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Abstract

This report presents the findings of the study on exploring the possible employment implications of
connected and automated driving (CAD). The study was implemented on behalf of the Directorate-
General for Research and Innovation (DG RTD) of the European Commission. It provides an
analysis of the short, medium- and long-term impacts of CAD on jobs, employment, skills and
knowledge, as well as an investigation and elaboration of options in key policy areas in order for the
European Union to take timely action. The main report presents four different scenarios outlining
future CAD deployment and fleet compositions up to 2050. The main part of the report provides an
analysis of the employment and social impacts along these four scenarios, highlighting expected
quantitative as well as qualitative impacts. Finally, 22 policy options were developed and are
presented in the final part of this report. These policy options have been operationalised by adding
a timeline and by describing the role of various actors with the goal of setting the groundwork for a
social roadmap for CAD deployment. The supporting annexes provide additional information with
more detailed findings, as well as information on the methodology used.
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Executive Summary

This Executive Summary presents the main findings of the study in terms of the development of

scenarios, the assessment of employment and other social impacts as a result of introduction of
Connected and Automated Driving (CAD) and the development of policy options to respond to the
identified impacts and related challenges and opportunities. These items are presented in Figure

ES.1, indicating the sequence between trend, impacts, challenges and opportunities and policy

options.

Figure E.S.1 Structure of the study approach
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Scenarios and effects

What should be addressed?

CHALLENGES AND
OPPORTUNITIES:
Focus on need for
transition

Preparing for transition:

* Understanding the issues at
stake

* Creating awareness and
activating stakeholders

Facilitating transition
The need for social dialogue
An enabling regulatory
framework
Funding needs for the
transition process

Managing transition:

* Imbalances in labour market
demand and supply
Mismatches in skills
Work conditions & inclusion
Sustainable Transport

Contextual drivers

* Non-social aspects affected by
CAD and vice versa, e.g. Green
Deal, Covid-19

How should this be done?

POLICY OPTIONS:
Enhance positive and
mitigate negative
effects

Understanding the issues at stake:
= Set up living labs on CAD deployment

* Initiate and carry out targeted studies
.

Social dialogue:

* A collaborative platform on social impacts of
CAD providing a joint transition strategy

* Aframework agreement on automation

Imbalances in labour markets:
* An observatory on employment impacts

Mismatches in skills:

* Create approaches for lifelong learning to help
the workforce adapt
Updating educational curricula for new
workforce

Sustainable Transport through CAD
* Limit traffic growth
* Link CAD objectives to Green Deal objectives

Four scenarios are developed in this project, which are not intended to be forecasts, but more the

exploration of consistent and coherent alternative hypothetical future developments of CAD, which

serve as a basis for discussing potential employment and other social impacts (both positive and

negative) and outlining policies to prevent or mitigate negative and enhance positive effects.

The scenarios, encompassingt w o

uptakes and two intermediate cases, are:

fi bounda r,gnalgsimgnthxinhum and snidimum

9 Scenario 1: Fast, private, unrestricted and partially distributed (Maximum uptake);

1 Scenario 2: Fast, private, restricted and partially distributed (Intermediate uptake);

i Scenario 3: Moderate, shared, restricted and with limited distribution (Moderate uptake);
1

Scenario 4: Slow, shared, restricted and with limited distribution (Low uptake).
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The scenarios are designed taking into consideration a number of driving factors, including the
timing of the uptake of CAD vehicles; the model of personal mobility; the conditions for the
circulation of CAD vehicles in urban and rural areas; the different deployment over time in the
different European countries, the degree of u s e acsefitance and the cost of vehicles and
services.

The Scenario Model provides results for the following parameters:

9 Car fleet composition, which consider the whole fleet of private cars, cars used for car sharing
services and taxis;

9 Bus fleet composition;

1 Freight vehicles fleet composition, encompassing all the different classes of good vehicles i.e.
articulated trucks, large trucks, medium trucks and light-duty vehicles?;

i Passenger transport activity in terms of passenger-kilometres travelled by all modes and road
vehicle-kilometres;

9 Freight transport activity in terms of tonnes-kilometres of road modes.

The Scenario Model results show that the uptake of CAD determines the magnitude of the impacts,
according to the underlying assumptions of the scenarios.

If technology development allows for connected and autonomous vehicles (CAVs) to be available at
a relatively affordable cost, it is likely to increase the use in personal mobility, which leads to a
significant increase in passenger transport activity, although the motorisation rate is not necessarily
expected to grow (see Section 3.3.1). The increase in transport activity will be not only in terms of
travelled passenger kilometres, but mainly in terms of vehicles travelling on the road, where empty
trips might represent a noticeable share of such increased activity.

Under the conditions assumed in Scenario 1, (fast technology development, and no restriction for
the circulation of CAD vehicles) car traffic in EU27 could increase by 28% in 2050 relative to the
reference case at the same year, leading to unsustainable congestion and substantial external
costs for society, especially in urban areas. Also in Scenario 2, where restriction to CAD vehicles
circulation are applied, car traffic is still expected to increase by 11% in 2050 relative to the
reference case. Even in scenarios assuming propensity towards shared mobility (Scenario 3), the
number of car vkm is expected to grow, as the higher demand for shared cars outperforms the
more efficient use of vehicles. This calls for a decisive role to be played by transport governance
authorities to limit such growth by not only imposing restrictions or bans to autonomous private
cars, but also by adopting other measures, e.g. tailored pricing policies for empty autonomous
vehicles, including those of taxi and shared services.

Employment impacts

The introduction of CAD affects employment in transport services, vehicle and component
manufacturing and construction. It displaces a very large number of driver jobs, particularly in
freight transport, and results in significant restructuring of employment in the remaining transport
services. IT employment will expand rapidly, as well as i depending on the scenario i stewards
employed to facilitate automated passenger transport services and mobility operators in freight
transport. In manufacturing, the demand for new, more valuable vehicles and components will
boost job growth. We see a similar dynamic in construction with the need for new connectivity

2 Here, light duty vehicles only comprise light trucks with a gross vehicle weight up to 3.5t (in the sense of light commercial

vehicles).
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infrastructures. This job growth will, however, not be enough to offset much larger job losses in
transport services.

Employment impacts vary widely by the scale and scope of technology adoption, as reflected in
Table E.S.1. For freight transport, developments follow the basic timeframe of CAD development in
the scenarios, with the strongest transition and job losses in the fast uptake scenarios 1 and 2 and
the least severe impact in slow uptake scenario 4, while scenario 3 is in between. The picture is
more complicated for passenger transport services, since employment impact depends more on
whether the focus of CAD adoption is private or shared. Job losses are stronger in scenarios 3 and
4, which have significant growth of ridesharing. The ridesharing disruption is particularly strong in
scenario 3, together with the other, smaller automated services displacing around 900,000 bus and
taxi jobs, while also creating 600,000 new jobs. In scenarios 1 and 2, CAD is mostly adopted in
private car fleets, which leaves the passenger transport services sector relatively less affected.

Table E.S.1 Employment changes EU27, in thousand jobs

Transport Services Manufacturing

[in CAD relevant secto

AR

Scenario 1 2,122 +91 -46 4,508 +1,749 -2,302 9,190 -164 -168
Scenario 2 2,122 +91 -87 4,508 +1,431 -2,620 9,190 -164 -196
Scenario 3 2,122 +89 -265 4,508 +1,104 -1,247 9,190 -162 -239
Scenario 4 2,122 +89 -157 4,508 +899 +549 9,190 -163 -256

Employment in 2020 represents absolute employment in thousands of jobs.

Employment in 2035 and 2050 shows the employment change compared to 2020 in thousand jobs.
Source: M-Five.

These figures depict the change of employment in 2050 compared to 2020 and include some other
trends, such as increasing general transport demand and increasing productivity in manufacturing.
They therefore have to be seen in this context. In freight transport, increasing demand is much
stronger and results in much stronger job growth until around 2035 than in passenger transport
services.

The dynamics of the CAD transition are quite different in the passenger and freight sectors.

In passenger transport services, a variety of automated and non-automated modes coexist and
compete with each other, such as both automated and non-automated buses and autonomous
ridesharing. Freight transport services experience a much sharper decline in employment as
vehicle fleets are rapidly transformed with new automated and cost-saving vehicles, resulting in job
losses of up to 58% compared to 2020 levels in the case of scenario 2. If the CAD transition is still
in early stages by 2050, it is possible to see overall job growth as the impact of transport demand
expansion exceeds job losses due to CAD, as can be seen in scenario 4.

Apart from general declines in transport services employment in most scenarios, we also expect a
significant restructuring of jobs and skill requirements. CAD will obviously mostly replace driver

3 Employment in CAD-relevant manufacturing sectors includes employment in the sectors Vehicles, Electronics, Computers,
and Communication.

4 2020 results have been calibrated to match empirical data, but some adjustments had to be made to account for
differences in scope. We calibrated public transport to 80% of the country level data from Transport in Figures (2016), not
aiming at the full values because they include urban rail while this study does not. Transport in Figures data does not
include taxi employment, so we used data from an EU report to calibrate taxi employment: Grimaldi, CERTeT Universita
Luigi Bocconi, Wavestone (2016).

5 2020 results for freight transport have been calibrated to match Transport in Figures 2016 data, including both road freight
transport and postal and courier data.
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jobs. On the other hand, IT jobs are set to grow rapidly. In passenger transport, stewards will be on
many automated vehicles to provide customer services and possibly security. In freight transport,
we expect a transition period between traditional drivers and fully autonomous vehicles, when
mobility operators supervise level 4 trucks and light-duty vehicles. There is possibly also an
increasing role for staff in control centres, both in passenger and freight transport services.

Manufacturing employment is gradually declining over time due to improving productivity®, declining
importance of manufacturing industries and a shrinking labour force in several European countries.
The introduction of CAD somewhat stabilises this trend. With the roll-out of automated vehicles,
employment increases as vehicles become more valuable (with more high-value components)” and
fleet renewal accelerates®, driving up vehicle sales especially in scenario 1 and 2 with fast uptake of
CAD.

Similar to the manufacturing sectors, the decrease in employment in the construction sector is also
dampened by the introduction of CAD. Construction directly benefits from investments in CAD
infrastructure. Being quite dependent on general economic activity, this sector is also boosted
indirectly by GDP growth induced by the introduction of CAD and high vehicle sales.

In order to gain a complete overview of the employment impacts of CAD technologies, it is
necessary to consider indirect, i.e. second-round effects. The transition to automated transport
accelerates growth through a boost to fleet renewals, higher value vehicles and infrastructure and
facility investments. This not only affects the manufacturing and services sectors described above,
but also increases aggregate demand in the economy as a whole, which indirectly drives
employment. Rising GDP and its positive indirect effects on employment can partially compensate
for the lost employment in transport services. However, it is not enough to offset the large job
losses completely.

Social impacts

The introduction of CAD is expected to have far reaching employment impacts in the road transport

sector and beyond. These demand-related effects, in turn, are anticipated to have various social

impacts. Namely, it is forecasted that CAD will affect skill requirements for various occupations in

the transport sector; it also has the potential to alter the gender balance in the sector, the age

distribution of employees (in particular drivers and their future counterpart i mobility operators), and

their income levels. The implementation of CAD is also likely to have some impactsont he sect or 6s
cross-cutting issues, which include the shortage of drivers currently experienced in Europe and

social inclusion in the road transport, both from an employment and a customer perspective.

Finally, it could also come with the introduction of new business models and work environments,

such as mobile offices.

