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I. INTRODUCTION
Introduction
The transport sector is currently facing major upheavals. The departure from fossil fuels to reduce
CO2 emissions, the introduction of alternative, cleaner means of propulsion, and increasing automation and digitalisation will dramatically change both the industry and consumer behaviour.
Commitment to the goals of the Paris Agreement means a massive reduction in greenhouse gas
emissions by 2050 and requires decisive political action in order to retain industrial performance
and jobs while, at the same time, introducing innovative, greener technologies onto the market.
The interweaving of energy production and transport (sector coupling), which is most clearly visible
for most people in electric cars, increasingly places new demands on the economy as well as political agendas.
Self-driving cars are now no longer science fiction, but to some extent, a reality on our streets.
Technological progress is running ahead of political regulation, a development that is also a controversial topic of discussion in society. The same applies to the introduction of digital applications and
increasing networking in the transport sector, which is partly perceived as a great opportunity but,
at the same time, as a threat. This analysis looks at the fundamental paths of development regarding these trends, their possible consequences for the economy and society and challenges for policy-making. Subsequently, we present our recommendations, which are derived from the most
probable scenarios from the up to date data.1

Decarbonising mobility

 For the automotive sector, climate goals mean that by 2050 only emission-free vehicles can
be licensed. The last cars with combustion engines will come onto the market between 2030
and 2040, as the technology will then lose its cost advantages. In the transition phase, the
number of plug-in hybrids could increase dramatically, until battery-driven electric vehicles
(BEV) and fuel cell-driven electric vehicles (FCEV) make up the biggest market share of the
market.

 For heavy goods vehicles, the most likely scenario for complete decarbonisation is via FCEV,
and synthetically or biologically produced gas. Batteries will be too heavy for the foreseeable future to accommodate the necessary range for HGVs of over 1,000 km.

1

As this relates to prognoses over a period of 20 to 30 years, these scenarios should not be considered definitive, but rather probable. Leaps in technology, unexpected external shocks, or political decisions can of course significantly change these probabilities.
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 Synthetic fuels, particularly liquid or gas, should be kept for air and sea transport, as the
power sources in these sectors are currently difficult or impossible to replace with batteries.
As the energy balance of these fuels is very poor compared with directly using electricity,
they should be produced as a by-product of the energy transition.

 A technology-neutral but strict emissions legislation with a clear reduction path by 2050 is
necessary for all modes of transport in question. This is the most cost-effective way to reach
the goal of decarbonisation, and new technologies will not be rejected out of hand. In addition, greater planning security increases acceptance from customers and industry.

Automation and digitalisation of mobility

 Fully automated vehicles will enter the market from the mid 2020s. Partially automated and
connected vehicles already exist. From 2040, the majority of the fleet will consist of automated vehicles.

 Particular policy efforts will be necessary by then, especially for regulations regarding vehicle and IT security, liability and insurance, and data protection, data use and data storage. In
addition, measures must be introduced to encourage acceptance of the new technologies in
society in general.

 Automated driving, particularly when combined with C-ITS applications, will make transport
safer and more efficient. Currently, 90% of accidents are caused by human error and could
be prevented with functioning technology.

 Even public transport can profit from digitalisation and automation if there is sufficient investment in digital and transport infrastructure, rolling stock and vehicles. Individual vehicle
ownership will become less attractive and well-developed sharing services could make it
completely superfluous. Autonomous vehicles can gain additional customers by providing a
shuttle service to and from public transport stops, and can make cost-effective local
transport possible again, particularly in rural areas.

 Both cities and rural areas can profit from these developments, as autonomous vehicles in
sharing fleets, combined with proper public transport, can significantly reduce inner-city
traffic and therefore pollution, noise and traffic jams, while simultaneously enabling mobility for larger user groups in rural areas and increasing quality of life.

v

I. INTRODUCTION
Value chain and labour market

 The automotive sector is very important for Europe as well as Germany and directly and indirectly employs 12 million people in the EU. In the transition phase up to 2030, there is a
good chance that employment will increase slightly. Following this, development is dependent on further decisions in politics and industry.

 Battery electric mobility is on the rise. The battery represents most of the added value of
the whole vehicle. Due to geopolitical developments and an anticipated strong global increase in battery demand, establishing battery production in Europe is recommended, as is
research of new technologies like solid cell batteries. A European battery alliance, with
strong public sector participation, is advisable.

 Fuel cells may be more production-intensive as well as resource-saving than batteries —
particularly regarding the scarcity of natural resources (rare earth) and critical materials —
yet, they are still expensive. While battery recycling is still an open question, fuel cells are
almost completely reusable. If both technologies are used in parallel, there is great potential
for new jobs in battery recycling, and at the same time, industrial jobs can be retained in the
production of fuel cells.

 Means of political support for the labour market are vital to ensure the necessary qualifications and training for the change in occupational requirements. Training and further education of employees in the sectors concerned should be supported as early as possible, to
safeguard employment.

In summary, we see these developments as a great opportunity for economic prosperity, social advancement and climate and environmental protection. However, it should be emphasized that a
precondition for a positive outcome requires smart political regulation which is not driven by shortterm interests, but rather oriented towards sustainable solutions.
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I. INTRODUCTION
I INTRODUCTION – THE TRANSFORMATION OF OUR MOBILITY
The registration of the ‘Patent Motor Car Number 1’ by Carl Benz in 1886 marks the starting point
of what has probably been the greatest revolution in mobility since the invention of the wheel. At
the start of the 20th century, Henry Ford’s assembly line production set the wheels in motion for
the comprehensive triumph of the passenger car. Today, automobiles powered by an internal combustion engine are the mainstay of human mobility and are a basic human provision for many. But
the car is much more than that: a status and cultural symbol, and for many, also a representation of
freedom and independence.

Figure 1: Guillaume Jaillet on unsplash.com
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Many people are completely unaware of the wide-ranging impact that mobility actually has on their
daily life — professionally and privately. In Germany alone, there were over 46 million cars licensed
on 1 January 2018.2 In the European Union, there were 250 million licensed cars already in 2015.3
Hence, statistically almost every second European citizen has a car. These numbers alone show how
important cars are. In Germany, people spend nearly 10% of their net income on mobility — almost
as much as on food, drinks and tobacco. A large proportion of our daily life is now focused on private and commercial transport. Furthermore, our environment is marked by the hunger for mobility: in Germany, over 650,000 kilometres of road criss-cross the landscape. In addition, there are
43,458 km of railway tracks. In cities, we often give our cars more space than we give ourselves —
17% of urban space is dedicated to traffic.
In days when the cost of living space is reaching exorbitant proportions, this is a fact worth
considering. In 2015, Germans spent a total of 418,757 hours in traffic jams. Globalisation and international division of labour are the basis for the ever-growing freight transportation sector: on
the railway, but even more so on roads. And while greenhouse gas emissions have decreased in
almost all areas in recent years, they actually increased in the transport sector. At the same time,
more than 10 million employees are directly employed in the whole transport sector, generating
over five per cent of the total gross domestic product of the European Union. The upstream parts of
the automotive value chain also contribute a significant proportion of the wealth.
Hence, it is all the more important to recognise the fact that over 130 years after Carl Benz’
revolutionary invention, we are once again on the verge of a profound period of transition in the
mobility sector. Although no new Fordism is expected, this transformation will have wide-ranging
effects on most public and economic sectors and will penetrate deep into daily life. We can only
speculate about the final impact, but there are movements that politics and economics must recognise and react to. Two parallel developments are responsible for the transformation which has
already started, and they mutually compliment and reinforce each other: on the one hand, there is
the necessary decarbonisation of the transport sector; on the other, there are technological advances in the field of automated and connected driving.

2

Kraftfahrt-Bundesamt. Jahresbilanz des Fahrzeugbestandes am 1. Januar 2018. [Online] Available:
https://www.kba.de/DE/Statistik/Fahrzeuge/Bestand/bestand_node.html [Accessed 13 November 2018].
3
Statista. Das Statistik-Portal. Pkw-Bestand in den europäischen Ländern im Jahr 2015 (in 1.000). [Online] Available:
https://de.statista.com/statistik/daten/studie/163405/umfrage/pkw-bestand-in-ausgewaehlten-europaeischen-laendern/ [Accessed 13 November
2018].
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1.1 Decarbonisation of the transport sector
Climate change is a reality and hardly anyone contests this on an international level since the Paris
Climate Agreement. The direct and indirect impacts of global warming are already having a drastic
influence on our political, social and economic life — not to mention catastrophes that await us in
the future, if emissions continue unabated. Industrial countries have therefore agreed to a reduction in greenhouse gas emissions of 80-95% by 2050 compared with 1990 levels.

Figure 2: Thomas Hafeneth on unsplash.com

At just under 23%, the transport sector has the second largest share of all greenhouse gas emissions in the European Union, after the energy sector.4 If Germany and the European Union as a
whole wish to fulfil the goals that they have committed to in the Paris Climate Agreement, it is evident that the transport sector has to make a substantial contribution to averting the threat of a
climate catastrophe. Climate change is leading to a significant increase in natural catastrophes
worldwide.

4

Eurostat. Statistics Explained. 2017. File: Greenhouse gas emissions, analysis by source sector, EU-28, 1990 and 2015 (percentage of total) new.png.
[Online] Available: http://ec.europa.eu/eurostat/statistics-explained/index.php/File:Greenhouse_gas_emissions,_analysis_by_source_sector,_EU28,_1990_and_2015_%28percentage_of_total%29_new.png [Accessed 13 November 2018].
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In 2017 alone, the insurance company Münchner Rück calculated that the monetary damage
amounted to over 330 billion dollars, and the trend is rising.5 The European Commission has concluded that every one-tonne reduction in CO2 emissions saves €70 for society. In individual vehicle
transport alone, this would save about EUR 36 billion — and that is per year!6 It is then all the more
worrying that the transport sector is the only sector in which absolute emissions have increased in
recent years. While vehicles and engines are becoming increasingly efficient, these savings are cancelled out by the continued increase in traffic volume. In addition to CO2 emissions, there is nitrogen and particulate pollution, which presents an enormous health risk particularly in built-up and
urban areas. Even today, many European cities exceed the permitted safe health threshold.

Figure 3: CO2-emissions in tons | Source: https://eur-lex.europa.eu/legal-content/SV/ALL/?uri=CELEX%3A52017SC0650

The minimum goal agreed to at European level is therefore a 60% reduction (compared with 1990)
of CO2 emissions in the transport sector by 2050. The current Commission proposal for post-2020

5

Frankfurter Allgemeine Zeitung (FAZ). 2018. Naturkatastrophen kosten Versicherer so viel wie nie. [Online] Available:
http://www.faz.net/aktuell/wirtschaft/unternehmen/naturkatastrophen-sind-laut-muenchener-rueck-teuer-wie-nie-15373392.html [Accessed 13
November 2018].
6
Ricardo-AEA (Gena Gibson) for the European Commission (DG Mobility and Transport). 2014. Update of the Handbook on External Costs of Transports. [Online] Available:
https://ec.europa.eu/transport/sites/transport/files/themes/sustainable/studies/doc/2014-handbook-external-costs-transport.pdf [Accessed 13
November 2018].
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emission limits for cars and light commercial vehicles (LCV) specifies a reduction of 30% in CO2
emissions for the EU fleet by 2030, with an intermediate goal of 15% by 2025.

