at: https://www.sae.org/about/ 
62 Heineke K., Kampshoff P., Mkrtchyan A., Shao E., Self-driving car technology: When will 
the robots hit the road?, McKinsey & Company 2017. pp. 1-11. 
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The first kind of vehicles that can be considered autonomous are those that have an 

ADAS system, i.e. an advanced driver assistance system. This technology was 

introduced in the luxury car market in the early 2010s and was then also introduced in 

the mass market. The ADAS provides options such as emergency braking, backup 

cameras, automatic parking systems, etc. 

The fall in price and willingness to pay on the part of customers (a survey carried out 

by McKinsey revealed that consumers are willing to spend from $500 to $2500 to have 

these options)63 has meant that many manufacturers in the automotive sector also 

offer these systems for mid-range vehicles and not only for luxury ones. 

Clearly, the spread of ADAS has meant that other features could be developed, such 

as, for example, self-steering cars and vehicles that accelerate and brake 

independently. Progress has also been made in the transport sector (both commercial 

and public) in terms of assisted parking and impact reduction in the event of imminent 

collisions. 

It should be borne in mind that the driver assistance system does not replace the driver 

of the car but helps him to drive the vehicle in certain situations (these technologies 

have also been installed in private cars). 

It is currently possible to purchase vehicles with level 3 of automation (SAE), which is 

a system that still requires human intervention for its operation, but some 

manufacturers are already developing the technology necessary for the production of 

cars at level 4 that can support a fully automatic driving (Elon Musk, owner of Tesla, 

Inc. said he would put into production cars at level 4 already at the end of 2019). The 

main problem is that although this technology is ready to be tested and requires large 

infrastructure interventions, vehicle operating systems must be able to intervene in all 

situations that may arise. Engineers at car manufacturers also face geofencing 

problems.  

Geofencing is a technological system that allows to create a virtual perimeter around 

mobile devices and allows you to track all the movements of registered users. This 

technology has the advantage of being able to locate the device even when it is on the 

move allowing other users to know the exact location of each connected device. It is 

 
63 Heineke K., Kampshoff P., Mkrtchyan A., Shao E., Self-driving car technology: When will 
the robots hit the road?, McKinsey & Company 2017. pp. 1-11. 
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easy to see that, thanks to the "connection" of the cars, this system can be applied to 

products in the sector, making “life” easy for self-driving vehicles that receive 

increasingly detailed information, not to mention the possibilities of controlling your 

vehicle in terms of location (available 24/7)64. 

However, there is a problem with privacy. With an inherent difficulty in anonymizing 

location data, people's attitudes have to be taken into account and they vary according 

to their country of origin. In Europe there is a higher level of protection and information 

than, for example, in Asian countries where consumers are willing to make mass use 

of this technology, while in the United States the new generations seem to be more 

willing to share their data than their parents. 

Despite the fact that geo-localization is more than useful for the development of 

autonomous cars, the risks associated with cyber security are many. In addition to 

obtaining personal information, those interested could also intervene on the 

mechanical parts of the vehicle (for example, by blocking the brakes). 

The introduction on the market of SAE 4 or even 5 level vehicles will require total 

connectivity but also maximum operation in any environment, mapped or not, in roads 

with or without defined lanes or with significant characteristics. Cars of this type will 

have to be able to travel without road signs, imperfect road surfaces (e.g. snow), detect 

moving vehicles or objects of any kind. 

Another major obstacle for autonomous vehicles is that they will have to interact both 

with vehicles of the same type and with human-driven vehicles and without GPS 

sensors, with a consequent limitation in the flow of data. 

It is essential to carry out meticulous research for development, especially with regard 

to the recognition of the surrounding environment by autonomous vehicles that must 

be able to distinguish all types of things, during the day, the night and in adverse 

conditions. They must be able to act by evaluating the different scenarios that present 

themselves to them as a human being would, or almost. 

 
64 Zanotti, L. (2019). Geofencing: a cosa serve e perché aiuta a incrementare la sicurezza del 
BYOD | ZeroUno. [online] ZeroUno. Available at: 
https://www.zerounoweb.it/techtarget/searchdatacenter/geofencing-a-cosa-serve-e-perche-
aiuta-a-incrementare-la-sicurezza-del-byod 
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As we have seen before, China has one of the most flourishing markets for the 

automotive sector and also with regard to self-driven cars is proving to be ready to play 

a leading role.  

According to an analysis made by McKinsey65, the adoption rates of self-driven 

vehicles will be so high that the use of these will be 24/7, without affecting labor costs 

(no driver). Buses, commercial vehicles, robot-taxi and private cars will be the 

protagonists on Chinese roads, starting a growth of the services market more than the 

products one, with customers more and more willing to pay for the use rather than for 

the property. The mass diffusion has been expected in about ten years. 

By 2040, about 40% of the Chinese market could be represented by self-driven 

vehicles, becoming the largest and generating revenues of about two trillion dollars. 

 
Figure 32: estimate of kilometers travelled by an autonomous vehicle 

 
Source: Self-driving car technology: When will the robots hit the road?, McKinsey & Company 

 

The increase in cars’ number undoubtedly causes a rise in congestion and pollution. 