The findings on the impacts on skill requirements show for the driving occupation in freight transport
the introduction of mobility operators from SAE level 4 on, who will either operate on-board or
remotely. There skills differ from a traditional driver with reduced needs for manoeuvring skills and
increased need for supervision skills. In addition, mobility operators can combine their work with

6 This means that the same level of output can be produced with fewer inputs and less employment, mostly driven by
technological advances.

7 While operating automated vehicles is generally expected to be cheaper than operating traditional vehicles (as a condition
of their introduction), automated vehicles will be more expensive, because they require a lot of extra technology.

8 New vehicle purchases are an outcome of the Scenario Model. See chapter 3.3 for the development of the fleet.
Generally, demand for autonomous vehicles as a breakthrough technology at accessible price is substantial. On supply
side, there is room to increase capacity and hence production in the automotive industry.
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several non-driving related tasks (e.g. administrative tasks). For passenger transport services, we
see that drivers will remain in the vehicle until SAE level 5, but take up more customer-oriented
tasks. Starting from SAE level 5 (driverless) on, on-board stewards could be introduced in
passenger transport for customer relation purposes and to ensure safety and security on the
vehicle. In other professions, we expect a general shift towards more IT and customer-related skills.

In terms of the impacts on professional and socio-economic characteristics, CAD is expected to
attract younger employees as new skill sets are required (e.g. mobility operators) and the nature
and pace of the work changes. Regarding gender, the introduction of CAD has the potential to
introduce more women into this male dominated profession, since the need for broader skillsets as
well as the use of automated vehicles make the profession more accessible. Alternatively however,
the implementation of CAD increases the need for more IT-related skills, whereas both STEM
education and IT jobs suffer from a gender gap. On salaries, the demand for overall higher
qualification levels and IT skills, which are very transferable, point towards a positive effect on
income.

Regarding the impacts on cross-cutting issues, one important aspect is the current driver shortage.
The findings from the impact assessment show that CAD will not substantially alter demand in the
short- to medium-term and neither is it likely to increase supply as workers might be turned away by
the prospective transition towards automation. In the long-run, CAD can alleviate the problem of the
shortage of drivers as it will reduce substantially (depending on the scenario) the demand for
drivers. Another important aspect is social inclusion. From the employment perspective, CAD has
the potential to open up the profession to more disabled people, since people with reduced mobility
may become mobility operators. Similarly, taking the consumer perspective, CAD could increase
the inclusion of people with reduced mobility (elderly, disabled people) by increasing their mobility
and travelling independence. Finally, once CAD becomes more affordable, sharing a vehicle rather
than privately owning one becomes more economical thereby providing low-cost mobility solutions
to low-income people. The trend towards sharing is expected to continue, however, cars are likely
to also remain status symbols and those who can afford them will continue buying them, including .
autonomous ones.

For the impacts coming from new business models, the study showed a possibility of increased
competition on the taxi market with the introduction of robo-taxis. Robo-taxis without any onboard
staff will also decrease accessibility for people that might need assistance with boarding a vehicle.
Furthermore, automated shuttles without staff provide lower cost alternatives in line based public
transport, consequently providing an opportunity to increase service coverage and frequency.
Furthermore, CAD might affect the way we travel, with longer commutes becoming less
inconvenient in an automated vehicle, where people can combine the commute with work or
entertainment. This might lead to commuters accepting a longer distance between home and
workplace. Similarly, as traveling will not be limited by fatigue, private cars become a more
attractive choice for long trips over other modes.

Finally, CAD will also impact work environments with fully automated vehicle potentially becoming a
temporary or secondary office space for many professions that include a lot of travelling. Moreover,
if driving is not seen as part of the work (because the driver can rest), then the length of a working
day might not be restricted anymore by legislation that restricts the maximum number of driving
hours in a day or minimum duration of breaks, thereby increasing the length of work shifts. Control
centres, could become a completely new work environment, where mobility operators supervise
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and remotely operate vehicles. Finally, even in freight transport a human user might be required on
fully automated vehicles to deter crime and perform security or administrative tasks related to
logistics turning the cabin into a combination of office, security room and hotel room.

Policy options and the process towards a social roadmap of CAD

As indicated in Figure ES.1, challenges and opportunities are defined based on the identified
employment and social impacts. These challenges and opportunities are defined in terms of
preparing, facilitating and managing the transition towards CAD deployment, based on which policy
options are defined. Figure E.S.2 on the next page presents the 22 defined policy options, clustered
per transition domain, with underlying challenges and opportunities. For each policy option we
present the stakeholders involved distinguishing between the following categories:

Social partners, i.e. companies and workers (SP);

Member States, i.e. the national governments and their regional and local authorities (MS);
European Commission, i.e. decision-makers at the EU level (EC);

Research community; i.e. scientific researchers on CAD and social aspects (RC);

= -4 —a -—a -

And academia and training institutes, i.e. educational institutions (ATI).
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Figure E.S.2 Phasing of policy options, with stakeholder involvement
Preparing for transition

1. Set up living labs on CAD deployment, focusing on employment and social impacts

XY |

2. Initiate and carry out targeted studies creating better understanding of CAD related employment and
social impacts

0@ |

3. Incorporate lessons learned from the current Covid-19 pandemic in developing future proof CAD
solutions, including developing health related design standards for future passenger transport solutions.

OO |

4. Organise awareness raising activities for stakeholders involved

o0 Loorecerm ——medium arm —|

Understanding

n
a
&
c
2
©
H

<<

5. Design collaboration mechanism to manage the transition process

X [

et up and run a collaboration platform on social impacts of CAD, potentially providing a joint

transition strategy and funding needs

Y= Lovorcerm ~medium arm |

Dialogue

7. Establish a Framework Agreement on Automation between social partners in transport

-
e Leroriern —medium ]

8. Mapping of relevant social legislations in road transport affected by automation and follow-up

Y] |

9. Review driving and rest time legislations for driver

000 Lororierm = mecium ]

Legislation

10. Review legislations on skill requirements for drivers based on evidence gathered on skill needs

o0 Lot term ——medim erm ]

11. Provide funding for managing the transition, based on a transition strategy

900

stablish and run an ebservatory of employment and social impacts related to ployment

@ @ @ short term medium term long term

13 Match labour market demand and supply in road transport

@ @ short term medium term long term

14. Targeted retraining of displaced employees to be employed inside utside the transport
sector

(sr] [m1] medium term long term

15. Address spatial mismatch in labour markets

Labour market

00

16. Create approaches for lifelong learning to help the current workforce to adapt to changing needs

(sr) (cc) [-m1} shortterm medium term long term

Skills

17. Adapt existing curricula to prepare future workforce for changing skill needs

000 0 CEEEITTmEN

18. Target a more diverse workforce in promoting the road transport sector and encourage
recruitment in the road transport workforce

000 Lot term— megum erm ]

19. Ensure that the deployment of CAD leads tc improved working conditions

@ @ @ short term medium term long term

20. Promote social inclusion in transport services provided with automated vehicles

o0

Working and living conditions

iting traffic growth by imposing restrictions and promoting public transport
@ @ short term medium term long term

22. Link CAD development to EGD objectives to make transport mor E ving towards
efficient pas ger ma ransport and intermodal freight trans olu

[so RN EC] short term medium term long term

Sustainable Transport

Source: Ecorys. Note: * Includes the involvement of municipalities (For PO-21).
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Synthesis

The deployment of CAD in road transport is an ongoing process, which will take us from current
SAE level 2, with drivers support features, to fully connected and automated vehicles, i.e. SAE level
5, in the coming decades. The progress (technical, legal, general acceptance, etc) that will enable
CAVs to drive widespread on our roads is expected to take place at the earliest after 2035.
Consequently, major impacts on the mobility systems and on employment seem to appear only
after 2035. This can be concluded from our consultation with the stakeholders in the sector, and the
scenario analysis framed by this consultation, as well as through our model-based analysis.

CAD deployment at aggregate EU level is stimulating growth and jobs in scenarios with fast
deployment and high penetration of CAVs for private use. Results are mixed for scenarios with
slower deployment of CAD and when fostering sharing modes. Looking closer at the details of
structural change and employment, our analysis reveals that demand for employment in freight
transport could strongly decline after 2035 as a result of fast deployment of CAD SAE level 4 and 5
trucks. In particular, the number of traditional driver jobs is expected to sharply decline, while new
demand for mobility operators will emerge, resulting as net effect in less jobs. In passenger
transport services, the level of jobs is expected to be maintained, but a conversion from driver jobs
to supervision jobs can be expected. For both, freight and passenger services, the number of jobs
operating the systems is increasing and the level of IT skills required is also growing. On the one
hand, this structural change of jobs in transport services can make the sector more attractive,
including an average increase in salaries. On the other hand, it will require re- and up-skilling of the
workforce in the mobility sector.

Earlier than for the transport services, jobs start the structural change for manufacturing jobs in the
automotive industry, though these changes are by far less drastic. Employment in electronics,
computers and IT sectors is increasing from today on for developing the new CAD technology, both
for vehicles and for the infrastructure. The increase becomes stronger after 2030 when the
manufacturing of SAE level 4 and level 5 vehicles is covering larger shares of the new purchased
vehicle fleet. There seem to be a tendency that manufacturing of CAD vehicle technology is
regionally much more concentrated than traditional or current vehicle manufacturing in Europe.

The analysis reveals that the transport service sector over the next two decades is expected to face
two rather distinct transition periods. In the first decade, a growing shortage of drivers will have to
be addressed. Afterwards, with SAE levels 4 and 5 vehicles deployed, a reduction of traditional
driver jobs, combined with requirements for re- and up-skilling towards other jobs, including mobility
operators, will be the central topic. This against the background of an ageing driver population, with
a workforce that is reducing in size due to retirement and a remaining workforce, which needs to be
subject to lifelong learning in order to adapt to changing job requirements.

This complex situation needs to be addressed through a holistic transition pathway, to be
developed and implemented by the key stakeholders in the process. Our study presents the basis
for developing a social roadmap for CAD, including a set of policy options that should be taken in
the short-, medium- and long-term. The policies will prepare the transition, for example by enabling
knowledge generation in living labs, adapting the legislation where required, etc.; and facilitate and
manage the transition towards SAE level 4 and 5, for example by re- and up-skilling of the
workforce, monitoring the transition process, etc. In doing so, CAD development needs to be linked
to European Green Deal objectives to make transport more sustainable and by moving towards
efficient passenger mass transport and intermodal freight transport solutions. Moreover, lessons
learnt from the current Covid-19 pandemic needs to be incorporated in developing future proof CAD
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solutions, including developing health related design standards for future passenger transport
solutions.

A core element of a successful transition will be the co-operation and dialogue between industry,

and transport workers, as well as authorities and the transport users, which needs to be supported
by policy makers at the level of the EU and the Member States.
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Résumé analytique

Ce résumé présente les conclusionsp r i nci p al e sdéctieles kcén@riosidéweloppds et

| 6i mpact de | 6Conduite Authroatisee ebQonndctée (CAO) sur | 0 ewmemuro i ai nsi q
doautres 1 nd.i.ltpésente ensuitedes optionsude politiques publiques pour renforcer

les opportunités et minimiser les défis liés a ces impacts. Ces éléments sont présentés dans la

Figure ES.1, qui illustre le lien entre les scénarios développés (basés sur une analyse des

tendances), les impacts, les défis et les opportunités ainsi que les options de politiques publiques.