Figure 4: CO2-limit values in the EU | Source: own chart, numbers relate to NEDC (2030 – 2050 estimate)

To achieve the anticipated 60% reduction by 2050, it will not be sufficient to rely exclusively on increases in the efficiency of combustion engines. Here, sooner or later we will reach the limits of
what is physically possible. In the future, alternative powertrains will therefore have to play a more
important role. In the medium term, an increased use of hybrid powertrains could be a solution. In
particular, Plug in Hybrid Electric Vehicles (PHEV), which combine the combustion engine with an
electric engine, are increasing in popularity. In the long term, relying on solely battery operated
vehicles with electric motors BEVs (Battery Electric Vehicles) and FCEVs (Fuel Cell Electric Vehicles)
for individual vehicle transport sounds promising. The term ‘technology neutrality’ should be understood within the context of energy storage systems. The powertrain of a fuel cell-driven vehicle
is just as electric as that of a battery-driven vehicle.

5
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1.2 Automated and connected driving
The second factor that will change the transport sector from the ground up is the increasing automation and connectivity of our vehicles. Assistance systems are already common to many drivers.
However, fully-automated driving is being feverishly pursued in different parts of the world. To
make autonomous driving a reality, vehicles must also be connected with each other and with the
infrastructure. Here too, we are facing a development that we cannot and should not hold back —
but it is all the more urgent that we shape it. Autonomous driving also opens up completely new
and innovative mobility concepts. At the same time, increasing automation also brings the European Union’s Vision Zero objective into reach.
Automated driving, in conjunction with alternative, almost zero emission powertrains, will enable completely new mobility and transport concepts both in urban and in rural areas. Low and
zero emission vehicles will finally help to bring the worrying air quality in large cities under control.
Autonomous vehicles can contribute to reducing the amount of individual vehicle transport in urban traffic, and especially in rural areas, can even be a solution to the lack of profitability of local
public transport systems.

1.3 A progressive strategy for the transport sector
For a long time, the European Union, and Germany in particular, was a textbook example of how
climate protection and energy transition could be compatible with maintaining the industrial base.
However, this idea must be critically reviewed. When it comes to climate protection and innovation, Germany and the EU are no longer the uncontested leaders. On the contrary, in terms of
launching zero and low emission vehicles on the market, the EU has not only fallen behind China,
but also behind the United States. Even India is preparing to rapidly implement the mobility transition.

6
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Figure 5: Current EU sales in comparison to China and the United States | Source: Bloomberg (about.bnef.com)

In Asia, the rate of motorisation has practically exploded in recent years. Between 2005 and 2015
alone, it grew by 140% (in comparison to 9% in the EU).7 The main driving force behind this development is the People’s Republic of China, which has become the largest vehicle market in the
world. However, the negative side effects of this development are enormous environmental and air
pollution. Not least for this reason, China has set ambitious goals for the decarbonisation of its
transport sector. From 2019 onwards, at least ten per cent of car manufacturers’ sales in China
must be BEVs, and this rate is set to increase yearly.8
The framework conditions set by politicians will be the decisive factor, also for autonomous
and connected driving. The German and European automotive industry may be on a promising
path, but the political and legal framework conditions to put the technology on the road are lacking. Thinking within national borders also puts us at risk of not taking on the role of an innovator,
but lagging behind technology. Who wants a self-driving car that has to stop at the Czech, Belgian
or French border, because there are no common European standards? The process toward autonomous mobility beyond the classic combustion engine is already in full swing and will have a deci-

7

European Automobile Manufacturers Association (ACEA). 2014/15. The Automobile Industry Pocket Guide, p. 41. [Online] Available:
https://www.acea.be/uploads/publications/POCKET_GUIDE_2014_FINAL_102014.pdf [Accessed 13 November 2018].
8
Frankfurter Allgemeine Zeitung (FAZ). 2017. Die E-Auto-Quote in China kommt. [Online] Available:
http://www.faz.net/aktuell/wirtschaft/unternehmen/elektroautos-china-fuehrt-die-elektroquote-ab-2019-ein-15222043.html [Accessed 13 November 2018].
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sive influence on the future of the transport sector in the coming years and decades. For this reason, there is a pressing need for German policy, backed up at European level, to set the necessary
course so that Germany and Europe can emerge strengthened from the transformation process,
both economically and in terms of employment. The primary goal must be to retain and expand the
creation of industrial added value in Germany and Europe. Moreover, and especially as Social Democrats, we must see this as a central theme of our industrial policy. From a political perspective,
regulations and significant public investment will probably be necessary. With an industrial change
of this scale, market ideology must not be the sole determining factor. Large infrastructure projects
such as electricity supply, road and rail networks but also local public transport, for example, are
generally only successful if market mechanisms are complemented by strategic, long-term action.
Many regions in Germany and Europe are still struggling with the impact of the structural
change of the 1970s. Some have never fully recovered from the demise of former key industries.
With this in mind, and knowing that the transformation discussed here could bring similar structural distortions, we must ensure that the correct course is set for tomorrow. The present paper is
certainly not intended to be viewed as a fixed schedule, but it should serve as a basis for discussion
and ideally provide indications for the future of transport policy in Germany and Europe. In doing
so, the content focuses on land-based transport, i.e. road and rail transport. Nevertheless, it must
be clear that a long-term change in the new trends of transport sector can only be achieved if air
transport and shipping also make a contribution to sustainable decarbonisation.

8
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Figure 6: Matt Howard on unsplash.com

II. THE FUTURE OF THE AUTOMOTIVE AND SUPPLIER INDUSTRY
The automotive sector plays a pre-eminent role in European industry as a whole. In the EU, over 2.4
million people are directly employed in the automotive sector. In Germany, 4.5% of the gross domestic product was produced by around 800,000 employees in 956 companies (about 1.8% of all
employees in Germany) in 2016.9 If one includes the production branches that indirectly rely on the
automotive industry, you find that no less than 7.7% of the total German economic output is in fact
attributable to vehicle production. In addition, 24% of cars produced in 2016 were manufactured in
Europe — only China, with a 29% share of the global production, manufactured a larger proportion
of the over 77 million vehicles produced annually. While Europe is only in third place internationally
in the commercial vehicle sector, after China and the USA, it is still one of the biggest players in this
branch with about 3.5 million commercial vehicles and a 19% share.

9

Statistisches Bundesamt (Federal Statistics Office in Germany). 2017. Automobilindustrie trägt 4,5% zur Bruttowertschöpfung in Deutschland bei.
Pressemitteilung vom 14. September 2017 (326/17). [Online] Available:
https://www.destatis.de/DE/PresseService/Presse/Pressemitteilungen/2017/09/PD17_326_811pdf.pdf?__blob=publicationFile [Accessed 13 November 2018].
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Figure 7: Percentage share of car production worldwide | Source: ACEA

Moreover, employees in the automotive sector are also among the best-paid in the whole of Germany and Europe. In 2015, the gross hourly pay in the automotive sector in Germany was €44
(compared with an average €20.08/hour for full-time workers).10 Employees in this sector therefore
contribute disproportionately to income tax contributions and to the financing of the social security
system. And municipalities in particular benefit from business taxes paid by companies in the automotive sector.
The automotive sector is also one of the most important export and growth sectors in the European national economies, and is of even greater significance to Germany. Of the 16.4 million vehicles produced in the EU in 2016, 6.3 million were produced in Germany. The largest sales market
was Asia-Pacific at 33.1%, closely followed by the USA at 32.7%. Over 1.5 million cars exported outside the EU came from Germany.11

10

Statistisches Bundesamt (Federal Statistics Office in Germany). 2017. Verdienste auf einen Blick. [Online] Available:
https://www.destatis.de/DE/Publikationen/Thematisch/VerdiensteArbeitskosten/Arbeitnehmerverdienste/BroschuereVerdiensteBlick016001317900
4.pdf?__blob=publicationFile [Accessed 13. November 2018].
11
German Association of the Automotive Industry (VDA). [Online] Available:
https://www.vda.de/de/services/zahlen-und-daten/jahreszahlen/export.html [Accessed 13 November 2018].
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Figure 8: Motorisation rate per 1000 inhabitants | Source: ACEA

Between 2005 and 2015, the global motorisation rate grew by 26%. Growth was particularly strong
in Russia, Turkey and Central and South America at 59% each, and even stronger in Asia (+140%).
However, the motorisation rate in Asia is still comparatively low, at just less than 85 vehicles per
1,000 inhabitants (compared to the EU and EFTA at 579 vehicles/1000 inhabitants). It is neither
likely that the global motorisation rate will reach the European level, nor would it be desirable from

11
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a climate or transport perspective. Nonetheless, these figures show the continuing growth potential of the sector. It is important to note that the majority of this growth potential is not in Europe,
but primarily in Asia.
In the context of these figures, it is no exaggeration to describe the automotive and its supply
industry as the backbone of the German and European economy. In addition, they show how important it is for the economic future to retain car manufacturing and the associated value chains
and employment both in Germany and the European Union. Whilst considering the possibility of a
shift in focus in the international automotive market, these associated value chains and employment in Germany can no longer been taken as a given fact but requires decisive action.

Two key challenges
Decarbonisation, autonomous and connected driving, and more generally digitalisation and automation of the industry and therefore work, will permanently change the automotive sector. As with
any profound shift, it also brings risks — particularly in the area of value creation and in the possible effects on the employment rate. However, this transformation also offers opportunities. For this
reason, a concept to shape this change is necessary. The question that arises is how we will handle
change in the general conditions and, in particular, what the political and economic agenda for the
European production market must do in order to remain globally competitive in the future. It is not
only important for Germany and Europe that companies in the automotive sector successfully master the transformation process, but also that the automotive sector continues to see Europe as one
of its main production locations and does not degrade it into a mere sales market. In addition, the
European automotive industry must remain competitive.

2.1 Alternative powertrains: towards zero and low emission vehicles
In Germany and other European countries, the question on a future ban of combustion engines has
been constantly discussed. Bündnis 90/Die Grünen targeted the year 2030 as the end of the combustion engine — or at least they have said that only vehicles without direct emissions should be
licensed from that year.12 The largest EU members after Germany, that is the United Kingdom and
France, plan to prohibit vehicles with a combustion engine on their streets after 2040. It is especially relevant that the most important export markets within Europe for the German automotive industry are Great Britain, with exports of almost 800,000 vehicles, and France with 280,000, follow12

Bündnis 90 / Die Grünen. 2017. Sauber Autofahren ab 2030. [Online] Available: https://www.gruene.de/themen/klima-schuetzen/sauberautofahren-ab-2030.html [Accessed 13 November 2018].
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ing Italy with 305,000 exported vehicles. In addition, and as shown above, we see more robust legislative plans especially in the growth markets of the automotive industry, which point to the end of
the combustion engine as the dominant powertrain type for passenger cars in the long term. 13
A common European automobile market should ideally have common rules on the future of
the combustion engine, or, if this is not possible, at least the highest level of harmonisation. Otherwise, it could lead to significant distortions in competition in the medium term, which would manifest both in sales and production. In addition, large parts of the European value chain could suffer
from the lack of harmonised criteria.