Already in 2009 the Chinese car market has recorded levels of 70% higher than the 

American one, with the introduction of autonomous vehicles will be crucial to reduce 

the number of that on the road, through shared means, and pollution levels with the 

use of electric or hydrogen cars. 

 
65 The paragraph is maily based on: Pizzuto L., Thomas C., Wang A., Wu T., How china will 
help fuel the revolution in autonomous vehicles, McKinsey & Company, Jan 2019. pp.1-13. 
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Unlike traditional cars, a self-driven vehicle bases its creation on the development of 

high-level technological aspects. The elements under development have been 

presented by McKinsey in the following table, all of that need maximum integration, 

reliability and safety to ensure the possibility of mass production. 

 
Figure 33: Structure of an autonomous vehicle 

 
Source: Self-driving car technology: When will the robots hit the road?, McKinsey & Company 

 

The development of the Chinese electronic platform will be of fundamental importance 

for OEMs in the automotive sector because, despite the many differences it may 

present in terms of adaptability to their country and market, it will be a primal starting 

point for global solutions. In addition, the standardization of operating and 

technological systems would also benefit Chinese operators, especially those who do 

not have sufficient resources. 
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The market strategies of manufacturers need to be reassessed now because, although 

the advent of self-driving cars is expected within ten years, R&D investments must be 

made in the short term. The Chinese market offers the greatest opportunities for 

technological development and product development that it is essential not to be 

missed.  
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CONCLUSIONS 

In this thesis I wanted to analyze what has been the evolution of the automotive sector. 

From its inception to the present day, the car has always been at the heart of the 

innovation process. Every "update" has led not only to a change in human habits but 

also to the need to adapt a supply chain that involves a very heterogeneous series of 

actors. 

As highlighted in the previous chapters through historical analysis, if in the past 

endogenous progress affected livestock breeders, railwaymen and public transport 

companies who were forced to adapt or leave the market finding themselves powerless 

in the face of the novelty introduced by the desire for success of small entrepreneurs, 

today innovation is rather forced by external factors and requires and needs 

collaboration from different actors.  

In my thesis I wanted to analyze, in addition to the actual trends of the automotive 

market, especially the different types of impact, environmental, on the production 

chain, etc.., related to the production and marketing of electric vehicles. 

The aspect that most of all drives innovation in the sector is the global climate change 

that is characterizing our planet and that in recent years is becoming increasingly 

evident. Greenhouse gas emissions from cars have a devastating effect on the 

environment, so we are trying to push on the production and mass adoption of electric 

vehicles. What is not said, however, is that the production processes of electrical 

energy affect the entire life cycle of the product. The production of batteries involves a 

level of pollution equal to, if not higher, than that produced by vehicles with combustion 

engines. The only solution would be to produce energy from renewable sources in 

such a way as to reduce greenhouse gas emissions at this stage of the life cycle. 

However, the cost of adapting production facilities is not insignificant. 

At present, battery production has serious effects on human health; working conditions, 

safety and waste disposal at mineral extraction sites for production are often 

substandard. Toxicity and pollution levels are at a very high level. 

This creates an absurd paradox in which urbanized areas try to lower the levels of 

pollution and consequently increase the quality of air and quality of life, to the detriment 

of mining and production areas where pollution compensates for the levels of 

"sanitized" areas. 
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Electric vehicles, be they fully electric or hydrogen or hybrids, offer sensational 

opportunities to reduce pollution, however, to ensure that the benefits can be enjoyed 

by all, changes must be made throughout the supply chain. 

At the design level, solutions such as the standardization of battery production would 

make it easier to recycle batteries and, in addition, reduce the amount of material 

needed during the production phase.  

The spread of shared mobility, one of the actual trends together with the self-driving 

and connected car, could make a fundamental contribution to bringing society towards 

sustainable mobility. OEMs could test their vehicles and at the same time consumers 

would approach this type of propulsion. This would also be beneficial in terms of 

technological progress, with the possibility of testing ever lighter and more energy-

efficient batteries, thus improving vehicle efficiency, and also in terms of public 

transport. 

In summary, the general forecast is that electric vehicles will be the future of the 

transport system and this will have a strong environmental impact. 

Continued progress in the area of private and public mobility will make this type of 

mobility increasingly effective and efficient. 

As stated at the beginning of the thesis, the introduction of radical innovation has a 

strong impact on the whole sector architecture. In our case, what is fundamental is not 

to analyze electric vehicles as single vehicles but as systems that involve an entire 

production chain. 

Today, as in history, there are many players involved and, despite the need for general 

adaptation, progress is inevitable. 

We have seen how also in the case of the Veronese inventor of the car with combustion 

engine Enrico Zeno Bernardi, presented in the paper, the resistance to innovation on 

the part of the conservatives that has only slowed down what was inevitable and that 

has led to the present situation. 

Today, as in the past, from private to public, all sectors are subject to a radical change 

in a situation or a market and that requires increasingly complex and demanding 

processes of adaptation but that sooner or later comes and is undeniable.  
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