Figure E.S.3 Structure de I'approche d'étude

Qu'est ce qui se passe? O faut-il agir? Comment s’y prendre?
TENDANCE: IMPACTS: DEFIS ET OPTIONS POLITIQUES:
. Implications OPPORTUNITES: Renforcer les effets
Introduction de ; . . .
la CAC sociales de la Zoom sur le besoin positifs et atténuer les
CAO d’une transition effets négatifs

Préparation de la transition: Comprendre les enjeux:
* Calendrier - Marché du dre les enjeux * Mettre en place des laboratoire
d'adoption des travail 0 G et mobiliser les déploiement de la CAO
véhicules CAO (destruction et * Initier et conduire des études ciblées
* Mobilité création
individuelle ou d’emploi)
partagée . Caractéristiques Faciliter la transition: Dialogue social:
* Régulations liges a professionnelles « Besoin de dialogue social * Plateforme collaborative sur les impacts
la circulation des et socio- « Cadres réglementaire favorable sociaux de la CAO pour établir une stratégie
véhicules CAO économiques de * Financement de la période de de transition conjointe
Distribution la population RO * Accord-cadre sur l'automatisation
géographique active
- Qualifications et Gestion de la transition:
Adoption de la CAO compétences + Déséquilibre entre l'offre et la
requis.es demande de travail
SAEEEIE * Inadéquation des compétences Inadéquation des compétences:
Tl * Conditions de travail et * Créer des approaches d'apprentissage
(genre, inclusion elsion

sociale)

1.
Modélisation
de scénarios

Déséquilibres dans le marché du travail:
* Observatoire des impacts sur I'emploi

* Démographie et
économie
* Données sur le
2. Modele t
ransport et la Envi
. Environnement .
ASTRA, flotte automobile prap—— transports + Mettre a jour le programme éducatif pour les

NEMISIS + Emploi dans les ) nouveaux travailleurs
habitudes Facteurs contextuels

permanentes pour aider la main-d'oeuvre a
* Durabilité du secteur des s'adapter

activités liées au
secteur routier 3. Modele
* Etc. de synthése

* Aspects non-sociaux qui

e = )
s G e e Durabilité des transports sous I'ere de la CAO:

* Limiter la croissance du traffic routier
* Lier les objectifs de la CAO & ceux du Green
Deal

CAO (par exemple, le Green
Deal, Covid-19, etc)

Source: Ecorys

Scénarios et effets

Quatre scénarios sont développés au cours de ce projet, non pas avec la prétention de prévoir,
mais plutdt de présenter une analyse rigoureuse des développements possibles de la CAO. Ces
scénarios servent ensuite de base pour discuter de les impacts (positifs et négatifs) de la CAO sur
| 6empl oi et sur d o a ettpourdéfinii desolitiqaes wsant &prégenircou @ u X
atténuer les effets négatifs et renforcer les effets positifs.

Les sc®narios d®vel opp®s compmahrysrntdérerx sicaatliomist ed

maximale et minimale des CAO, et deux cas intermédiaires:

9 Scénario 1: Rapide, privé, illimité et partiellement distribué dans | es £t ats Membres de | ¢
(Adoption maximale);

9 Scénario 2: Rapide, privé, restreint et partiellement distribué (Adoption intermédiaire);

9 Scénario 3: Modéré, partagé, restreint et avec une distribution limitée (Adoption modérée);

i Scénario 4: Lent, partagé, restreint et avec une distribution limitée (Adoption faible).

La conception de ces scénarios prend en compte un certain nombre de facteurs déterminants,

not amment | e moment d&CAQ,dtepnbdéle ce mdbdite pevs@hellecles! e s
conditions de circulation des véhicules CAO dans les zones urbaines et rurales, les différentes

ECORYS A Study on exploring the possible employment implications of connected and automated driving



péiodes de d®pl oi ement dans | es diff®rents pays europ®ens
et le colt des véhicules et des services associés.

Ldanal yse daurnisdes@ésultats pous les indicateurs suivants:
La composition de la flotte de voitures, q u i consi d rwituledpevees,demb | e des
voitures utilisées pour les services de covoiturage et les taxis;

T La composition de |l a flotte dbéautobus

1 La composition de la flotte de véhicules utilitaires, qui comprend toutes les catégories de
v®hi cules desti n®s au tr axndggles camiors articotésrlesgrasndi ses, - dest
camions, les camions moyens et les véhicules légers®;
T Le niveau doactivit ® représenté panla mesurede passager&ibormetre) e r s
parcourus par tous les modes de transports et la mesure de véhicule-kilomeétre;
T Le niveau doactivit® de représentt pala torine-kilametredestous handi s e s,
les modes de transport concernés.

Pour les différents indicateursci-d e s s us , Idnteerqeelleyniseaud 6 adopti on de | a CAO
d®t ermine | dampl eur ¢aametesdu scénprid entqeestiore | on | es

Si le développement technologique permet de mettre & disposition des Véhicule Autonomes et

Connectés (VAC) a un co(t relativement abordable, il est probable que la mobilité individuelle

augmente, ce qui peut entraineruneaugment ati on significative de | dactivit
passagers sans nécessairement requérir une augmentation de la motorisation (voir section 3.1.1).

Les activités de transport augmenteront non seulement en termes de voyageurs-kilometres

parcourus, mais surtout en termes du nombre de véhicules circulant sur la route avec une part

importante de trajets a vide.

Sous les conditions posées par le Scénario 1 (développement technologique rapide et circulation

de VAC non restreinte), le trafic automobile dans la zone UE27 pourrait étre 28% supérieur a celui

du scénario de référenced ®f i ni  pdadi dido @ Uk, <ce qui entwiagblenerait une
et des colts externes substantiels pour la société, particulierement dans les zones urbaines. Dans

le cas du Scénario 2, dans lequel on assume une circulation restreinte des VAC, le trafic

automobile pourrait augmenter de 11% comparé au scénariod e r ®f ®r ence do6i ci 2050. M®° m
le cas ou on assume une propension plus large de mobilité partagée (Scénario 3), une hausse du

nombre de v®hicule par kilom tre est attendue puisque |
partagés surpasse lesgainsli ®s ~ | 6opti mi sation de | dusagte de v®hicul

| 6i mportance du r!'le des autorit®s de gouv.ernance des t|
Celles-ci seront cruciales non seulement pour imposer des restrictions ou des interdictions aux

véhicules privés autonomes, mais aussi pour adopterd 6 aut r e s me Sadarifegionste-l qu e

mesure des voyages a vide de véhicules autonomes, y compris dans le cas des taxis et des

services partagés.

| mpacts sur | 6empl oi

L6i nt r od uCADipaumait affecter | @ e nmdans tes domaines des services de transports, de

la fabrication de véhicules et de composants et de la construction. Elle peut détruire un tres grand

nombre dodéempl oi s de c¢onduc ttrensporsdes npaechandisesetele r e ment dans |
peutentraineruner est ruct ur ati on | dapslesautres sepvices de transpore Rgp | 0 |

ailleurs,lese mpl oi's dans | e secteur depourercaiineor to gs éeac aodreo Itorienf o
rapi dement, et , s dddestewards psuod® luisaussi augmehtér ponrgaciliter
9 Il ci l es v®hicules wutilitaires | ®gers ne comprennent qu® | es camions |

tonnes (dans le sens de véhicules utilisés a des fins commerciales)
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| 6aut omati sation des services de transport de passagers
transport de marchandises. Dans le secteur manufacturier, la hausse de la demande de nouveaux

véhiculeset de composantes ° plus forte valeur ajout®e sti mu
observons une dynamique similaire dans le secteur de la construction étant donné le besoin de

nouvelles infrastructures de connectivit®. Cependant, c
suffisante pour compensegseriteadepansparte. ddempl oi dans | e
Comme | e montre | a Tabl e HE.eS.clo,n slibdi®mpaabclte nseunrt |séeel nopnl ol i6 avm
port®e de | 6adopti on tdresmsortdesmanchaodisesgi 8 @b u tdiebmp | o

suit le calendrier du développementd e | 6 dentgpdAO iavec une transition et une perte

déempl oi phasl|l eserse®ndai ossc&hdriasd olp teito n2 )r aepti dlebi(mpact | e n

grave dans le scénariod 6 a d o pt i scémaridb 4. seéndrio 3 se situe entre les deux.

Le tableau est plus compliqué dans le cas des services de transport de passagers ¢ a impdctéur

| 6empl oi d®pend CADestadopigafinsdle mosilité indigiduelle ou partagée. La
pert e destplus@tcentuée dans les scénarios 3 et 4, qui prévoient une croissance
significative du covoiturage. Le covoiturage est particulierement disruptif dans le scénario 3, il
pourrait, avec les autres services de transports automatisés plus petits, détruire environ 900 000
emplois liés aux bus et aux taxis, tout en créant 600 000 nouveaux emplois. Dans les scénarios 1
et 2, la CAO sera principalement adoptée & des fins de mobilité individuelle, ce qui laisse le secteur
des services de passagers relativement moins touché.

Tableau E.S.2 L'emploi change dans I'UE27, en milliers d'emplois

Services de transport Secteur manufacturier

Passagers Marchandises [concerne les secteurs

affectés par la CAO]*

2000+ | 2035|2050 | 20002 | 2035 | 2050 ] 2000 | 2035 | 050 ]

Scénario 1 2,122 +91 -46 4,508 +1,749 | -2,302 9,190 -164 -168
Scénario 2 2,122 +91 -87 4,508 +1,431 -2,620 9,190 -164 -196
Scénario 3 2,122 +89 -265 4,508 +1,104 -1,247 9,190 -162 -239
Scénario 4 2,122 +89 -157 4,508 +899 +549 9,190 -163 -256
Les chiffres doéemploi en 2020 mesure | demploi abs
Les chiffres pour 2035et2050i ndi quent |l e changement par rapport

Source: M-Five.

Ces chiffres d®crnommrite | O®emp ludii oemntdneatdd @20 rets 2050 et i
tendances,t el | es que | 6aug me mgénéraleidoen td ea nlsacrosmeerdela 6 a

productivité dans le secteur manufacturier. lls doivent donc étre considérés dans ce contexte.

L @ugmentation de la demande est beaucoup plus forte dans le transport de marchandises par

rapport au transport de passagers, ce qui se traduitparunec r oi s s an c e pldseaccéntuegemp | o i

jusqubdé®en 203

10 Les emplois liés au développement de la CAO dans le secteur manufacturier incluent les sous-secteurs des véhicules, de
| 6®l ectroni que, des ordinateurs et de |l a communication.
1 Les résultats de 2020 ont été calibrés pour correspondre aux données empiriques actuelles. Cependant, quelques
ajustements ont été fait pour prendre en compte les différences de portée. Pour les transports publiques, nous avons
choisi de ne prendre en compte que 80% desd onn ®e s nat i onTaanspatindrigures @®@6)..Ndbeus ndavons
pas considéré les valeurs entiéres car elles comprennent le rail urbain alors que cette étude ne le considére pas. Les
données du rapport Transport in Figuresd at a ndi ne $ ue mitedmpla aes thxis.ONous choisissons donc
douti ldosnenr®elsesddun rapport de | 6UE pour t enGrimaldc@ERpefe | es empl ois du s
Universita Luigi Bocconi, Wavestone (2016).
12 Les données 2020 pour le secteur des marchandises ont été calibrés pour correspondre aux données de Transport in
Figures (2016), qui comprend a la fois le transport routier de marchandises et les données de services postaux et de
messagerie.
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Les dynamiques de la transition vers la CAO different considérablement entre le secteur du
transport de passagers et celui des marchandises.