The end of the combustion engine as the dominant powertrain technology
A premature prohibition of the combustion engine would have an almost incalculable negative impact on the sector, the associated value creation and jobs. Reaching this goal in 2040 is a significantly more realistic perspective for the phasing out rather than the much-discussed 2030. Moreover, a technology-neutral approach would be more practical, as a prohibition of the combustion
engine could also affect hybrid powertrains. Stringent and consistent CO 2 limits, which follow a
clear reduction path, are also a more cost-effective solution than a prohibition on technology.
While the combustion engine presents an increasing problem in large cities, it is still relatively efficient in rural areas and over long distances.
At the same time, people should be under no illusion that the combustion engine will be with us
forever. A current Commission proposal specifies a 30% reduction in emission limits for cars by
2030.14 Furthermore, a stated aim is to fully decarbonise the transport sector by 2050.15 This aim is
simply not possible based on the elimination of combustion engines powered by fossil fuels. Even in
the medium term, physical limits on efficiency gains will make it increasingly difficult to meet more
stringent limits. This is exemplified by a quote from the former Chairman of Volkswagen AG, Martin
Winterkorn, who said in October 2014: ‘Every gram of CO2 [saving] costs 100 million euros’.16 This
also corresponds with the results of a study by the European Climate Foundation, which resulted

13

German Association of the Automotive Industry (VDA). [Online] Available:
https://www.vda.de/de/services/zahlen-und-daten/jahreszahlen/export.html [Accessed 13. November 2018].
14
EUR Lex. Proposal for a REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL setting emission performance standards for new
passenger cars and for new light commercial vehicles as part of the Union's integrated approach to reduce CO2 emissions from light-duty vehicles and
amending Regulation (EC) No 715/2007 (recast). [Online] Available: http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52017PC0676 [Accessed 13 November 2018].
15
Website of the European Council 2014. Europe leads the way in the fight against climate change and Ebola. [Online] Available:
http://www.consilium.europa.eu/en/meetings/european-council/2014/10/23-24/ [Accessed 13 November 2018].
16
Automotive News Europe. 2014. Winterkorn warns EU on overburdening automakers on CO2 emissions. [Online] Available:
https://influencemap.org/site/data/000/039/19_Volkswagen---Q11-:-D6_38971_2015-06-22_10:30.pdf [Accessed 13 November 2018].
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from collaboration with VW, BMW, Daimler and others. This study identifies the time from which
the combustion engine will lose its cost advantages for the consumer (particularly in comparison to
vehicles powered by electric motors), as being approximately the year 2030.17 Last but not least,
the problem is also apparent in the emission scandals of recent years, which have caused lasting
damage to trust in the automotive industry.

Figure 9: https://pixabay.com/de/isoliert-transparente-plan-motor-1500372/

The future after the combustion engine – there is no universal one
It is the very standpoint of this paper that a general prohibition on licensing vehicles with combustion engines. At the same time, it must be recognised that the mobility market, particularly as regards individual mobility, will be shaped by alternative powertrains in the medium and long term,
as otherwise it will be difficult to reach the decarbonisation target.
Several strategies for decarbonising land-based transport are currently under discussion. The
most important ones are: (1) the electrification and replacement of the combustion engine by a
battery-driven electric engine (BEV); (2) the use of fuel cells to operate vehicles with electric engines (FCEV) and (3) the use of synthetic fuels in combustion engines. All three options sound promising and could — if used correctly — have a complementary effect on the decarbonisation of the

17

Cambridge Econometrics. 2017. Low carbon cars in Germany. [Online] Available: https://www.camecon.com/how/our-work/low-carbon-cars-ingermany/ [Accessed 13 November 2018].
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transport sector. In addition, hybrid powertrains such as PHEVs are an important bridge technology,
as is the enhanced use of gas as an alternative to petrol/diesel.

Battery electric vehicles (BEV) – solution for the majority of individual vehicle
transport
Electrification of road transport, i.e. the operation of vehicles with electric engines and batteries,
will dominate the majority of future mobility. One indication of the latter is the rapidly sinking costs
of battery production. The price per kilowatt-hour is currently at around $220, which corresponds
to a reduction of over 80% since 2010.18 At the same time, energy use in a battery operated electric
vehicle is very efficient, particularly due to high efficiency levels of the electrical engine. Batteries
can also be directly charged with electrical power, without a costly and energy-intensive transformation process beforehand. The main problem with battery storage lies in its limited capacity. The
greater the range of an EV, the less efficient it becomes, as the energy intensity increases disproportionally to the capacity when producing the battery – quite apart from the fact that batteries
allowing long-distance travel are currently barely affordable.

Figure 10: https://pixabay.com/de/elektrische-ladung-stra%C3%9Fenschild-2301604/

18

European Commission 2017. Proposal for a Regulation of the European Parliament and of the Council setting emission performance standards for
new passenger cars and for new light commercial vehicles as part of the Union's integrated approach to reduce CO2 emissions from light-duty vehicles
and amending Regulation (EC) No 715/2007 (recast) [Online] Available: http://eur-lex.europa.eu/resource.html?uri=cellar:9e64ae4a-c560-11e79b01-01aa75ed71a1.0001.02/DOC_2&format=PDF [Accessed 13. November 2018].
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When set against the average daily distance travelled, however, this problem quickly comes into perspective: 64.3% of people drive less than 50 km per day, and 93.2% drive less than 100 km.19
The EVs currently on the market have an average range of 150 - 250 km on a fully charged battery.20 Even the frequently mentioned losses in range at low temperatures should not present any
problems for this user profile. Most of the individual vehicle transport could therefore be covered
relatively easily with BEVs.

Fuel cell electric vehicles (FCEV) – efficient, climate neutral and capable of long distances
Nevertheless, we must acknowledge that there will be a demand for long-distance vehicles in the
future, too, which will not be completely met by an extensive expansion of long-distance public
transport. At the same time, the expansion of renewable energy will be accompanied by significant
fluctuations in energy production. Thus, already in 2015, 4.7 TWh of excess production was
achieved, which corresponds to the yearly energy consumption of almost 3,000 households in
Germany, or the energy required by 700,000 fuel cell cars per year.21 Hardly anyone contests that
energy storage must increase exponentially with the increasing expansion of regenerative energy.
Green hydrogen, i.e. hydrogen produced by regenerative energy, is one of the most promising possibilities for practically and efficiently using this excess of regenerative energy. Hydrogen can be
stored and fuel cells can be used in a variety of applications. In the car sector, fuel cell vehicles do
not achieve the same energy efficiency of pure BEVs, but they have clear advantages regarding
range and also refuelling speed. At the same time, they is an ideal solution for the problem of fluctuation in regenerative energy production.

Synthetic fuels – Interesting concept for freight transport
The third, much-discussed option for decarbonisation of the transport sector is the production of
synthetic fuel by means of regenerative energies. Here, water is converted to hydrogen and oxygen
by electrolysis, and methanised or liquidised in a further step. In theory, the production of synthetic
fuels is relevant for any conceivable usage. Voices from vehicle manufacturers and suppliers in the

19

Landesagentur für Elektromobilität und Brennstoffzellentechnologie Baden-Württemberg GmbH. 2015. Strukturstudie BW e-mobil 2015. [Online]
Available: http://www.e-mobilbw.de/files/e-mobil/content/DE/Service/Publikationen/e-papers/strukturstudie/files/assets/basic-html/page84.html
[Accessed 13 November 2018].
20
AutoBild. 2018. Wie weit reicht der Saft im E-Auto? [Online] Available: http://www.autobild.de/artikel/ranking-elektroautos-und-ihre-reichweite5574133.html [Accessed 13 November 2018].
21
Bundesnetzagentur. Netz und Systemsicherheit. [Online] Available:
https://www.bundesnetzagentur.de/DE/Sachgebiete/ElektrizitaetundGas/Unternehmen_Institutionen/Versorgungssicherheit/Netz_Systemsicherheit
/Netz_Systemsicherheit_node.html [Accessed 13 November 2018].
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automotive sector in particular advocate for supporting this technology. Synthetic fuels and e-fuels
can also contribute significantly to an environmentally friendly configuration of the transport sector. However, their use in the passenger vehicle sector does not seem practical. For one thing,
much of the originally used energy is lost in the transition process. Secondly, their use is not very
efficient in a combustion engine. For example, current diesel motors achieve a maximum efficiency
level of 45%, while petrol engines achieve only 35%. This means that more than half of the energy
used in the combustion is lost (particularly as heat energy). In light of the fact that we must aim for
the greatest energy efficiency when expanding regenerative energies to be able to cover 100% of
the demand in Germany and Europe in the future, it remains to be seen whether synthetic fuels will
play a significant role in individual mobility.
Thus the three different possibilities compare as follows, in terms of energy efficiency: in comparison with a vehicle with a combustion engine (powered by synthetic fuels), a BEV is five times
more efficient. A fuel cell vehicle is at least twice as efficient as a climate-neutral combustion engine.22
The additional energy that would be necessary to substitute fossil fuels with synthetic fuels is
over 1,000 TWh/year in Germany alone — this corresponds to the output of about 90 nuclear power plants, or a photovoltaic installation that is over three times the area of Saarland. Synthetic fuels
in high quantity would therefore require a much higher pace in the uptake of renewable energies.
The idea of importing synthetic fuels from other countries sounds promising is however uncertain
given the only mediocre investments in renewable energies in those countries in the past. However, experts believe that the use of synthetic fuels starts to make sense when the total proportion of
regenerative energy is 60% to 80% of the total electricity production.23 Synthetic fuels can thus play
an important role in the future in freight transportation and shipping as well as in air transport,
since on the one hand, combustion engines are much more efficient in these areas, and on the other, alternative powertrains will not be able to achieve the range required in the foreseeable future.