Dans les services de transport de passagers, divers modes automatisés et non-automatisés
coexistent et sont en concurrence, comme le cas des bus automatisés et non-automatisés ou le
cas du covoiturage autonome. Par contre, les services de transports de marchandises connaissent

undéclin de | 6 empl o ipuisgue lesflottesade wghicRles seront rapidement transformées
par | éarriv®e de nouveaux Vv®hicules automati s®s et plus
déempl oi pouvant atteindre 58% ccasdpsEén®oAaDaxnsleni veaux de 2

cas ou la transition vers la CAO est encore a un stade de développement précoce en 2050, il est
possible déobserver une croissance nette de | 6empl o0i pu
de transports s uemplabés &la GAO]camme enrpeuele vdibdans le scénario 4.

Qutre |l e d®clin g®n®ral du nombre dbéemplois | i®s aux se.l
scénarios, nous prévoyons également une restructuration profonde des emplois et des

compétencesr equi ses. La CAO remplacera surtout | es emplois d
emplois|l i ®s au secteur des technol ogi e.Dandletransportdé or mat i on de

passagers, des stewards seront positionnés dans beaucoup de véhicules pour assurer le service a
la clientéle et, éventuellement, leur sécurité. Dans le transport de marchandises, nous prévoyons
une période de transition entre les conducteurs traditionnels et les véhicules entierement
autonomes, période pendant laquelle des opérateurs de mobilité superviseront les camions et les
véhicules légers. Le personnel des centre de contrble pourraient aussi jouer un réle de plus en plus
important dans le transport de passagers et de marchandises.

Les emplois du secteur manufacturier connaissent in déclin progressif causé parl 6 am®!| i or ati on de

la productivité'®, |1 a di mi nution de | 0i mportance des industries m:
main déiuvre dans pl udi etr s dp@AY contdhidasstralilipeecette

tendance. Avec le déploiement des véhicules automatisés,| 6 e mp | o1 aanesuregue lese

véhicules gagnent en valeur (avec des composantes a plus grande valeur ajoutée)! et la

restructuration de |l&e'®fcequi atermeamenesanadathausse des verdes ¢ ®

de v®hicul es, en particulier dans | es sc®narios 1 et 2
Tout comme dans | e secteur madansfeaecteundeiaeanstruclioe d®cl in de |
estégalementat t ®nu®e par | 6introduction de | a CAO. En effet,
des investissements dans | es infrastructures de | a CAO.

économique en général et il sera indirectement stimulé par la croissance du PIB induite par
|l 6introduction de |l a CAO et |l a hausse des ventes de v®hi

Pour avoir un apercucompletde | 6i mpact des technologies |i®es ° | a CA
considérer les effets secondaires. La transition vers le transport automatisé accélere la croissance

économique en stimulant le renouvellement de la flotte automobile, les véhicules a forte valeur

ajout ®e et |l es investissements | i ®s aux infrastructures
seulement le secteur manufacturier et les secteur de services décrits ci-dessus. Il augmente

B Ceci signi foisesiqgbuldoei Ideseprraodpui re | e m°me niveat dmeipmsodbdempdmwmi avec moi n:
principalement en raison des progrés technologiques.

Y En g@®n®ral, on Is®ap ® readthicues actkmeatipéssoit moins chére que celle des véhicules
traditionnels (il s 0 a gi fintroductiors,fcdpentant des véhicales awdomadtisés semmt plub eherk e u r

car ils nécessiteront beaucoup de technologies supplémentaires pour opérer.
5 Loéachat de nouesthukou@®hiesl e @paunbtre mdddisation desdérdu®@s. ®ar chapitre 3.3 sur
le développement de la flotte automobile. En général, on prévoit une demande importante de véhicules autonomes, si ils
sont présentés comme technologie disruptive a prix abordable. Du c¢c*t ® de | 6offre, il apact®% possi ble dobéaug
de production dans | 6industrie automobile.
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®gal ement | a demande gl obale dans | 6ensemble de | 6®cono

| 6empl oi . La croissance du PI B et separtelénfeet s positifs i
compenserl a perte dobéempl oi dans |l e secteur des services de
pas pour compenser enti rement | a perte substantielle di

Social impacts

L6i ntr oduCADiestprévi avoil ua impact substantiel dans le secteur du transport routier
et au-dela. Ces effets reliés a la demande devraient, a leur tour, avoir diverses répercussions
sociales. La CAO est prévue affecter les besoins en compétences de diverses professions dans le
secteur des transport. Elle peut également affecter la représentation des sexes dans le secteur, la
di stributi on (pneparticuliérlescenducteurs@tjerr futurs homologuesd les

opérateurs de mobilité), et les niveaux de revenus.La mi se en Tuvre de |l a CAO est al
susceptible doaffecter |l es questions transversales du s
manque de conducteurs observé en Europeetl 6i ncl usi on sociale, tant du point
qgue du client. Enfin,I6 i mpl ®ment ati on de | a CAO pourrait aussi sbacc
nouveaux mod |l es doédaffaire et ddédenvironnements de traval
Dans le secteur du transport de marchandises,| 61 mpact sur | es baanslesns en comp®t

metiers de conducteurc oncerne principalement | édintroduction ddéop®r
niveau SAE 416, Ces derniers opéreront soit a bord, soit a distance. Les compétences requises

di ff rent de cell es doun csoradalles dpérateurs demabhdité aurootn nel dans |
besoin de moins de comp®tences de manifuvre et plus de c
les opérateurs de mobilité peuvent combiner leur travail avec plusieurs taches non liées a la

conduite (comme les taches administratives par exemple). Dans le secteur du transport de

passagers, on constate que |l es conducteurs resteront po:
5, mais qubéils assumeront plus de t©ches orient®es vers
conducteur), des stewards pourraient étre introduits a bord pour assurer les relations client et pour

assurer la sécurité et la slreté du véhicule. Dansd 6 aut res proneséabnhend ~ une ®vol
générale vers davantage de compétences informatiques et de compétences liées aux relations

client.

Entermesd 6 i mpact sur | es caract ®r i-&ondnjques,da CAO deVraits si onnel | es
attirer des employeés plus jeunes car de nouvelles compétences requises (par exemple les
opérateurs de mobilité), la nature du travail et son rythme changent. En ce qui concerne le genre,

|l 6introduction de | a CAD a | e potentiel doéintroduire pl i
pardes hommes, pui squdéun ®ventail de comp®t ences plus | ar
véhicules automatisés rendra les professions du transport routier plus accessible. Par ailleurs, la

mi se en Tuvre de | a CAO augment e qlesalobsggeeoi N en comp®t enc
| 6enseignement des STEM et | es emplois informatiques sol

sexes. Concernant les salaires, la demande de niveaux de qualifications plus élevés et de
compétences informatiques dans les emplois liés a la CAO pointent a un effet positif sur les
revenus. De plus, ce sont des qualifications qui tendent a étre polyvalentes.

Encequiconcernel 61 mpact sur ¢ u e slestimpodantide prendse\er compiellae s

pénurie actuelle de conducteurs. Lesconclu si ons de | 6 anuesuylsoeurtetdent r ent q
moyen terme,laCAOndaura pas doéeffets sur | a demande de conduct ¢
susceptible dobéaccr o’ t rpeurrdiedtsefvbirrefuseclapassdaged travaill eurs

16 Le niveau SAE est une nomenclature officielle qui classe les véhicules selon leur capacité a assister les conducteurs. La SAE
International (Society of Automotive Engineers) a ainsi identifié 5 niveaux de conduite autonome.
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| aut omat iledamg térmenpar-cSntra, la CAO peut réduire le probleme lié & la pénurie de

conducteurs puisqubelle r®duira consi d®rabl ement (selon
Un autre aspect a prendre en compte estla questiond 6 i n c | u s i Dumpoinsde vue del e

| 6empl oi, |l a CAO peut permettre ~ davantage de personne:
puisque les personnes a mobilité réduite peuvent devenir des opérateurs de mobilité. Du point de

vue du consommateur, | a @r@lusgepersanrees amolpliecnéaieted t re doi nc
(personnes agées, handicapés) en augmentant leur mobilité et leur autonomie de déplacement.

Enfin, une fois que la CAO sera plus abordable, partager un véhicule deviendra plus économique

qgubden poss®der men,t rae dwif fpir des solutions de mobilit®
personnes a faiblerev e n u . La tendance ° | 6usage de v®hicule partag
cependant, les voitures sont prévues rester des symboles de statut social et ceux qui peuvent se le

permettre continueront ~ | es acheter pour usage prive,
autonomes.

Concernantl 6i mpact d®coul ant du d®vel oppement de nouveaux mo

notre ®tude montre | a possi bil icgs8rlednarohé deatexisr oi ssement de
avec | 6intr odmaxistLesgabot-d@si s obabhs personnel 7 bord di minueri
pour |l es personnes qui pourraient avoir besoin dbdéassi st

outre, les navettes automatisées sans personnel offrent des alternatives moins colteuses aux

services de transports communs traditionnels, ce qui pol
et la fréquence des services. Additionnellement, la CAO pourrait affecter notre maniére de nous

déplacer. Les trajets plus longs devraient étre moins contraignants dans un véhicule automatisé

puisquébil sera possible de combiner | e d®pl acement avec
amener une plus grande acceptation des long trajets entre la maison et le travail. Dans la méme

logique, les voitures privées deviennent un choix attractif pour les longs trajets, relatif aux autres

modes de transport, puisque la fatigue ne sera plus une contrainte.

Enfin, la CAO affectera aussi notre environnement de travail puisque les véhicules entierement
automatisés pourraient devenir un espace de travail temporaire ou secondaire pour de nombreuses

professions qui i mpligqguent beaucoup de d®pl acements. En
considérée comme une part entiére du travail (puisque le conducteur peut se reposer), la durée

déune journ®e de travail pourrait ne plus °tre |imit®e
maxi mal dodébheures de conduite par jour ou une dur ®e mini |
cons®quence dbéaugmenter |l a dur®e des postes de travail

devenir un nouvel environnement de travail, de part lequel les opérateurs de mobilité superviseront

et commanderont les véhicules. En ce qui concerne le transport de marchandises, la présence

humaine pourrait étre requise a bord de véhicules entierement automatisés pour prévenir la

criminalité et pour effectuer des taches de sécurité ou administratives liées a la logistique,
transformant le véhicule en une combinaison entr e bur eau, salle de s®curit® et

Les options de politiques et le processus vers une feuille de route sociale de la
CAO

Comme indiqué dans la Figure ES. 1, les défis et opportunités sont définis sur la base des impacts
sur | 6empl oi et sur |l es autres indicateurs sociaux. Les
de préparation, de facilitation et de gestion de la transition vers le déploiement de la CAO et ils
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constituent le fondement des politiques définies. La Figure ES.2 présente les 22 options de

politiques, regroupées par domaine de transition, avec les défis et opportunités sous-jacents. Pour

chaque option, nous présentons les acteurs concernés en distinguant les catégories suivantes :

9 Les partenaires sociaux, - 0 eadlite les entreprises et le travailleurs (PS)

T Les £tats meadberles gouvernetnenss hationaux et leurs autorités régionales et
locales (EM)
1 La Commission Européenne,- 6 eaddti re | es autorit®s au ni

veau

1 LaCommunautéder e c h er c hadlire les dherchéurs scientifiques qui adresse la CAO et
ses aspects sociaux (CR)

1 Le milieu académique etlesinstiiut s de f o r 4dire leoémblissentertss t
déenseignement (Al F)
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Figure E.S.4 Les options politiques par phase et la participation des parties prenantes

Défis et
opportunités Options politiques pour préparer la transition

1. Mettre en place des laboratoires vivants pour le déploiement de la CAC, consacrés & l'analyse des
impacts sur I'empl| r les autres indicateurs

2. Initier et mettre en oeuvre des études ciblées sur la compréhension des impacts de la CAC sur

i 7 ) autres ateurs sociaux.
Comprendre I'emploi et sur les autres indicateurs sociau

les enjeux

3. Intégrer les lecons apprises de la pandémie de Covid-19 pour développer des solutions CAC
évolutives, y compris le développement de normes de santé pour le transport de passsagers.

4. Organiser des activités de sensibilisation pour les parties prenant:

Sensibiliser et
mobiliser les

parties prenantes 5. Développer des mécanismes de collaboration pour le suivi du processus de transition.

=

Le besoin de
dialogue social

Cadre
réglementaire
favorable

n doit étre

Financement du
processus de
transition

12. Mettre en place et lancer un observatoire des impacts sur I'emplois et des impacts sociaux du
déploiement de la CAC.

ﬂ rer I'offre et la demande de travail dans orts routi

Déséquilibres entre
I'offre et la

q Formation ciblées des travailleurs déplacés pour intégrer les emplois
demande de travail

teur d

Addresser le déséquilibre géographique entre I'offre et la demande de travail cau
rmation des tendances régionales secteur manufacturier et le e transpo

e pproches d'apprentissage permanentes pour aider la main d'oeuvre actuelle a
nts de qualifications requis

Inadéquation des

compétences liées

o S r le programme éducatif actuel pour préparer les nouvea availleurs aux changemen
a l'automatisation _ z

besoin en compétence

29
Conditions de
travail, attractivité

du secteur et
inclusion sociale

rictions et en promouvant

Transports durables
dans I'ére de la CAC

Source: Ecorys. Remarque: 1 Comprend la participation des municipalités (pour PO-21).
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Synthese

Le déploiement de la CAO dans les transports routiers est un processus continu qui nous fera

passer du niveau SAE 2 actuel, avec les fonctions de support aux conducteurs, au niveau SAE 5,

qgui i mplique | dusage de v®hicul es enfprbchanesment connect ®s
décennies. Lesprogrées(t echni ques, juri di ques guipednaticontéapt ati on g®n ®r &
circulation des VAC sur nos routes sont prévus étre implémentés au plus tét apres 2035. Par

conséquent, les impacts majeurs sur les systemes de mobilité¢et sur | 6empl oi ne sembl ent
effet qubapr s cette date. Ce r®sultat ressort de notre
| 6 an alsgénaio qlia pris place pendant cette consultation, ainsi que de notre analyse basée

sur des modéles.

Le d®pl oi ement a&u imuveau ade rlodddrs desscénariestconsidéranip | o i
un déploiement rapide et une pénétration rapide des VAC a usage privé. Les résultats sont mitigés

dans les scénarios considérantund ® p | oi ement rel ativement | ent et focalis
En observant de plus pr s |l es changements structurels e
analysequelad emande doempl oi dans | e pourraitbaissep r t des marchandi s

considérablement aprés 2035 en raison du déploiement rapide des camion & CAO SAE 4 et SAE 5.

En particulier, le nombre de conducteurs traditionnels est prévu de diminuer de maniére importante,

tandis qudune ndbaowpdrd et e rmppaira, cecqbi auraipoureffet une

r@duction nette dDbansledransporede gadsagens,l olies ni veau dodéempl oi devr
rester stable, mais une conversion des emplois de conducteurs en emploi de supervision est

attendue. Tant dans les services de transport de marchandises que de passagers, le nombre

déemplois |i®s 7 |1 6exploitati olacodEEences inferimatigness augment e e
requis sbdbaccro’t. DObune part, ce changenpuat structurel
attractif et impligue une augmentation des salaires moyens. Déautres part, ce changemen
une requalification et une amélioration des compétencesdelamain-d 6T uvre dans | e secteur d
mobilité.

Les emplois du secteur manufacturierliégsal 6 i nd u st r i commencerontdcchangerglus tét

gue ceux des services de transport, bien que ces changements sont prévus étre beaucoup moins
drastiqueis.ddmempds secteurs de | 6® ectronique, de | d8inf
|l 6information a d® ° commenc® " augmenter pour d®vel opp:
tant pour les véhiculesque pour| 6 i nf r as tCret d teu raas g me nt adcéléoenaprésst pr ®vue so
2030, période a partir de laquelle la production de véhicules SAE 4 et 5 couvrira une plus grande

part de la flotte automobile achetée. Il semble y avoir une tendance vers une concentration plus

régionale de la production de véhicules connectés et automatisés comparé au modele de

production traditionnel ou celui qui prévaut actuellement en Europe.

Léanalyse r®v | e que |l es service de transport rencontr e
cours des deux prochaines décennies. Au cours de la premiére, il faudra faire face a la pénurie

croissante de conducteurs. Au cours de la deuxiéme décennie, avec le déploiement des niveaux

SAE 4 et 5, il faudra se concentrer sur la réduction des emplois de conducteur traditionnels et la

n®cessit® whdrequdifaaiionsteime amélioration des compétencesdelamain-d 6T uvr e

pour |l a pr®parer 7 transiterdveper adtbtawtlifabdga rmmipil loii s® t el
consi d®rer ces suj et opdaimse comluctewsrvieilesxante, aveciunen e

main-d 8T uvre qui se r®duit en rai sondAbdeuvd®p arrets t"anltae rgeutir ai
nécessiteraun | ong processupowrn aypda deaigeticesrshaayeaxtes des

emplois.
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Etantdonnélac ompl exi t ® de | a situat paocoursddtiansifioasod r a sdassurer
holistique. Il doit °tre ®l abor® et mis en Tuvre par | es prin
présente une base pour développer une feuille de route sociale pour la CAO, et elle comprend un
ensembl e doop taiimplémentgr dans le count,umeyen et long-terme. Ces politiques,

ddéune part, pira@gtienrerepermettant parekempge la génération de connaissances
dans des laboratoires vivants,ouena dapt ant |l e cadre | ®gal S i n®cessaire,
permettront de faciliter et dbéassurer | e suivi de Il a tr.

exemple en assurant une requalification et une amélioration des compétencesdelamain-d 6 T uv r e,
ou en assurant le suivi du processus de transition, etc. Dans ce processus, le développement de la

CAO doit étre lié aux objectifs du « Green Deal » européen pour rendre le secteur des transports

plus durable. 'l doit sdor i eeffitcaxes dotmrsmrt dk@assages brumasseat s

de transport intermodal de marchandises. En outre, les legons apprises de la pandémie de Covid-

19 doivent étre intégrées dans des solutions CAO évolutives, y compris le développement de

normes de santé pour le transport de passager.

Un élément-clé pour le succés de la transition sera la coopération et le dialogueent re | 86i ndustri e,

les employés du secteur des transports, les autorités et les usagers. Cette coopération devra étre
soutenue par | es d®cideurs politiques au niveau de | O6UE
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1.1

1.2

Introduction to this report

Background of this report

This Final Report summarises the findings of a 16 month study on exploring the possible

employment implications of connected and automated driving (CAD). The study was contracted by

the Directorate-General for Research and Innovation (DG RTD) of the European Commission with
the purpose of providing evidence to a much discussed but not much researched topic. Specifically,
the report provides an:

1. Analysis of the short, medium and long term impacts of CAD on jobs, employment, skills and
knowledge, as well as possible changes in work patterns and the work environment, business
and operation models;

2. Investigation and elaboration of options in key policy areas, i.e. jobs, employment, skills, growth,
transport and R&lI, in order for the European Union to take timely action for the safeguarding
and enhancement of the positive effects and the avoidance or mitigation of the negative effects
of CAD on jobs and employment.

In implementing this project, we brought together a project consortium consisting of:

1 Experts in project management, social impacts and policy development from Ecorys Nederland
B.V. (Ecorys).

Experts in designing future transport scenarios from Trasporti e Territorio SRL (TRT);

=

9 Experts in developing economic and employment models from M-Five GmbH (M-Five) and
Soci ® ® EURop®enne dO6ECOnomie SARL (SEURECO)

9 Stakeholder experts providing data from the road transport and manufacturing companies
namely the International Road Transport Union (IRU), the International Association of Public
Transport (UITP), and ERTICO ITS-Europe (ERTICO);

i Technical expertise on the development of CAD from the Technical Research Centre of Finland
Ltd (VTT) and the Centre for Automotive Management (CAM).

Content of this report

The report presents the main findings of the study including the CAD deployment scenarios, the
assessment of employment and other social impacts, the development of policy options, as well as
supporting results of literature review and stakeholder consultation. The report is divided into three
parts:

1 PART 17 Introduction and Methodology;

1 PART 27 Scenarios and impacts of CAD;

1 PART 37 Policy Options towards a social roadmap for CAD.

Each parts consist of several chapters. Table 1.1 presents the contents of this report as a guide to
readers.

Table 1.1 A guide to readers

PART 17 Introduction and Methodology

Chapter 17 Introduction
A short introduction outlining the background and content of the report.

Chapter 2 i Methodology

Study on exploring the possible employment implications of connected and automated driving ECORYS A



A short chapter outlining the methodology applied for this study. It contains information on definitions,
scope, overall approach, as well as the methodology of the scenario model, the economic and employment
models, the synthesis model, and the policy options. Supporting annexes are Annex B, C, and E.
PART 2 i Scenarios and impacts of CAD

Chapter 31 Scenarios for future CAD deployment
This chapter presents the uptake of CAD along four deployment scenarios including information on fleet
composition as well as passenger and freight transport activity. Annex B provides additional results.
Chapter 4 i Employment impacts of CAD
In this chapter the findings of the economic and employment models are presented in the form of
employment numbers for the four scenarios up to 2050 for road transport services and manufacturing.
These results are presented by job category (e.g. drivers), at EU, national and regional level.
Chapter 57 Other social impacts of CAD
This chapter presents findings on social impacts of CAD, such as changing skill requirements in road
transport, changes in the professional and socio-economic characteristics of the sector, cross-cutting
issues, and finally social impacts based on new business models and work environments.

PART 3 Policy Options towards a social roadmap for CAD
Chapter 6 i Policy options for CAD deployment
This chapter takes the identified impacts in the previous chapters and summarises them under challenges
and opportunities in order to propose policy options to address these. These policy options are separated
by preparing, facilitating, and managing the transition.
Chapter 7 i Towards a social roadmap for CAD deployment
Chapter 7 operationalises the identified policy options by adding a timeline and by describing the role of
various actors (public authorities, social partners, academia, etc.). It sets the ambition to work towards a
social roadmap for CAD.
Chapter 81 Synthesis
A short synthesis bringing together the main findings of the report.

Bibliography

The literature used throughout the main report.

In addition, supporting information was collected in annexes. These are collected in a separate
document, which contains the annexes listed in Table 1.2.

Table 1.2: Content of the Annex Reiort

Annex A'i Data Collection Framework

An overview over the data used in the Scenario, ASTRA, NEMESIS, and Synthesis model.

Annex BT The Scenario Model and Scenarios

A detailed description of the model and its separate modules and results for the four scenarios.

Annex C 1 The Economic and the Synthesis models

A detailed description of the ASTRA and NEMESIS model as well the Synthesis model. This Annex
includes also detailed modelling results, and a comparison between ASTRA and NEMESIS results.
Annex DT Literature review and sources

A literature review conducted at the beginning of the study. The review covers topics such as the state of
play, a timeline for CAD, possible impacts, and an overview over policies and CAD related projects. It also
includes a longlist of over 100 academic and grey literature.

Annex E i Stakeholder consultations

The results of the stakeholder consultations fed into the scenario development, impacts as well as policy
options. The Annex includes an overview over the types of consultations and a summary of results from

the first and second round of interviews, and the survey.