22

Quaschning, Volker. 2016. Sektorkopplung durch die Energiewende. Hochschule für Technik und Wirtschaft HTW Berlin. [Online] Available:
https://pvspeicher.htw-berlin.de/wp-content/uploads/2016/05/HTW-2016-Sektorkopplungsstudie.pdf [Accessed 13 November 2018].
23
et – Zeitschrift für Energiewirtschaft, Recht, Technik und Umwelt. Phasen der Transformation des Energiesystems. [Online] Available:
http://www.et-energie-online.de/AktuellesHeft/Topthema/tabid/70/NewsId/1230/Phasen-der-Transformation-des-Energiesystems.aspx;. see also:
Science Direct. Weitemeyer, Stefan et al. Integration of Renewable Energy Sources in future power systems: The role of storage. [Online] Available:
https://www.sciencedirect.com/science/article/pii/S096014811400593X?via%3Dihub [both links accessed on 13 November 2018].
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Figure 11: Vehicle range in kWh/km-ratio | Source: Quaschning, Volker. 2016. Sektorkopplung durch die Energiewende & Hydrogen.
HTW Berlin
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2.2 Decarbonisation with BEV, FCEV and PHEV
For private vehicles, electrification by means of battery or fuel cell technology therefore offers the
greatest likelihood of successful and sustainable decarbonisation. As already noted, the most important growth markets in the automotive sector also emphatically support electrification. Even if
precise quantification is difficult, a proportion of fuel cell electric vehicles between 15% and 25%,
and a 75% to 85% share of BEVs seems to be a realistic prognosis.24 These values are not expected
to be achieved until around the year 2050. PHEVs will therefore have an important function as a
bridging technology, especially in the near future.
However, in general it can be assumed that the combustion engine will be phased out in the
individual vehicle sector in the medium to long term. Politics in Germany and Europe must therefore act in accordance with this premise, if the goals of decarbonising the transport sector and
maintaining and expanding added value and employment levels are to go hand-in-hand. The anticipated impact of the disappearance of the combustion engine from the value chain will therefore be
presented next. The German automotive market will serve as an example, since it is the country
that produces by far the greatest number of passenger vehicles in Europe.

2.3 Changes in the value chain
To show the changes in the value chain, it should first be outlined which aspects of economic activity are currently directly or indirectly connected to the production of combustion engines for cars
and light commercial vehicles (LCVs). The figures listed mainly come from a study by the ifo (Institute for Economic Research). It is important to note that the study presents the situation in Germany in 2015. The study is not concerned with any substitution of jobs in the alternative powertrain
sector. However, it is informative in its indication of the enormous changes that will occur in the
sector.

Over half of the added value in the automotive industry depends on the combustion
engine
Based on this estimate, around 12% of the production value25 of the whole industry in Germany, or
€171.5 billion (reference year 2015) is directly linked to passenger cars and light commercial vehicles that are powered by a combustion engine. This corresponds to 59% of the production value of

24
25

Quaschning, Volker. 2016. Sektorkopplung durch die Energiewende. Hochschule für Technik und Wirtschaft HTW Berlin, cited in footnote (n 22).
The total value of all goods and services produced in a national economy (by nationals and non-nationals).
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the automotive industry as a whole. The corresponding figure is 3% in mechanical engineering and
1% in electrical engineering. Indirectly, i.e. in production sectors that are partly connected with the
manufacture of combustion engines, the production value that depends on the combustion engine
amounts to €41.3 billion.26
A further important indicator is the gross added value, i.e. the added value which was exclusively generated in Germany (however, this production value does include foreign value parts).27
Here, the amount of combustion technology-related added value is lower at about 9% of the total
gross added value in German industry. The automotive industry also accounts for 56% of the added
value here. This is mainly because large parts of the added value in automotive manufacturing are
in the upstream elements of the value chain. Through the global supply chain, parts of the added
value are therefore also concentrated in supplier countries. For industries that are indirectly dependent on the combustion engine, the gross added value is consequently higher. In total, almost
13% of the gross added value in the industry is directly or indirectly due to the production of combustion engines for passenger cars and light commercial vehicles.28

Figure 12: pixabay.com, CCO
26

ifo Institute and Center for Economic Studies (CESifo GmbH). 2017. Auswirkungen eines Zulassungsverbots für Personenkraftwagen und leichte
Nutzfahrzeuge mit Verbrennungsmotor (hereinafter: ifo study), p. 18-19. [Online] Available:
http://www.cesifo-group.de/de/ifoHome/research/Projects/Archive/Projects_INT/2017/proj-int-Automobilindustrie.html [Accessed 13 November
2018].
27
The total value of the goods and services generated in the production process (production value), minus the value of the intermediate consumption.
28
Ifo study,p. 20-21.
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Up to 600,000 employees depend on the production of combustion engines
One of the most important points of this analysis is employment, and the question how many jobs
are directly or indirectly connected with the production of cars with combustion engines. The German automotive industry employed around 813,000 people in 2015, about 13% of all employees in
the manufacturing sector. However, this is not only the group affected by a gradual replacement of
the combustion engine as the dominant powertrain in individual vehicle transport. In addition,
there are also employees who work in the supplier product’s industry and complementary products
(e.g. car workshops), who face an uncertain future. While about 457,000 jobs in the automotive
industry itself depend on the combustion engine, according to the figures of the ifo institute, indirectly there are another 163,000. In total, 600,000 jobs are at risk from the demise of the combustion engine. Furthermore, it is assumed that the difficulties in adapting will affect large automotive
manufacturers less severely but would much more severely affect small and medium-sized companies that are mainly in the supply industry, whose production is very specifically tailored to components for the combustion engine.
The ifo study starts from the premise that the manufacture of e-cars (and also fuel cell vehicles)
is much less labour intensive than cars with a combustion engine. Nevertheless, a considerable
number of jobs are available in the medium term even for current manufacturing methods. Politicians, but also the economy and society as a whole, must urgently engage in a profound examination of the possible negative impacts of digitalisation and automation on the employment level.
This applies, with some reservations, as well for the automotive industry, regardless of the predominant powertrain type in the future.

More jobs by decarbonising the transport sector
However, if we view the overall economic effects of the revolution in automotive manufacturing, a
completely different picture emerges. A study by Cambridge Econometrics anticipates an enormous
job increase.29 While the production of electric cars is not as labour intensive as combustion engine
vehicles, the promising PHEV bridge technology still presents a high level of labour intensity. Scenarios that grant a particularly important role in the decarbonisation process to PHEVs, in addition
to BEV and FCEVs, see an opportunity for up to 145,000 additional jobs by 2030 in Germany alone
29

Cambridge Econometrics. 2017. Low carbon cars in Germany, cited in footnote (n 17).
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— particularly in the service sector and in setting up the charging infrastructure for BEVs and FCEVs.
The study assumes that the employment rate in the automotive industry and its supply industries
will increase slightly until 2030. Only from 2030 onwards, if alternative powertrains such as BEVs
and FCEVs start to dominate the market, a reduction in the demand for labour can be expected.30

Figure 13: Consequences of the switch to low emission vehicles on the German labour market | Source: camecon

The future is not set in stone
At this time, it is not possible to quantify exactly how the added value and the employment rate will
finally develop, as it has been unclear up to this point which course will be set by policy, but particularly also by industry. Undoubtedly, the combustion engine will disappear in the long term, at
least for individual vehicle transport. A policy that halts or artificially delays this process in order not
to put jobs and economic activity at risk could achieve the exact opposite in the end: the loss of
entire value chains and industries.
German automotive manufacturers as a whole are well prepared for the transformation process. 34% of all patents worldwide for electric cars between 2010 and 2015 came from Germany.
30

Ibid.
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For fuel cell technology, over the same period, the figure was 25% of all patents registered worldwide. In this regard, only Japanese manufacturers fared somewhat better, with 28%. 31
However, the current situation in Germany and Europe is that there is hardly any planning security. We are seeing massive investments globally in alternative powertrains, particularly from
European manufacturers. For example, VW announced that it would invest about €34 billion in emobility within four years (2018 - 2022). As long as Europe and Germany continue to exhibit such a
hesitant attitude, European manufacturers (and also suppliers) will invest more intensively in markets outside Europe, particularly in Asia.

2.4 How to design the transformation process?
No uniform strategy can be detected at this point, neither at EU level, nor at Member State level.
Regarding the fact that China in particular is following a rigorous path to decarbonisation, this is not
only concerning from an environmental policy perspective, but also due to industrial policy. If the
European Union does not pull together, we risk falling behind in comparison with the other global
trade and production centres. As the argument above shows, the transformation of the automotive
sector is already fully underway. So far, there have been contradictory signals from politics and the
industry, particularly with regard to the future of the combustion engine and the development of
alternative powertrains.

Promoting cooperation between companies and with the state
Firstly, it is important that Europe promotes cooperation. Collaboration between different manufacturers in the automotive sector is essential, particularly in the areas of charging infrastructure
and battery research, development and production. However, this also applies to sectors that manufacture complementary products. An industrial transition such as we are currently experiencing
means that enormous investments are necessary: investments that individual stakeholders alone
cannot afford due to a lack of liquidity, or relatively high risk aversion. The public sector must therefore increasingly promote joint ventures between different stakeholders with the same goals, and
possibly also participate in them themselves.

31

Statista. Das Statistik Portal. Weltweite Automobilindustrie, p. 75. [Online] Available:
https://de.statista.com/statistik/studie/id/31199/dokument/weltweite-automobilindustrie-statista-dossier/ [Accessed 13 November 2018].
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Figure 14: https://pixabay.com/de/batterien-laden-symbole-satz-1379208/

Towards a European battery cell production
Battery electric mobility in particular will play a pivotal and prominent role in the mobility of tomorrow. Until now, batteries have accounted for about 40% of the costs of producing a BEV. This alone
shows how central the battery will be for the success of e-mobility. While batteries have a 40%
share in the added value of a BEV, cell production has a 60% share in the production of a battery.
Some European automotive manufacturers and suppliers, but also battery manufacturers already
have production capacities for manufacturing batteries. However, there is still no significant European cell production. Only 1% of global cell production is located in Europe.32
Until now, potential stakeholders with an interest and the know-how in cell production have
been cautious about the establishment of European battery cell production. Amongst automotive
manufacturers, there remains an idea that European cell production cannot survive in the global
competition due to the higher manufacturing costs. This claim is based on the fact that the price of
batteries fell by almost 80% between 2010 and 2017. Having said that, only lithium ion cells have
been produced worldwide until now, with a total capacity of 78 Gwh/a. However, realistic scenarios
predict a global demand of 770 GWh/a by 2025, and as high as 1700 GWh/a by 2030.33
Between 2000 and 2016, the production capacity of lithium-ion cells grew by almost 22% annually. Even if this growth rate is maintained, only 60% of the expected demand can be covered by
32
33

Righi, Marie-Luise; Trapp, Victor and Lorrmann, Henning. Position Paper on Li-ion cell manufacturing in the supply chain. Fraunhofer Institut.
Ibid.
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2025. But another factor could be even more decisive. China already produces a large part of the
available lithium ion cells and will become the largest overall producer of lithium cells within the
next few years. China’s innovation strategy ‘Made in China 2025’ does not stick to the mere introduction of a quota for electric cars; it also expedites further measures to support e-mobility to
achieve its final breakthrough in the most populated country in the world. 34 The majority of cells
produced in China will therefore serve to cover the exponentially increasing demand in the domestic market. It is therefore doubtful whether the development in price will continue to be as favourable as before. In addition, transporting energy cells in itself continues to be a significant safety risk,
as the chemical composition can sometimes lead to serious incidents, particularly in air freight.
The reasons given above vividly demonstrate why European production of lithium iron cells is
necessary and can also be profitable in the medium term. In order to mitigate the risk aversion of
individual stakeholders, a concentration of efforts at national and European level, in a similar way
to Airbus, should be considered. In a constellation of this kind, state investments (which can also
lead to long-term participation) could significantly lower the investment threshold at which private
investors participate. The European Commission has therefore launched the EU Battery Alliance. To
keep up with other global markets, at least €20 billion must be invested in cell production.35

Further development of the circular economy
While there is enough raw material for the predicted growth in demand for batteries worldwide for
the time being, a large proportion of the materials used, such as cobalt or graphite, come from politically unstable countries.36 In addition, these raw materials are sometimes extracted under inhuman conditions. Moreover, the predicted extraction quantity lags far behind the expected demand.
As the proportion of recycled and reused materials will be very high, it is advisable to focus on maximum reuse for environmental reasons and also for reasons of supply security. To ensure these
goals, the regulations on the circular economy initiated at European level must be vigorously monitored and improved. Particularly for battery cells a largely closed resource cycle should exist. To
further this, national and European support mechanisms should here too be pooled, and regulations should be harmonised.