Annex F 1 Aggregated survey results
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The full results from the survey.

Annex G i Workshop minutes

Reporting summarising the findings from the three workshops and the final conference.

Annex H 1 Impact on business models

A more detailed description of the analysis on the impact of new business models and work environments.
A short description is in Chapter 5.

Annex | i Policy measure matrix

A matrix connecting policies with the identified challenges and opportunities.
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2.1

211

Methodology of the study

Definitions and scope

This section presents commonly used terms and their definitions in this report as well as the scope
of the study.

Definitions

The following definitions are applied in the study:

1

Automated systems typically run within a well-defined set of parameters and are restricted in
what tasks they can perform;

In contrast, an autonomous system learns and adapts to dynamic environments, and evolves
with the environment;

Connected vehicles can exchange information wirelessly with other vehicles and infrastructure,
but also with the vehicle manufacturer or third-party service providers;

Automated vehicles, on the other hand, are vehicles with features that go beyond driver support
features (so beyond SAE levels 0 to 2) and where drivers do not have to drive when these
features are engaged (SAE levels 4, 5 and in certain circumstances also level 3);

However, in this study, automated passenger transport services (robo-bus, robo-taxi and ride-
sharing) are defined as SAE level 5, while automated freight transport services also include
SAE level 4;17

SAE level 4 freight vehicles will require a mobility operator who is not driving but supervising the
vehicle and intervening in rare circumstances. Mobility operators could take on other tasks
during a ride, and could work either in the vehicle or a remote control centre;

In passenger transport, SAE level 5 vehicles (e.g. robo-bus) will require early-on a steward on-
board, who has a customer relations as well as safety and security function in order to help
customers unfamiliar with automated vehicles to get accustomed to them.

Furthermore, we created four scenarios for the deployment of CAD along which we analysed the

employment and social impacts. These scenarios are defined as follows:

1

Scenario 1 (Fast, private, unrestricted and partially distributed) is the scenario with the
maximum penetration of Level 5 vehicles due to a combination of fast technology development
and null restriction to the circulation of CAD vehicles in urban and rural areas;

Scenario 2 (Fast, private, restricted and partially distributed) is the scenario with an intermediate
penetration of Level 5 vehicles and is aimed to test the role that the restriction to the circulation
of CAD vehicles could play in a scenario where fast technology development will take place;
Scenario 3 (Moderate, shared, restricted and with limited distribution) is the scenario with a
moderate penetration of Level 5 vehicles and is designed to take into account a situation where
future technological development will happen at a slower pace than in the previous two
scenarios;

Scenario 4 (Slow, shared, restricted and with limited distribution) is designed as a boundary
condition to consider a low penetration of CAD vehicles due to slow technological improvement
coupled with low acceptance from final users.

Figure 2.1 showcases the six automation levels, as established by SAE International, which are

separated by driver support features (SAE levels 0 to 2) and automated driving features (SAE

17

The changes in freight transport are more gradual than in passenger transport. We expect significant employment saving
potential starting from platooning on SAE level 3. Level 4 freight vehicles may be able to function mostly autonomously on
fixed routes that are relatively low in complexity.
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levels 3 to 5). Technological progress is likely to come through a gradual expansion of Operational
Design Domains (ODD) of automated vehicles.

Figure 2.1 SAE Levels of Driving Automation for On-Road Vehicles

SAE J3016™LEVELS OF DRIVING AUTOMATION

SE SE SE
LEVELO J LEVEL1 J LEVEL2

You are driving whenever these driver support features
are engaged - even if your feet are off the pedals and

INTERNATIONAL.

You are not driving when these automated driving

features are engaged - even if you are seated in

Wr:’a‘ does ::e you are not steering “the driver’s seat”
uman in the
d'::‘l’eertzsgg; You must constantly supervise these support features; When the feature These automated driving features
) you must steer, brake or accelerate as needed to requests, will not require you to take
maintain safety you must drive over driving
These are driver support features These are automated driving features
These features These features These features These features can drive the vehicle This feature
are limited provide provide under limited conditions and will can drive the
What do th to providing steering steering not operate unless all required vehicle under
fa A o ;sg, warnings and OR brake/ AND brake/ conditions are met all conditions
eatures do: momentary acceleration acceleration
assistance support to support to
the driver the driver
*automatic +1ane centering *|lane centering «traffic jam local driverless | *same as
em.er_gency OR ) chauffeur taxi level 4,
braking : ~pedals/ but feature
Example <blind ot +adaptive cruise | *adaptive cruise teeri can drive
Features 100 Spo control control at the SIEEHng everywhere

vcheel may or
may not be
installed

warning same time

in all
+lane departure conditions

warning

standard

Source: SAE, J3016iLevel s of Driving. Automati ono

2.1.2 Scope of the study

Geographical scope

The geographical scope of the study is the EU after the departure of the UK, or EU-27. All of the
main aggregate results presented in the main text are for all EU-27 countries. We include other
non-EU countries in the maps (UK, NO, CH) in Chapter 4 and some more detailed results for non-
EU countries in Annex C.

Time-line of the analysis

The study has a time horizon up to 2050, at which time (depending on the scenario), CAD
technology will have been deployed to a large extent on EU roads. A timeframe is applied,
distinguishing between the short-term (2021-2025), medium-term (2026-2035) and long-term
(2036-2050) period, both for assessing impacts and defining policy options.

Services covered
The study considers both road passenger transport services as well as freight transport services.

Road passenger transport services include the conventional services taxi, car-sharing, and
conventional bus. Automated passenger transport services are robo-bus, robo-taxi and ride-
sharing, defined as SAE level 5. Road freight transport includes conventional light-duty vehicles
and heavy-duty vehicles as well as their automatic equivalents with SAE level 4 and 5.
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2.2

Jobs covered

The study covers drivers as well as six non-driver job categories, namely administration,
management, IT staff, customer service, stewards & operation staff and maintenance. Specifically,
it also looks at the newly emerging job profiles, namely mobility operators and stewards (for
definitions see Section 2.1). In addition, the study covers employment in certain manufacturing
sectors without differentiating further between occupations.

Sectoral coverage

Employment in CAD-relevant manufacturing sectors includes employment in the vehicle,
electronics, computer, and communication sectors. In addition, the study assesses the employment
impact in the construction sector as it is involved in the construction of CAD infrastructure and of
new production facilities for CAD components.

General approach

The two objectives of the study are:

9 The analysis and assessment of the short, medium and long term impacts of CAD on jobs,
employment, skills and knowledge, taking into account possible changes in work patterns and
the work environment, business and operation models;

1 The investigation and elaboration of options in key policy areas, i.e. jobs, employment, skills,
growth, transport and R&lI, in order for the European Union to take timely action for the
safeguarding and enhancement of the positive effects and the avoidance or mitigation of the
negative effects of CAD on jobs and employment. These options take into account possible
implications and correlations with other policy areas such as energy, environment, safety and
health.

These two objectives are translated into two main tasks, which are the assessment of employment
and social impacts of CAD and the investigation of policy options. The two main tasks, together with
a breakdown of specific subtasks, teams, and deliverables are presented in Figure 2.2.

Figure 2.2 Overall project approach

---------------- Scoping phase LS

Task O:
Inception
Phase

Deliverables

Inception
report
15t Progress
report

|

2nd
Progress

0.1 Exploratory interviewsand initial desk research

0.3 Finalising the methodologicalframeworkand the

1
! 1
1 1
1 1
1 1

modelling approach i 1
I
1
1
1
I

0.4 Agreementon roadmap for implementation
0.5 Inception report

Scenario
team

I 1
1 11 Literaturereview |
| 1.2 Stakeholder ]
1
1

report

! consultation
Qutcome: ! Modelling &
4 Scenarios Impacts

|
Finalisation phase Draft final
a l team report

1
i
L
Task 2 Investigation of . l
2 T . | |
optionsin key policy arecas [ ¥ 1132 Modelling and
1 Development of policy options | assessment of

I impacts Options
] team

||
Expert-Stakeholder Group
Management Team
Quality Management

N NN

'
'
.2 Stakeholder consultation (209 round) |
'3 Finalisation (Reporting & Conference) |

'

Source: Ecorys.

In the sections hereafter, we present shortly the methodology for the modelling of impacts, the
definition of policy options, the data collection of data, the literature review and the stakeholder
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consultations. In these sections, reference is made to more detailed information on methodology,
which is presented in the annexes.

Scenario and modelling approach

Introduction

In the context of this study, CAD scenarios are the inputs for the modelling tools ASTRA and
NEMESIS that are applied for the estimation of the impact of CAD on employment. Therefore, the
scenarios consist of numeric values for a set of variables used as exogenous elements within
ASTRA and NEMESIS.

In order to provide a consistent set of quantitative inputs, a Scenario Model has been developed.
The outputs of this model represent some of the exogenous inputs required by ASTRA and
NEMESIS to calculate the impact on employment. All outputs of the Scenario Model are
endogenously estimated, building on assumptions about some key variables that are supposed to
be drivers of the required outputs. For instance, one major element of CAD scenarios is the uptake
of autonomous vehicles. This is an output of the Scenario Model where the estimation of the uptake
is calculated on the basis of various elements, such as technological development, acceptance, etc.
More specifically, quantitative assumptions on these elements are endogenously used by the
Scenario Model to produce its output in terms of CAD vehicle uptake. This output is then used as
input for ASTRA and NEMESIS models.

The economic models provide input in the synthesis model, delivering the impacts as defined in the
ToR. The interaction between the various models is presented in Figure 2.3.

Figure 2.3 Interaction between models
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Source: M-Five.

Scenarios and Scenario Model

Design of the scenarios

It is worth clarifying that CAD scenarios are not forecasts but the exploration of consistent and
coherent alternative hypothetical future developments which serve as a basis for discussing
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potential impacts on the employment sector (both positive and negative) and outlining policies to
prevent or mitigate negative impacts.

Explorative in nature, scenarios have the advantage over forecasts in that they are more flexible,
creative and can broaden the perspectives of long-term planning by highlighting unexpected
dynamics. To this aim, four CAD scenarios have been designed to explore hypothetical situations:
two extreme boundary conditions simulating a maximum and a minimum uptake for CAD vehicles
and two intermediate cases. Scenarios are intentionally highly differentiated to explore different
potential dynamics and magnitudes of impacts in the occupational sector.

CAD scenarios have been designed on the basis of ev

consultation and from literature.

It is worth to mention that diverging perspectives emerge in relation to the timing of CAD

deployment: outcome from literature dated back few years ago suggests a closer in time uptake of

full automated vehicles, whereas CAD researchers i
consultation suggest a more conservative timeline, with Level 5 vehicles hardly available on the

market before the next 15 - 20 years. As similar opinions emerged as well from the survey

performed in the context of this study, CAD scenarios have been designed to explore different

timing for the uptake of full automated vehicles comprised in the time horizon 2035 to 2045.

This timeframe is based both on the stakehol dersbd
which can be not executed beyond 2050.

Besides the timeline for Level 5 uptake, a number of distinguishing factors characterise the
scenarios including cost of ownership, model for personal mobility, usage of shared services,
number and level of restrictions in the circulation of CAD and spatial distribution.

Preliminary CAD scenarios have been presented to stakeholders during a dedicated workshop hold
in Brussels on the 30 January 2020. A significant part of the discussion during the workshop was

i den
nt er v |
Vi ews

focused on clarifying the different &ytledenaioosd assumpt i

Model to simulate such assumptions. The discussion focused as well on policy aspects lying
outside the scope of the modelling suite including among others: insurance issues and liability
rules, infrastructure readiness and legal framework, responsibilities in case of technical breakdowns
and traffic accidents etc.