34

Made in China 2025
European Commission Website. 2018. Speech by Vice-President for Energy Union Maroš Šefčovič at the Industry Days Forum on the Industry-led
initiative on batteries / the EU Battery Alliance. [Online] Available: http://europa.eu/rapid/press-release_SPEECH-18-1168_en.htm [Accessed 13
November 2018].
36
For example, the US geological survey 2017 estimates that there are about 14 million tonnes of lithium worldwide, with the current demand of
35,000 t/a.
35
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Promoting modern battery technology
Currently, lithium-ion accumulators/batteries are the most widely used electricity storage in the
electro-mobility sector. However, intense research is being carried out into more powerful and safer alternatives. Currently, the most promising is the so-called Solid-State Battery (SSB). The main
difference from previous accumulators is that the electrolyte in an SSB is no longer in a liquid but in
a solid state. Theoretically, this allows a higher energy density and thus a higher capacity than the
current (same size) lithium-ion technology. In addition, SSBs promise increased safety, as they are
not as flammable as commercial battery storage systems. Furthermore, due to their chemical composition, SSBs are more variable in their form than current accumulators, which would permit more
freedom in the design of vehicles. Some approaches also promise a positive development with regard to the materials used (e.g. ceramics or glass), which would simplify the current problems of
the origin of resources.
Nevertheless, SSBs are not expected to reach market maturity before 2025: another reason to
pool and increase national and European support mechanisms in this respect. The standpoint of
some stakeholders, to await market maturity of advanced technologies before creating European
cell production, could however turn out to be a dangerous misconception. The development of a
lithium-ion cell production is essential in the context of future positioning in the production of SSBs.
The goal of European policy with regards to cell production must be being competitive on the international market. Scale effects and experiences can only be guaranteed in such a way, significantly regarding the more complex SSB production processes. Restricting ourselves to future cell technologies, whose market maturity is still not in sight, would inevitably lead to a dominance of Asian
manufacturers – not only in the cell production sector, but also in other sectors such as raw material production, battery systems and complete vehicles. This forward and backward integration can
already be observed on a large scale. The largest global battery producer BYD entered the automotive market as early as 2003 and has become the most widely-sold Chinese brand. BYD Auto has
also shown an impressive increase in profits — the net profit grew by more than 550% in 2015
alone.37

37

Wallstreet-Online. BYD CO LTD - mit Zukunft ? [Online] Available: https://www.wallstreet-online.de/diskussion/1144634-4931-4940/byd-co-ltd-mitzukunft [Accessed 13 November 2018].
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Expansion of charging and refuelling infrastructure – European Clean Mobility Fund
For years, industry and politics have blamed each other for the lack of real progress in e-mobility.
As mentioned above, both vehicles and technology have reached a stage where mass production
and would be possible without any problems. However, most people delay their purchase of an
electric vehicle because there is still a lack of sufficient infrastructure concerning future mobility. In
particular the industry, who have been preaching ‘privatisation rather than state’ for years now, are
now calling for the state to provide the necessary infrastructure for e-mobility in order to reach the
breakthrough. E-mobility is a promising market and it is only reasonable that those who want to
serve tomorrow's markets contribute to establishing them.
However, there are also voices that blame the lack of availability of (affordable) electric cars
from the manufacturers due to sluggish sales figures. This is fully justified, with only 20 types of
BEVs on offer compared to 417 conventional types of vehicles.38 To break the vicious circle of mutual blame, it would be useful to push forward the concept of a European Clean Mobility Fund
(ECMF). This fund should pool the efforts of industry and public authorities throughout the EU in
order to expand charging and refuelling infrastructures and to establish full coverage as quickly as
possible so that all Europeans can get from A to B, regardless of whether they use vehicles powered
by batteries or fuel cells.

38

The Guardian. 2018. Lack of models, not charging points, ‘holding back electric car market’. [Online] Available:
https://www.theguardian.com/environment/2018/feb/27/lack-of-models-not-charging-points-holding-back-electric-car-market [Accessed 13 November 2018].
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Figure 15: Current infrastructure of alternative fuels | Source: ECMF

Figure 16: Number of existing and needed charging stations | Source: ECMF
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Financing
If the European mobility strategy wants to be successful in the alternative powertrain branch, regulation and ever higher emission thresholds alone will not be sufficient. Furthermore, prohibition will
not be a solution, if the manufacture for the transformation of the transport sector is lacking. It
should also be clear that the EU budget for research and development does currently promote important projects, however, considering the urgent environmental and competitive challenges that
we are facing, the €80 billion euros in the framework of Horizon 2020 still just seem like a drop in
the ocean. Moreover, Horizon 2020 is intended for a period of six years period which decreases the
early research budgets. The final report of an independent High-Level Group comes to this conclusion as well and calls for the next research and development programme to be equipped with at
least double the financial means.39
But where does or where should the money come from? On the one hand, the subsidies for
diesel could be removed, as suggested by the current head of the Bundesrechnungshof (German
institution for government audit), Kay Scheller;40 on the other hand, it must be ensured that average earners are not disproportionately burdened. What will be even more important is to turn our
backs on the austerity dogma of previous years. What we need is a comprehensive investment programme. Investments in infrastructure and pioneering technologies are not an end in itself. Rather,
they are the foundation for an economically and socially successful future. The public sector should,
nonetheless, not invest for free and hold shares in the investments made in order to gain long-term
returns.

39

European Commission (DG for Research and Innovation). 2017. Report of the independent High Level Group on maximising the impacts of EU Research & Innovation Programmes. [Online] Available:
http://ec.europa.eu/research/evaluations/pdf/archive/other_reports_studies_and_documents/hlg_2017_report.pdf [Accessed 13 November 2018].
40
Berliner Morgenpost. 2017. Höhere Dieselsteuer soll dem Staat Milliarden bringen. [Online] Available:
https://www.morgenpost.de/politik/article212352849/Hoehere-Dieselsteuer-soll-dem-Staat-Milliarden-bringen.html [Accessed 13 November 2018].
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III AUTOMATED AND CONNECTED DRIVING
Automated driving (also known as autonomous or piloted driving) is generally understood as travelling in a vehicle which performs all necessary steps automatically, not being dependent on any driver or human intervention. A computer in the vehicle assumes control, recognising its environment,
orientates itself and navigates by means of sensors, cameras, radar and other technologies.
Autonomous vehicles do not necessarily have to be connected. There is no general definition
for cars to be called ‘connected cars’, however, it is assumed that a connected car can communicate with other vehicles (V2V, vehicle to vehicle), the infrastructure (V2I, vehicle to infrastructure)
or the rest of the environment (V2X, vehicle to x). This definition also includes functions such as ecall (automatic emergency call in the event of an accident), GPS navigation or internet connection
integrated into the vehicle. Although experts agree that vehicles can drive autonomously without
connectivity functions, a combination of both is a much more promising solution since connectivity
can increase the safety, convenience and functionality of the vehicle.
Today, all modern vehicles include driving assistance systems that technically count as precursors to autonomous driving. Cruise control, automatic distance control, lane keeping assist systems
or automatic braking systems each take over a sub-function of driving, although drivers must always retain control of the vehicle and be able to intervene. As the combination of several of these
systems gives the impression of partially automated driving, a classification has been developed to
outline the different levels of automation.
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Figure 17: The different levels of autonomous driving | Source: SAE International

In the current debate about opportunities and risks of autonomous driving, most discussions concern high automation (level 4) or full automation (level 5). Almost all automobile manufacturers as
well as corporations from outside the industry such as Google or Apple are working to develop level
5 vehicles.
One of the greatest uncertainties is the question of when fully autonomous vehicles can enter
the market and how quickly they can penetrate it. While manufacturers, suppliers and developers
very optimistically assume that autonomous vehicles will be brought onto the roads in the first half
of the 2020s, think tanks and the scientific community assume that this stage will only be reached
in the second half of the century.41 It remains unclear whether the heralded vehicles can really
move autonomously in any driving situation or whether full functionality can only be possible in
environments that are easier to control, e.g. motorways or cross-country driving areas. Motorways
are a simpler environment as traffic flows in the same direction, fewer road users are involved and
41

Driverless-Future Website. Driverless Car Market Watch. [Online] Available: http://www.driverless-future.com/?page_id=384 [Accessed 13 November 2018].
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the overall situation for the vehicle is clearer. For instance, the first tests in Germany had been carried out on motorways, and only recently seven cities were incorporated into the digital test field.42
To meet the complexity of urban transport, MCity was built in Michigan. MCity represents a unique
environment for testing autonomous vehicles under all kinds of situations which can be simulated
before the technology is released into the real world.43
Regardless of the question of when the first models will enter the market, experts agree that
the proportion of autonomous vehicles in the European fleet will be greater than 80% by 2040. 44
Commercial users such as taxi or bus companies in particular, as well as logistics, transport and delivery businesses will have a marked interest in the use of autonomous vehicles due to their extensive vehicle use. If the general pattern for the use of different modes of transport does not change
substantially from the current one, it can be assumed that an individual demand for autonomous
vehicles may accelerate the introduction into the market and fleet renewal. In the following section, opportunities as well as risks, consequences for the economy and society, and challenges for
politics are discussed.

3.1 Benefits and challenges of automated mobility
Increased traffic efficiency is always cited as the greatest benefit of automated driving. The greatest
inefficiencies are currently stationary traffic (e.g. red lights, traffic jams, parked vehicles), accidents
attributed to human error, unreasonably high fuel consumption and the time needed for the driving itself. In an ideal scenario with exclusively autonomous and connected vehicles, passengers
could use their driving time for work or leisure activities. Stationary traffic would be reduced to a
minimum thanks to direct communication between vehicles and their environment and the resulting disappearance or minimisation of most traffic lights and stop signs. At the same time, travel
speed and fuel consumption would be optimised and the likelihood of accidents would be reduced
to almost zero.45 Accident research currently assumes that over 90% of all traffic accidents can be
attributed to human error. Automated systems such as emergency brake assist have already
achieved a 17% reduction as seen in the figure above. If all accidents which happen due to human
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Kommunal. Wir gestalten Deutschland. Website. Autonomes Fahren auf kommunalen Testfeldern. [Online] Available:
https://kommunal.de/artikel/autonomes-fahren/ [Accessed 15 November 2018].
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Mcity Test Facility Website. Mcity Test Facility Features. [Online] Available: https://mcity.umich.edu/our-work/mcity-test-facility/ [Accessed 15
November 2018].
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Policy Network Special Report. 2016. Freeing the Road: Shaping the future for autonomous vehicles, p. 37. [Online] Available: http://www.policynetwork.net/publications_download.aspx?ID=9457 [Accessed 15 November 2018].
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Bosch. Press Release. 2017. Connected Car Effect 2025. [Online] Available: http://www.bosch-presse.de/pressportal/de/en/bosch-study-showsmore-safety-more-efficiency-more-free-time-with-connected-mobility-82818.html [Accessed 15 November 2018].

32

III. AUTOMATED AND CONNECTED DRIVING
error were prevented, one million fewer accidents with personal injuries would occur. With full
automation and connectivity without technological errors, Vision Zero and the complete absence of
road traffic accidents could become a reality by 2070.46

Figure 18: Number of traffic accidents with personal injuries in the EU from 2001 - 2015 | Source: European Commission
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Autonomes Fahren Website. 2016. Unfallforschung & Autonomes Fahren. [Online] Available: http://www.autonomes-fahren.de/unfallforschungautonomes-fahren/ [Accessed 15 November 2018]; see also: McKinsey. 2015. Ten ways autonomous driving could redefine the automotive world.
[Online] Available: https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/ten-ways-autonomous-driving-could-redefine-theautomotive-world [Accessed 15. November 2018].

33

III. AUTOMATED AND CONNECTED DRIVING
Additional benefits can be generated in a scenario in which vehicles are no longer exclusively privately owned and used, but rather made available in carpooling or ride-sharing schemes. This will
increase the use in a car’s ‘lifetime’ since – at least theoretically – they could move constantly without a driver. At the same time, less surface area will be needed for parked vehicles, and the building
environment in urban and rural areas can be oriented more towards people rather than cars. This
could bring a massive gain in housing and living quality.
However, the ideal scenario includes challenges. As the availability of individual means of
transport increases and convenience levels rise, there will presumably be more single journeys than
before. Thus, sharing services will carry out more ‘empty journeys’. It can be assumed that a transition from public transport to automated individual vehicle transport will take place at a time when
individual vehicle transport is available at a cheap price. Although personal transport will be optimised in line with consumption, this will lead to a higher level of fuel consumption in total (in the
case of combustion engines) or energy due to the increase in single journeys and especially ‘empty
runs’.
In addition, many negative impacts on the labour market are expected. The disappearance of
jobs in the transport and taxi industry is incontrovertible. It is difficult to predict in how far the loss
of these jobs can be compensated by new job profiles in the transport sector or with work linked to
new technologies. Assuming that new jobs will require a higher level of qualification than those
being lost, political intervention is urgently required in due course. Existing mechanisms such as the
European Globalisation Adjustment Fund must therefore be enhanced to provide further training
for workers. Workers need to be prepared for new requirements parallel to the developments in
the automotive sector, rather than – as it is the case now – only acting when redundancies have
already occurred.

Problem areas
Despite initial attempts to provide the phenomenon of autonomous driving with a legal framework,
many questions for the specific configuration remain open. Four problem areas seem to have
evolved: vehicle safety or system security, data protection, liability and social acceptance. Although
experts assume that autonomous vehicles will contribute significantly to greater traffic safety, it will
be a large regulatory task to redefine rules of type approval. This includes definitions of technical
requirements – as is the case with conventional vehicles – particularly with regards to hardware as
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well as the reliability of the software in use. A car simply cannot be restarted like a mobile phone if
the system crashes. Furthermore, it has to be clearly identified what the software of an autonomous vehicle should be able to do, what such a software is allowed to do and what not. Should autonomous vehicles always stay within speed limits and abide by all traffic rules, even if it would be
smarter to deviate from them? How, where and from whom can artificial intelligence learn about
road traffic? Should autonomous vehicles be strictly ‘defensive drivers’; or should ‘sporty’ or ‘aggressive driving’ manners be allowed in some cases? These technical and empiric challenges are the
simpler issues which need to be solved in comparison to ethical discussions in newspapers which
raise the question of how cars should decide in life threatening situations. If autonomous cars are
programmed to be ‘defensive drivers’, however, these debates shall remain theory rather than becoming relevant in practice.
One aspect of driving safety has to be considered in particular: it is the aspect of IT security.
Since autonomous vehicles are controlled by computers and hence, permanently connected to the
internet, there may be security gaps. Hacker attacks on autonomous vehicles could have consequences and put lives at risk. As a result, standards to protect vehicles must be developed and the
backend has to be protected against unauthorised access, unwanted and harmful intervention, external control and data theft. Unlawful hacking attacks may not only affect users but also innocent
third parties such as pedestrians and cyclists. Therefore, security aspects should not merely be addressed and solved by manufacturers and politicians alone. Rather, science and other competent
organisations should be involved into this process as well.
With automation and the associated connectivity, immense quantities of data will be generated, transferred and stored. Hence, the question of what role data protection plays here and, in particular, how the processing, storage and transmission of data is regulated arises. And how should
generated data be classified? The first problem appears as early as we try to classify data, since data only become significant in conjunction and in combination with other sets of data and, data can
have different meanings depending on the contextual situation. As a result, purely technical, environmental or location data may turn into personal data depending on the context and situation.
It must be ensured that unnecessary personal data is not generated and that no processing
takes place without explicit approval of the user. A possible approach here is the concept of data
stewardship, which can be applied to autonomous and connected vehicles. As data stewards, users
would be the owners of their personal data. They should be informed on the material of data which
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already exists about them and, simultaneously, how such data material may be used in the future.
Moreover, users should be able to control the data which could be passed on to third parties in
certain situations. Another possible approach would be to consider data not as a personal property
per se but as a public good. Aside from commercial use, much of the data gathered could be used
to support and improve traffic planning or increase the safety of traffic.
It will certainly be possible to use data for liability questions in case of an accident. In principle,
every autonomous vehicle – which could have also been steered by human being – will have to be
equipped with a black box, similar to those in aircrafts, recording facts as to who was actively in
control. Fully autonomous vehicles should always save driving data. This would resolve the question
of whether human being or a computer was in control, and hence the question of liability. Insurance companies may welcome such practice since it can be clearly determined whether the user or
the manufacturer shall be held liable in case of an accident. With regards to automated vehicles
which can also be controlled by a driver, manufacturers should be held liable during the transition
phase from autopilot to human steering in order to ensure a high safety level for driving cars.
A further aspect for autonomous vehicles to become prevalent is a strong social acceptance. It
begins with the simple willingness to accept autonomous vehicles on the road as well as the willingness to use these vehicles. Potential fluctuations on the labour market must be compensated by
training measures, e.g. gaining additional skills, re-training and targeted qualifications in order to
prevent a backlash against this technology. If the additional benefits of autonomous vehicles are
visible to the majority of the public, a large-scale acceptance can be expected.

3.2 Scenarios for automated mobility – consequences for manufacturers
Automation in the transport sector will lead to changes of user habits as well as the form of ownership. Whilst traditional manufacturers merely aim at the automation of privately owned vehicles
which can still be steered by human being even at level 5, non-industrial tech companies are heading in a completely different direction by radically considering the vehicle without a driver.
If one assumes that mobility behaviour will turn away from individually owned and used vehicles towards collective systems as well as shared modes of transport, this scenario may have an
impact on manufacture. Industries which are still focussing on private vehicles may face potential
competition from other ‘disruptive players’. As a consequence, the regulatory framework which is
determined by politics plays a significant role for the development of sales performance. Further36
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more, legislation will be crucial in order to solve the question of which type of vehicle will be in demand in the future. If the current path of decarbonisation continues, including a ban on individual
transport from urban centres as well as the strengthening of public transport, a broad market for
larger, collectively used autonomous vehicles will develop. These autonomous vehicles can then be
used to supplement railways, subways, buses and trams.

3.3 Consequences for employees and society
According to Eurostat, drivers of taxis, buses and commercial goods vehicles represent about 5% of
the workforce in the EU28.47 If driving no longer needs to be performed by human being, most of
these jobs will probably disappear. It is uncertain whether freight drivers, for example, will take on
other activities associated with delivery, or whether their activities will be completely restructured.
Even in the taxi industry, it can be assumed that a service will still be available for people without
smart phones and digital access. Nonetheless, it is indisputable that there will be massive upheavals
in the transport sector.
While the drivers’ activities will disappear, new jobs will arise through the implementation of
new technology. No modernisation wave ever has, despite countless concerns, led to a negative
employment balance — although distortions in individual sectors or occupational fields should not
be trivialised.48 The biggest challenge in this context is not letting those affected drift into unemployment, but rather finding solutions through retraining and acquiring further qualifications. Government agencies, the industry and the transport sector need to cooperate in order to reach this
goal. Apprenticeships, vocational training and continuing education could be a starting point. The
content of professional training and the curriculum of academic study must be adapted to these
challenges. Those responsible for establishing teaching schedules and course content should consider sector-specific developments and include necessary requirements in consultation with industry and companies. With regards to vocational training and continued education, companies must
make use of competence and experience which their employees have already gained, and expand
these with specific additional qualifications. In addition, financing from the European Social Fund or
the Globalisation Fund provides further support. Politicians, however, have to make sure that exist-
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Policy Network Special Report (Freeing the Road), cited in footnote (n 45), p. 40. Positive effects on the labour market are estimated at 1% to 5% of
the annual GDP.
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Mechanical loom, steam engine, automobile or computer: none of these led to a net loss of jobs. The automobile made many coachmen unemployed, but also created many new jobs.
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ing support measures are applied in a more flexible way and that these measures are adjusted to
the developments of the future.
Not only lies the challenge in machines taking over manufacturers’ activities, but also in the interaction between human being and machines. It is still completely unclear if and how autonomous
vehicles will manage to correctly interpret the movements and gestures of pedestrians, for instance, at zebra crossings. As road traffic does not function exclusively according to the existing
rules, but rather requires some coordination between road users and mixed traffic, including autonomous and non-autonomous units, this presents a major challenge. At the same time, people
will have to get used to communicating with machines.