Clarifications provided by the project team on the explorative nature and contents of the CAD
scenarios proved to be exhaustive and designneeds for
emerged.

Scenario Model

The four scenarios for the development of CAD are defined with the support of a dedicated System
Dynamics Scenario Model specifically designed to analyse alternative uptakes of CAD in an
integrated manner as a result of different dynamics of both the supply and the demand sides.

System Dynamics is a modelling technique particularly suited to frame, understand and discuss the
dynamic behaviour of complex systems and problems. The basis of the method is the recognition
that the structure of any system, the many circular, interlocking, sometimes time-delayed
relationships among its components, is often just as important in determining its behaviour as the
individual components themselves. A System Dynamics model consists of a set of hypotheses on
the relationship between causes and resulting effects. Hypotheses may be based on theory or only

Study on exploring the possible employment implications of connected and automated driving ECORYS A
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informed by theory, but empirical inputs from statistics, surveys or other observations may also be
used.

Relationships are represented by equations that are written and solved by mathematical simulation.
In other words, a System Dynamic model does not have a specific set of unknown parameters or
variables whose value is estimated as a solution of the model. Instead, most of the model variables
change dynamically over time as an effect of the interaction of positive or negative feedback loops.
This can be considered as the most important characteristics of any complex systems.

The Scenario Model is made of six main modules connected to each other as shown in Figure 2.4.
A brief description of the main role of each module is given below. More details can be found in
Annex B.

Figure 2.4 The Scenario Model: linkages between data inputs, scenario and impact modelling
|

BUSINESS MODEL MARKET ADAPTATION REGULATION
Private car ownership costs Population by car availability Private CAD cars regulation

CAD Services fares Trip rates CAD services regulation
Public transport fares Average distances Road charging

Mode shares Sustainable modes promotion

TECHNOLOGY \ OUTPUT ACCEPTANCE

Private cars fleet size Transport activity Acceptance of CAD private cars
Transport services fleet size Car fleets by technology Acceptance of CAD services
Car fleets supply by technology Accidents
u\\ /// Congestion 4
B L
Source: TRT.

The outputs of the model are a quantitative description of the four alternative scenarios to be used
as input by the economic and employment models, ASTRA and NEMESIS, in order to estimate the
economic and jobs related impact.

Economic and Employment Models

Overview of the ASTRA Model

ASTRA, which means ASsessment of TRAnsport strategies, is an integrated assessment model
applied for strategic policy assessment in the transport and energy field since more than 15 years.
It covers EU27+3 (Norway, Switzerland and UK) countries. It builds on recursive simulations
following the system dynamics concept and enables to run scenarios until 2050. In this project, only
the foreign trade (FOT module) and economic sub-modules (MAC module) of ASTRA are linked
with the Scenario Model to produce macroeconomic results. The MAC module consists of five
elements: supply side, demand side, an input-output model based on 25 economic sectors,
employment model and government model.

For further details on the modelling of ASTRA, see Annex C as well as Fermi et al. (2014).

CAD Impulses on the Economy

Figure 2.5 shows a conceptual overview of the macroeconomic linkages and selected CAD
impulses (blue ellipses) using the ASTRA model. Detailed descriptions of the relationship of the
variables and their modelling can be found in Annex C.
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Figure 2.5 The macro-economic module of ASTRA and selected CAD effects
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The economic impulses from CAD are divided into different elements: The economy is affected by

impulses from:

1
1

New mobility services (see mobility service model, as described in Annex C);

On-board vehicle equipment, i.e. CAD-components in vehicles that are produced for the
domestic market as well as exported (see component model, as described in Annex C);
Investment in infrastructure for CAD (see Annex C);

Investments in semiconductor production facilities and software development (see Annex C).

The impulses arise from various mechanisms, that are modelled either endogenously in ASTRA
due to dependencies on modelled developments (e.g. component model and mobility service
model), that are based on the Scenario Model (e.g. private transport expenditures affecting
consumption) or that are derived exogenously based on studies and data (e.g. CAD-infrastructure).

Detailed descriptions of the respective modelling of above-mentioned impulses can be found in the

Annex.

The vehicle component model is used to estimate the value of components installed in vehicles and

forms the link between vehicle fleet scenarios and impact to economic sectors. It is adapted to the

development of CAD technologies and their expected effects on the economy, especially sectoral

jobs in manufacturing that depend on the components built in future cars, buses and trucks.

Transport services employment is calculated based on expenditures results of the Scenario Model

and employment parameters. Transport expenditures (vehicle km multiplied with total cost of

ownership or revenues from fares per vehicle km plus subsidies in some cases) is equivalent to

revenues of transport services. This is multiplied with transport parameters for employment per

million euros of revenues. These parameters depend on the structure of expenditures of transport

services, skill levels of employees and therefore income levels as well as variation by country

income level.

Study on exploring the possible employment implications of connected and automated driving ECORYS A
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Automated modes are defined as automation level 5 in road passenger transport (automated taxis,
ride-sharing etc.) because they are expected to be feasible only at this level and not at level 4. In
road freight transport, in contrast, automated modes are defined as both level 4 and 5, accounting
for the different dynamics in the sector. The transition to automated modes is more gradual in some
ways in freight transport. For example, we expect significant effects starting at level 3 automation
with platooning.

Overview of the NEMESIS Model

NEMESIS is a detailed macro sectoral simulation model for the EU economy. It includes all EU
Member States, which can be simulated altogether or individually. The rest of the world is not
explicitly modelled, but the model allows a simplified modelling of the external trade of EU with ten
other world regions. There are 30 production sectors of which one sector for agriculture, 6 utilities,
13 manufacturing industries, construction, 3 transport services industries, 6 groups of market
services and non-market services. The NEMESIS model also considers a detailed consumption
mechanism allowing to disaggregate macro consumption into 27 categories.

The Synthesis Model

The quantitative impacts of the four CAD scenarios on the labour market are presented by focusing

on three layers analysed by this project:

9 Layer 1 provides sectoral results at the aggregate level of EU27 as well as at Member States
level. The economic models consider 25 NACE?*® sectors in terms of ASTRA and 30 NACE
sectors in terms of NEMESIS. The results are presented for five CAD-related sectors: vehicles,
electronics, computers, construction and construction;

1 Also, for layer 2 results are presented differentiating the job impacts due to changes in mobility
services for freight and passenger transport. The road freight transport is sub-divided into the
light-duty vehicles (up to 3.5 tonnes total weight) and heavy-duty vehicles (more than 3.5 tonnes
total weight). The passenger transport is sub-divided into buses (classic and automated), taxi
operations (classic and automated) as well as car and ridesharing. These results differentiate
between impacts on drivers and non-driver job categories. In the first step, the non-driver
category is aggregated;

1 Layer 3 provides spatial results on the level of NUTS?® Il zones within EU27, as well as Norway
and Switzerland. These results differentiate between domestic regions (NUTS Il zones) and job
categories. In distinctiodrioerayens 2Zivheejdohbhntadt sgoar ¥
categories: Administration, Management, IT, customer service, stewards & operation staff and
maintenance. Finally, the national and service-based numbers are disaggregated for every job
category and NUTS Il zone.

The layer structure of the synthesis model is presented in Figure 2.6. More information on the
synthesis model is presented in Annex C.

18 NACE = Statistical Classification of Economic Activities in the European Community. The classification applied is an
extended version used to elaborate Input-Output Tables for EU MS, which covers additional manufacturing sectors
compared with NACE level 1 rev. 2 from 2008.

19 NUTS = Nomenclature of Territorial Units for Statistics. The geocode standard refers to the subdivisions of countries for
statistical purposes. The standard is developed and regulated by the European Union and covers the EU MS in detail.
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Figure 2.6 The synthesis model and its three layers
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Policy options

The policy options are defined to respond to the identified impacts as to be able to enhance the
positive effects and mitigate the negative effects of the introduction of CAD on jobs and
employment. In order to establish the connection between impacts and policy options, an
intermediate step has been introduced in which challenges and opportunities resulting from the
employment and social impacts have been identified. The key challenge is to address the transition
and policy options have been defined to prepare, facilitate and manage this transition. The policy
options have been placed in time and tasks and responsibilities have been allocated to stakeholder
involved, contributing to the development of a social roadmap for CAD.

Policy measures have been identified through literature review, interviews, and internal workshops
between project partners on the identified impacts. They are placed in a policy measures matrix
connecting them to challenges and opportunities, which is presented in Annex I. A dedicated policy
options workshop has been organised to further develop insights in policy options as a response to
the identified impacts. The minutes from the workshop are presented in Annex G.

Data inputs

The Scenario Model as well as the economic models use a range of data inputs from various
sources. The data collected and produced in the modelling exercise will be submitted to the
European Commission together with the Final Report.

For the Scenario Model, several parameters have been estimated by using data already available
from other modelling tools, as well as data collected during the analysis carried out for different
European transport modelling exercises. Other variables proved difficult to be collected, as they are
specifically related to cost and performance of CAD vehicles by type of automation (SAE) level.
Data from literature on these variables is not available yet and therefore assumptions have been
performed on the basis of the input collecteddur i ng t he stakehol dersbd
and workshops). Data inputs for the Scenario Model are listed in Table A.1 in Annex A.

The Scenario Model output includes all relevant data on transport performances and vehicle fleet
development that is necessary for the economic models. Scenario Model outputs are also used for

consul
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the Component Model and the Service Mobility Model. Missing data was researched in detail with
the help of various sources and validated by the consortium members as well as by external
experts (in some cases, e.g. infrastructure costs).

Additional desk research was conducted to add information and fill data gaps. For example, we

compiled a company database of vehicle and supplier industry, a list of CAD services and

technologies,i nnovation index, resear ch onmlataktatupslwithihuni cor ns o
and outside the EU), and the identification of cluster regions. A full list with the input variables, their

sources and the model part where inputs are used, is provided in Table A.2 in Annex A for the

ASTRA model, the Component Model and the Mobility Service Model. Table A.4 provides the same

for the Synthesis Model.

Some variables needed post-processing to make them usable in the models in the form of

aggregation, disaggregation, extrapolation, classification or other kinds of transformations. For

various reasons, however, some situations arise in which no suitable data was available. This was

the case if, for example:

i1 A data source was found, but was out of date;

i the data series were incomplete in terms of time or space;

i the data were only accessible at a higher level of aggregation and disaggregation data were
missing; or

i the aspect searched for was so new that no data are yet available or they were not
representative of the basic population.

Nevertheless, we used various approaches to fill data gaps and thus generate values that
correspond as closely as possible to the real values. The Annex A summarizes several of the basic
principles, including informed assumptions, comparable variables, extrapolations, and typologies.

Employment parameters have partly been derived from German input-output tables. They have
been adjusted for other countries to take account of varying income levels. Finally, they have been
calibrated in order for modelling results to match empirical employment data for taxis (Grimaldi,
CERTeT Universita Luigi Bocconi, Wavestone, 2016), buses, light-duty and heavy-duty vehicles
(Transport in Figures, 2016). As automated services are not yet commercially available, there is no
empirical data on employment generated by them. We have used non-driver employment
parameters to create substitutes for this data gap. Non-driver employment intensity can be seen as
an indicator of the general level of complexity of managing a particular type of transport service. We
have therefore closely linked employment projections for automated services to non-driver
employment of similar conventional services.