3.4 Impact on traffic flows and spatial design
The precise impact of the proliferation of autonomous vehicles on road traffic can only be assumed.
Based on the possible impacts mentioned above, the following scenario can be surmised: After a
long transitional period in which autonomous and traditional vehicles co-exist next to each other,
on most roads only autonomous vehicles will be permitted. Particularly in urban spaces, transportation by individual vehicle transport – privately owned – will no longer be pursued. Rather, shared
autonomous vehicles, which either belong to a private fleet operator or form part of the public
transport system will be used in cities. To reduce road traffic as a whole, flexible autonomous minibuses with variable routes will feed the public transport system. Using the example of Lisbon, the
OECD’s International Transport Forum showed that shared autonomous vehicles could replace 90%
of the traditional vehicle stock.49 A slightly adjusted version of this study for the Stuttgart region,
which considered a combination of shared autonomous vehicles and public transport came to an
identical conclusion;50 and a similar scenario was developed for Milan in combination with other
modes of transport such as bike-sharing.51
On the whole, the number of private cars will be reduced through automation, and fewer parking facilities will therefore be needed. Since, depending on the city, between five and ten per cent
of the city space is currently occupied by parking spaces, large areas would be available for alterna49

OECD. International Transport Forum. 2015. Urban Mobility System Upgrade. [Online] Available: https://www.itfoecd.org/sites/default/files/docs/15cpb_self-drivingcars.pdf [Accessed 15 November 2018].
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Nahverkehrs. Schlussbericht vom 12 Dezember 2016. [Online] Available:
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d-fine Gruppe. Urban Mobility: Mailand 2030. [Online] Available: http://www.d-fine.com/unternehmen/aktuelle-themen/urban-mobility-mailand2030/ [Accessed 15 November 2018].
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tive use again.52 Depending on the circumstances, the current vehicle fleet could be reduced by an
amount of 80% or more, and consequently only one or two per cent of urban space would be used
for parking. Conservative estimates assume parking requirements of about 3% in city areas.53
A further desirable effect on cities through autonomous vehicles is the reduction in traffic volume. It should, however, be noted that the increased convenience of the usage of autonomous
vehicles, considering the aspect that one can spend time on other things rather than driving, may
lead to an increase in the demand of rides, and therefore, to an increased traffic volume. This is
why smart political control is necessary to prevent such a scenario: higher taxes; congestion charges for individual autonomous vehicles; price differentiation depending on the number of passengers and a well-developed, effective and attractive public transport system could be adequate
counter-measures.

3.5 Economic effects and consequences for public budgets
Generally speaking, one can assume that the market launch of autonomous vehicles will have significant positive effects on the economy. The magnitude, however, will depend on whether politicians actively structure this process or whether they only react to market developments. One significant aspect of autonomous driving is additional free time which we can spend in the vehicle. Drivers are currently forced to drive themselves, and can at best make telephone calls with a handsfree devices. If the time spent on driving and in traffic is available for other activities, whether it is
work, leisure or relaxation, a positive effect of 3% of GDP is possible.54 If the time gained from a
potential reduction in traffic is included, even 4% may be reached.
A clearly positive effect can be expected from a reduction in the cost of traffic accidents. The
cause of over 90% of all accidents can currently be attributed to human error. 55 As a result, it can
be assumed that automated vehicles will almost completely prevent these accidents or reduce their
consequences, so that fewer people will be killed or injured; and there will be less material damage.
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The World Health Organization estimates the current economic damage of accidents to be about
3% of annual GDP, which would be about €450 billion for the EU28. 56
Possible savings and hence, economic gains resulting from fuel savings due to more efficient
driving are rather speculative. The more efficient way of driving with autonomous vehicles will be
evened out— either partially or completely — by additional trips since the comfort in travelling will
increase generally. Provided traffic is still powered by combustion engines, each journey would
consume less fuel and release fewer emissions, but both would increase in total. The environmental
impact could however be minimised with the same vehicle use impact if electric vehicles were used
— assuming the electricity was generated from a renewable source.
The largest gains are expected in the area of the built environment (city design) and the labour
market (see above). As already indicated, up to 10% of city space is reserved for parking, and is
thereby unavailable for active usage. If the majority of this area is freed up, welfare gains for inhabitants will result from the larger and more open spaces alone. In addition, open spaces could be
greened and made available for leisure use. Here between two and four per cent of annual GDP
could be expected as welfare gains. If traffic volume decreases as a whole, whole lanes could also
be eliminated and made available for cycling or other uses, for example. The added value for society would be many times higher.
This is offset by significant investments that are required in infrastructure and public transport
as well as possible losses in the transport, repair and spare parts sectors. If all accidents due to human error are actually prevented by autonomous driving, maintenance and repair workshops will
lose a significant amount of trade. However, there would be free capacity for the presumably more
intensive maintenance of the new vehicle types. As autonomous vehicles will presumably be more
heavily used — theoretically 24 hours rather than one hour per day — there would be more wear,
which could compensate for the loss of maintenance. Investments in infrastructure for autonomous
vehicles mainly involve costs for the renewal and upgrading of existing infrastructure,57 changes in
traffic management and planning costs. Since these are necessary anyway and can be conducted
over a long period of time, experts assume that the costs will take on a negligible order of magnitude.58 Investments in public transport are more significant. If cities follow the goal of having as
56
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little individual vehicle transport as possible, new vehicles (buses, trains, trams) must be procured
to cover the additional demand and to be able to offer a frequent service that is attractive to passengers. In addition, the rail infrastructure must be expanded and adapted. Additional costs will be
incurred if autonomous feeder vehicles are used to supplement scheduled services and routes as
well. As automation on the road and probably also on the railways can provide labour savings, part
of the investments can be amortised in this case.
The question remains as to whether the loss of income from parking management will be a
problem. As the freed-up area will become available for new economic activities on the one hand
and will improve the well-being of the inhabitants (and also their productivity) on the other, these
should compensate for the missing income.

3.6 How to design the transformation process?
Having presented the opportunities and challenges of autonomous driving, as well as the expected
positive and negative economic effects, a scenario for an automated, decarbonised mobility will
now be outlined. For autonomous vehicles to be accepted by users and introduced onto the market
by manufacturers, regulatory obstacles must first be removed and the legal framework must be
clarified. The additional tests which an autonomous vehicle must undergo before being launched
onto the market must be clearly defined. According to the precautionary principle universally accepted in Europe, the ‘automated driver’ must keep strictly to the traffic regulations and speed limits, drive more cautiously and thus avoid dangerous situations as a matter of principle. A more defensive driving style will also minimise the risk that a vehicle will get into a situation where an accident can no longer be avoided and a decision on death or injury must be made — the mostdiscussed hypothetical nightmare scenario.
It must be specified by law that every vehicle needs a black box, which records when and how
the computer is driving and, if this option is available at all, when the person is driving. To simplify
the handling of autonomous vehicles both for passengers and also for other road users, teaching
plans in schools and driving schools must be adapted and broad-based awareness campaigns (like
‘Der 7. Sinn’) [The 7th Sense — a German public information film series from the 1970s] must take
place.
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3.7 Traffic System Design: Following Antiquated Logics or Breaking New Grounds?
Autonomous driving requires and enables a completely new design of the transport system in conjunction with new, zero-emission powertrains and digital mobility concepts. If there is no need anymore, owning and driving one’s own vehicle, the required transport can run more efficiently and
with fewer vehicles. Collective autonomous transport as a supplement to the public transport system makes many individual journeys redundant and above all enables the surroundings to be designed according to the needs of citizens. The decisive factor here is to take political steps to promote autonomous vehicles and their integration into the public transport system, while individual
motorised transport becomes less appealing. In this kind of scenario, the individual and economic
welfare gains will be maximised. The controlling function of politics is particularly significant. To
prevent an increase in traffic as a whole, collective transport must be established early on as an
attractive, reliable and affordable alternative to individual transport. Combined with an effective
public transport system, a new path can be forged in transport, which generates less pollution, less
wasted time and greater efficiency.
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The profound changes in the powertrain sector combined with the possibilities of autonomous and
connected driving will change individual, but also collective mobility behaviour. A further dimension
of the term ‘Mobility as a Service’ (MaaS) will gain further importance in the future. A large number
of studies assume that car ownership will become less important for individuals and conversely the
availability and convenience of a connection from A to B will have an effect in choosing a means of
transport. This already becomes clear by the starting and finishing point on Google Maps getting
results for walking, cycling, or taking the bus, subway or taxi.

Figure 19: Thanos Pal on unsplash.com

This development, which is especially promoted by private providers of taxi services (Uber, Lyft
etc.), presents a challenge to all public transport providers. On the one hand, the private sector
shows the possibilities that result from relatively new technologies and the potential that digitalisation and connectivity can have in the transport sector. On the other hand, they challenge the classic
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public transport system model, in which routes and frequencies are predefined in a rigid system
and where complex price systems often discourage usage.
However, there are also major opportunities for public transport stemming from these developments. Digitalisation and new technologies can mean increased appeal, opening up to new customer groups, making usage simpler and positively changing the price/performance ratio compared
to individual transport — if investment is made in infrastructure, new technologies are adopted and
different transport systems and modes of transport are integrated.

4.1 Urban mobility
In 2016, more than three quarters of all Germans lived in cities59, and the larger cities in Germany
had shown constant population growth for many years. Increasing urbanisation leads to many
problems, many of which become visible in traffic: blocked roads, noise and air pollution, overcrowded trains and buses in rush hours and a lack of parking spaces. Nitrogen oxide limits being
persistently exceeded in many cities has now even led to the possibility that driving bans for diesel
cars may be imminent.60 Solving the problem requires more than short-term individual measures —
changes are needed in the whole public transport system in the city while exploiting the full potential of digitisation and automation.
The problem in urban transport is motorised individual transport — or, simply put, the passenger car. Diesel engines are the biggest source of nitrogen oxide in cities. Cars with any kind of engine require a disproportionate amount of space to travel in and also at a standstill, and motorised
individual transport competes with cyclists, pedestrians and communal transport for driving lanes
and public space. Individual transport is also less efficient and emits many times more pollutants
per passenger kilometre. Exhaust gases, traffic jams, noise and competition for space pose an urgent problem for many city dwellers, which requires a solution.
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Figure 20: Proportion of the population in Germany and worldwide living in cities between 1950 - 2010 and prognosis to 2030 |
Source: UN DESA

Whilst in the past, traffic planning has always been carried out with a focus on individual car
transport, now and in the future incorporating the technical possibilities that digitalisation and automation offer, and also take into account developments such as MaaS or increasing acceptance of
sharing services.
Two goals would essentially have to be pursued: reduction of individual transport with simultaneous transition to public transport. According to studies, autonomous minibuses that allow a
connection to the public transport network allow up to 90% of the current urban private vehicle
traffic to be replaced. At the same time, the studies show that to truly relieve the important thoroughfares and urban centres, an effective local transport system that provides large and efficient
means of transportation with suburban rail, subway, tram and bus is needed.61

61

See footnotes (n 49),(n 51) and (n 51).
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For these to be adopted, public transport services must also be at an attractive price and more
comfortable for users than the alternatives. If it is more agreeable to spend the time in a traffic jam
in an autonomous vehicle than traveling in a communal mode of transport faster, but less comfortably, there will be no solution to the traffic problem. To implement this scenario, investment in vehicles, infrastructure and customer services is required. The service provision must be expanded
and at the same time, the costs of use must be kept as low as possible. In principle, a largely automated transport system can keep staffing costs under control and can thereby keep operating costs
low. Moreover, services adapted to personal needs with autonomous minibuses could be offered in
addition to normal service routes, which can be called via an app or the internet and may therefore
react flexibly to different requirements.

Figure 21: Space needed to transport 60 people | Source: Pressebüro der Stadt Münster

In addition, the whole range of the potential of digitalisation must be used: consistent digitalisation of ticketing or real-time schedule notifications at stops and online as well as notifications on
travel times and service disruptions. This also includes the integration of additional services into
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already-existing services, such as taxi services (classic or e-hailing), carpooling, ride-sharing or bike
sharing. It is of secondary importance whether the public transport providers offer these services
themselves or mediate services offered by third party providers. Payment and clearing between the
parties should not present a problem in the digital age. The same applies to the transition between
different public transport systems: the option to purchase an (e-)ticket that is recognised in two or
more networks is long overdue and could increase the use of the public transport system.

Bicycle
The bicycle must gain a higher importance in urban transport. It is environmentally friendly, spacesaving, versatile and healthy, in addition e-bikes can be used in hilly cities or by people who can no
longer ride a normal bicycle. Cargo bikes are already used in many cities, to replace cars for transporting shopping or heavier loads. Moreover can cargo bikes be rented in many bike-sharing systems?
To achieve a greater uptake of cycling, the infrastructure must also be adapted to the needs of
cyclists. If car traffic is reduced and switched to autonomous fleets, there will be more free space in
cities to set up cycle lanes (the term ‘bike motorways’ should be avoided here), to make cycling
quicker and more convenient. In order for commuters to participate in the changeover to cycling,
public transport would have to become bicycle-friendly while the road infrastructure between the
city and suburbs or between cities would also have to be converted to suit cycling, with own lanes
and air- and water filling stations, where minor repairs are also possible. The textbook example of a
successfully implemented bicycle infrastructure is Copenhagen62, but there are also some fast cycle
lanes in Germany, which allow cyclists to ride quickly and conveniently.63 The so-called ‘Copenhagenize Index’ has been created based on 13 different criteria, which evaluate the bicyclefriendliness of cities with over 600,000 inhabitants.64

4.2 Rural Mobility
Automation and digitalisation can revolutionise local public transport in rural areas. Mobility in the
countryside without a private car is currently unthinkable. The area coverage of public transport is
inadequate, timetables are inadequately synchronised and the running times are usually not adjusted to users’ needs.
62
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Figure 22: Matheus Bertelli on pexels.com

Comprehensive use of autonomous vehicles removes the largest obstacles to appropriate coverage: costs for driving staff, fixed timetables, limited operating times. Young people, people without driving licences, the elderly, and people with limited mobility would be more mobile and could
regain more quality of life in rural areas. Rural areas could thereby also be better connected to
middle-order centres and larger cities, and one of the most significant reasons for the rural exodus
would be eliminated. A further opportunity for local transport in the countryside would be the integration of ride sharing and carpooling services. As well as providing a service at times with high
passenger volumes (school buses, factory shuttles for shift changeovers), individual mobility needs
can also be covered and ownership of a private car would be less necessary. To avoid traffic and
increase efficiency in the countryside, transport of goods and passengers could be jointly conceived
again, like the stagecoach in past times. Post and other delivery services could be integrated into
ride-sharing and thereby generate additional income.
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4.3 Long-distance transport
When the new ICE section between Berlin and Munich opened in December 2017 the travel time of
only about four hours was celebrated as a milestone for fast rail transport in Germany. However,
this can only be a first step: greater investment in rail infrastructure is urgently required so that the
existing infrastructure can be upgraded. Faster trains will require strengthened infrastructure and
adequate noise protection. New railway routes must be considered in order to improve connections between large cities so that the railway is able to compete with the aeroplane and longdistance bus as an ecological alternative. The trans-European transport networks already provide
the basis for doing this on a European level. The experiences of countries with a successful highspeed rail network (France, Spain, Belgium) could be incorporated into this.
In addition to these direct investments, the introduction of synchronised timetables must be a
goal. Coordinated timetables for high-speed trains, express trains, regional trains and local
transport allow favourable connections to be created, optimising waiting and transfer times. In addition, there must be consistent digital ticketing, digitalised passenger information and timetable
information in real-time, so that rail use becomes more congenial. To remain competitive, the railway must broaden its horizon to include the integration of further mobility services. Whether the
rail services themselves will offer carpooling or ride-sharing, for example, is immaterial. The important issue is to incorporate intermodal offers into digital mobility platforms. A European solution
should be available in this respect as well, preferably in the form of a common European mobility
platform. New modes of transport such as the Hyperloop could also be further pursued as a European infrastructure project. The Hyperloop‘s, of achieving three times the speed of a high-speed
rail system at only two-thirds of the cost, makes this technology interesting.65 Integration into the
existing rail system is easily possible and underground routing prevents noise pollution during operation. For longer distances, the Hyperloop would also be an alternative to flying.

65

WirtschaftsWoche. Hyperloop-Teststrecke. Drei Sekunden Zukunft. [Online] Available: https://www.wiwo.de/technologie/gadgets/hyperloopteststrecke-guenstiger-als-traditioneller-schnellzug/13584674-2.html [Accessed 15 November 2018].

49

V. FREIGHT TRANSPORT
V FREIGHT TRANSPORT
Freight transport has increased in recent years and decades, in some cases significantly. While
freight transport is becoming more and more efficient, at the same time transport volumes are
growing in conjunction with economic growth. At the same time, the trend continues towards lean
management or lean production, which brings with it a higher frequency of single transport services. Furthermore, constant globalisation of production, sales and also services has led to the continued growth of freight transport — by 0.5% per year between 2000 and 2015.66
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Figure 23: Nigel Tadyanehondo on unsplash.com

As it is assumed that this trend will continue in the long term, ways must be found to sustainably
decarbonise freight transport.

5.1 Modal Split – from road to rail
A shift in the modal split67 in freight transport towards environmentally friendlier transport systems, such as railways and inland waterway transport, is worthwhile. A positive development has
been seen in this respect between 2010 and 2015, but road transport of goods continues to domi-

67

Distribution of traffic volume on different modes of transport.
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nate at over 50.6%.68 The long-term strategy must be to shift a significant proportion of road freight
transport to rail. Rail is much more energy efficient and therefore has an unrivalled carbon footprint — rail transport emits up to 15 times less CO2 than heavy goods vehicles transporting the
same volume. A reduction of freight transport by road also helps to significantly relieve pressure on
overcrowded traffic routes that are often at the limit of their capacity. To achieve this, rail transport
must become more attractive. Firstly, the existing infrastructure must be expanded to increase flexibility, and secondly, a level playing field must be created with road transport: while many traffic
routes in Europe have no – or only low – tolls, network charges apply for rail freight transport
throughout Europe, which artificially reduces the cost of freight transport by road.

5.2 Decarbonisation of road freight transport
Even if large volumes of freight transport can be shifted from road to rail in the future due to positive developments, road freight transport will continue having a dominant role in the modal split
due to its greater flexibility. Even now it is responsible for 27.4% of greenhouse gas emissions in the
transport sector — an upward trend.69 For this reason, it is essential to demonstrate ways to decarbonise road freight transport in the medium and long term. It is important to note that heavy goods
vehicles are already relatively efficient, particularly in comparison with individual transport. Nevertheless, the most probable route for this sector is also electrification.
Many stakeholders might consider battery driven electric motors to be the ideal solution in the
heavy goods sector too, but great scepticism also exists about whether this can be done efficiently
and cost-effectively regarding the range that is required (heavy goods vehicles currently have a
range of several thousand kilometres). The charging speed of a battery is still considered by many
to be an obstacle to market penetration in the car sector; currently it would be hardly practicable
for heavy goods vehicles. It is difficult to reach a definitive conclusion on this subject, as it still cannot be exactly predicted how battery technology will develop in the future.
The ‘electric road system’ model is also discussed. In that scenario in which heavy goods vehicles with a pantograph — similar to a tram — draw electricity from an overhead line while driving
and cover the remaining distance apart from the overhead line either with a charged battery and a
68
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limited range or an internal combustion engine. Although this represents an efficient and low-loss
option for the electrical powertrain, it is questionable how the permanently installed infrastructure,
that is required across the board, can be implemented and financed on all major motorways and
roads. The enormous investments for haulage companies might be another obstacle. While the
total costs calculated over the useful life of the HGV (total cost of ownership) are lower than for
diesel, upgrading an HGV currently costs about €50 000 and is therefore financially unviable for
many small and medium sized companies.
Fuel cells are also an important alternative. These have a considerable advantage over batteries, particularly when it comes to range. Another advantage is that hydrogen refuelling points are
relatively straightforward for cars and trucks to use. Furthermore, hydrogen is also the raw material
for synthetic fuels, which could also play a role in the heavy goods sector. Unlike for private vehicle
transport, the use of synthetic fuels or gases in the heavy goods sector is practical in the medium
and long term, especially if combustion engines are already increasingly switched to gas-powered
powertrains.

5.3 Platooning
Regardless of the type of drive, platooning is an interesting approach. Several vehicles are connected very close behind each other using a technical control system. The following vehicles drive autonomously and orient themselves to the leading vehicle. This increases road traffic safety; drivers
get a break during the platooning time and the short distance between vehicles reduces air resistance, cutting fuel consumption (and thereby also greenhouse gas emissions) significantly.
The SARTRE (Safe Road Trains for the Environment) project was promoted by the EU as early as
2012, to trial platooning. The seven project partners in total coupled up to three trucks and cars at
90 km/h which autonomously followed the lead vehicle. Four years later, convoys of three to ten
trucks from different countries were able to drive to Rotterdam for the European Truck Platooning
Challenge 2016.70 The knowledge gained from these and other trials now contributes to initiating
the measures required in further development, regulation and technology, to make platooning a
reality by 2025.
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A detailed evaluation can be found in the report: European Truck Platooning Challenge 2016. Creating next generation mobility. [Online] Available:
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VI CONCLUSION
The proposals are on the table. This paper does not reinvent the wheel. There are many concepts
for successfully driving forward decarbonisation and automation of the transport sector. However,
these are often lost in empty talk and promises. This paper does not see the need to introduce any
bans, such as on the combustion engine. Instead, policies should set emission thresholds, guidelines
and standards and use targeted public investment (at European level) to ensure that the transformation of the mobility sector is sustainable.
Germany and Europe can hardly afford to fall behind internationally in this key industry sector.
For this reason, significant investments must be forthcoming at European level. A shared EU budget
would be an important precondition for creating the necessary infrastructure for a decarbonised
and automated mobility throughout Europe. At the same time, national research and investment
programmes should be harmonised in order to reduce redundancy. It is currently not possible to
say with certainty whether the share of employment in the automotive industry, or in the transport
sector as a whole, will be greater or smaller at the end of the transformation process than it is today. However, a refusal or delay in actively shaping this process, whether from the political or industrial side, would cause lasting damage to the whole sector.
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