Literature review

During the initial desk research, a first scan of the existing literature in the field was done with the

following main purpose:

1 Identify the current state of CAD recent developments in this highly transformative field to
characterise the context for the study;

1 Synthesize a first version of the landscape of CAD in Europe and major third countries to
identify quantitative and qualitative data of relevance for the s ¢ e n a develog@ment and
modelling tasks. This analysis has been carried out in particular to understand timelines for the
deployment of CAD based on technology in development and market introduction estimates, the
current industrial status, Autonomous Vehicle Readiness Index (AVRI) as well as recent and
ongoing R&l projects and pilot initiatives;

ECORYS A Study on exploring the possible employment implications of connected and automated driving
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1 Get an overview of possible impacts of automated driving for a first insight into societal
challenges based on previous studies;
9 Look into possible policy options proposed in exiting literature.

This initial search yielded a plethora of material (research papers, reports, industry studies and
surveys); out of those inventoried, at that early stage of the CAD study for further analysis, twenty-
five publications (published in the period 2016-2019) were selected as most relevant to the scope of
the study in Table D.7 (Annex D). Subsequently, and within the scope of the Task, the list of
literature reviewed, has been augmented to include 85 more references as part of the ongoing
literature review.

In addition, research project websites relevant to CAD were explored and a number of relevant
research projects were identified and analysed which, along with the identified relevant Working
Groups (WG) & Initiatives, events and CAD testing locations, allowed us to sketch the baseline
CAD landscape, which was presented in the inception report and is updated continuously (e.g. with
the additional literature in Annex D).

The literature review produced also a number of quantitative results and information has been fed
in the scenario and modelling tasks in accordance to the data needs of these tasks as identified by
the data collection framework, as presented in Annex A. A number of iterations were required to
address the issue of incomplete data inputs and alternative data were defined and collected were
possible. A detailed summary of the literature analysis is presented in Annex D.

Stakeholder consultations

As part of this study, we have conducted consultations with a wide range of stakeholders. We have
conducted two rounds of interviews, a survey and three workshops, which build on previously held
exploratory interviews. A summary of results of the stakeholder consultations as well as additional
methodological aspects are presented in Annex E. Minutes from the workshops are presented in
Annex G. Finally, the results from the survey that was carried out to gather specific information to
complement the findings form literature and the interviews can be found in Annex F.

The consultation activities aimed at gathering insights on the state-of-play of CAD, support the
development and validation of the four scenarios, discussing employment and social impacts
caused by the implementation of CAD and finally potential policy responses. Table 2.1 presents the
stakeholder consultations activities. A final conference to present the overall study took place online
15 September 2020. The conference was attended by up to 100 participants and during it we
presented the employment and social impacts as well as the policy options. In addition, external
speakers presented on the perception of citizens towards CAD, the set-up of living labs, future skill
needs identified in the SKILLFUL project, and the research & innovation agenda of the CCAM
platform. A panel of experts representing transport service providers, transport workers, research,
cities, and vehicle manufacturers then debated the social challenges and opportunities of CAD,
policy options to address these and set the overall stage for a collaborative approach on working
towards a social roadmap for CAD. The full meeting report is presented in Annex G.%°

20 The conference was recorded and can be watched here: https://www.youtube.com/watch?v=12dQ b592K0.
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Stakeholder

consultation tool

Exploratory

interviews

First round of
interviews
Second round of
interviews

First workshop
Second workshop

Third workshop

Final conference

Survey

Table 2.1 Stakeholder consultation

Objective

Exploratory discussion on the state-of-play of CAD
introduction, identify relevant research and potential sources of
information

Collecting inputs for designing the four scenarios

Validating the four scenarios developed and obtaining inputs
on policy measures

Discussions on impacts of CAD on types of transport services
and business models

Discussion and validation of the four scenarios of CAD
deployment

Present the identified employment and social impacts and
discuss policy measures based on them

Present the final results of the study and engage in a
discussion on working towards a social roadmap for CAD

Collecting inputs for designing the four scenarios

Details

12 interviews

conducted
26 interviews
conducted
25 interviews
conducted
25 attendees
26 attendees
44 attendees

120 attendees

84 respondents

Source: Ecorys.
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Scenarios for future CAD deployment

Summarised findings of scenarios for future CAD deployment and effects

The scenarios

Four scenarios have been designed to explore different conditions for the uptake of autonomous

driving. These encompass two fiboundary conditionso anal’
and two intermediate cases:

i Scenario 1: Fast, private, unrestricted and partially distributed (Maximum uptake);

i Scenario 2: Fast, private, restricted and partially distributed (Intermediate uptake);

1 Scenario 3: Moderate, shared, restricted and with limited distribution (Moderate uptake);

9 Scenario 4: Slow, shared, restricted and with limited distribution (Low uptake).

The scenarios are designed taking into consideration a number of driving factors, including the
timing of the uptake of CAD vehicles; the model of personal mobility; the conditions for the
circulation of CAD vehicles in urban and rural areas; the different deployment over time in the
different European countries, the degree of u s e acseftance and the cost of vehicles and
services.

Scenario Model results

The Scenario Model provides results for the following parameters (see Section 3.2):

9 Car fleet composition, which consider the whole fleet of private cars, cars used for car sharing
services and taxis;

1 Bus fleet composition;

1 Freight vehicles fleet composition, encompassing all the different classes of good vehicles i.e.
articulated trucks, large trucks, medium trucks and LDVs;

1 Passenger transport activity in terms of passenger-kilometres travelled by all modes and road
vehicle-kilometres;

9 Freight transport activity in terms of tonnes-kilometres of road modes.

The Scenario Model results show that the uptake of CAD might determine impacts of different type
and magnitude, according to the assumptions chosen for these driving (and interacting) factors.

If technology development allows for CAVs to be available at a relatively affordable cost, it is likely
to have a positive attitude for their use in personal mobility, which determines a significant increase
in passenger transport activity, although the motorisation rate is not necessarily expected to grow
(see Section 3.3.1).

The increase in transport activity will be not only in terms of travelled passenger kilometres, but
mainly in terms of vehicles travelling on the road, where empty trips might represent a noticeable
share of such increased activity.

Under the conditions assumed in Scenario 1, (i.e. fast technology development, and no restriction
for the circulation of CAD vehicles) car traffic in EU27 could increase by 28% in 2050 compared to
the Reference Scenario at the same year, leading to unsustainable congestion and substantial
external costs for society, especially in urban areas. Car traffic is still expected to increase by 11%
at 2050 compared to the 2050 Reference Scenario, also in Scenario 2, where restriction to CAD
vehicles circulation are applied. Even in scenarios assuming propensity towards shared mobility
and a related regulation (Scenario 3), the number of car vkm in 2050 is expected to grow (5%
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relative to the 2050 Reference), as the higher demand for shared cars outperforms the more
efficient use of vehicles. This calls for a decisive role to be played by transport governance
authorities to limit such growth by not only imposing restrictions or bans to autonomous private
cars, but also by adopting other measures, e.g. tailored pricing policies for empty autonomous
vehicles, including those of taxi and shared services.

Thus, the results of the scenarios suggest that the rise of CAD vehicles is a potential threat to
liveability of cities under a range of different assumptions. Future transport governance should not
only focus on setting rules on the usage of autonomous cars in urban and rural areas, but also on
fostering the development of sustainable mobility patterns by favouring public transport options.

Indeed, due to the reduction of labour costs, autonomous driving has the huge potential to
incentivise a flourishing of new high-frequency shared services, operating 24h and serving also low
demand and remote areas. Scenario 3 and Scenario 4 clearly show that, if fully exploited, this
potential will lead to avoiding indiscriminate traffic growth and to granting the sustainability of future
road transport. A key role therefore is to be played by transport authorities in balancing the
availability of new private and collective transport opportunities to citizens and in rethinking the role
of public transport and its supply.

Background and presentation of the scenarios

Background

Scenario analysis is the process of evaluating possible future events through the consideration of
alternative plausible, though, not equally likely, states of the world. It is a process used both in
private and public sector to develop strategic plans that could accommodate uncertainty of the
future (Milakis et al, 2015).

Scenarios developed in this project are not intended to be forecasts but the exploration of
consistent and coherent alternative hypothetical future developments of CAD which serve as a
basis for discussing potential impacts on the employment sector (both positive and negative) and
outlining policies to prevent or mitigate negative impacts.

Explorative in nature, scenarios have the advantage over forecasts in that they are more flexible,
creative and can broaden the perspectives of long-term planning by highlighting unexpected
dynamics.

To this aim, scenarios are intentionally highly differentiated to explore different potential dynamics
and magnitudes of impacts in the occupational sector.

Presentation of the scenarios

CAD scenarios are designed along the following key aspects:

1 The timing of the uptake of CAD vehicles with particular reference to those automation levels
expected to determine the biggest impact on mobility patterns;

1 Whether the uptake in the market of personal mobility takes place according to a model of
fprivate mobilityd or accor di ngharedonobdityomo d e | of f

9 Different conditions for the circulation of CAD vehicles in urban and rural areas (i.e. traffic
restriction). It is assumed that the usage of CAD vehicles is always allowed on motorways and
primary roads;
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I The spatial distribution of CAD deploymentwi t h di f ferenti ated deployment in i

countries and Afoll owerdo countries.

These factors are the key elements characterising the scenarios, but other factors contribute to

their content (e.g. acceptance from users, cost of vehicles and services, etc.). It is worth mentioning

that these factors might be affected by other external factors. Examples include incentives on
technology research (which could anticipate the timing of CAD uptake both in forerunners and
follower countries) and the adoption of policies in response to the renovated environmental
ambition of EU outlined in the European Green Deal (which could influence personal mobility
towards a model of shared use).

There are four scenarios for the uptake of
minimum uptakes and 2 intermediate cases:

9 Scenario 1: Fast, private, unrestricted and partially distributed (Maximum uptake);

1 Scenario 2: Fast, private, restricted and partially distributed (Intermediate uptake);

1 Scenario 3: Moderate, shared, restricted and with limited distribution (Moderate uptake);

1 Scenario 4: Slow, shared, restricted and with limited distribution (Low uptake).

CAD:

The time period of the scenarios is between 2020 and 2050. All scenarios are built upon a Baseline

Scenario, which reflects the socio-economic, transport, environmental and technological

assumptions of Eur &pReernc€Icenario Esropean Gasnmission, 2016).

The EU Reference Scenario is one of the European Commission's key analysis tools in the areas of
energy, transport and climate action. It is updated regularly, as it projects the impact of current EU

policies on energy and transport trends as well as changes in the expected amount of greenhouse

gas emissions. It provides projections for indicators, such as the share of renewable energy

sources or levels of energy efficiency, in five-year steps up until 2050 for the EU as a whole and for
each EU country. The Reference Scenario is not designed as a forecast of what is likely to happen
in the future. It rather provides a benchmark against which new policy proposals can be assessed.

The following definitions are used:

9 Cost: cost of ownership of CAD vehicle or cost of purchasing mobility services operated by CAD

vehicles;

1 Acceptance: u s e acsefitance towards CAD technology influencing (i) the ownership of CAD

vehicles and (ii) the usage of CAD mobility services?!;
1 Restriction: i.e. restrictions to circulation of CAD vehicles in urban and rural areas??;
1 Empty trips: trips done by CAD vehicles without any passenger on board;

i Ride-sharing service: service operated by a shared automated taxi (Level 5), picking up various

passengers (with various destinations);

1 Robo-taxi service: similar to a traditional taxi service, transporting single passengers or groups

of passengers with a common destination, operated by automated taxi (Level 5);
1 Robo-bus: driverless bus with no limitations in size or scope, including both urban public
transport and inter-city coaches.

Scenario 1: Fast, private, unrestricted and partially distributed - Maximum uptake (++++)

Scenario 1 is the scenario with the maximum penetration of Level 5 vehicles due to a combination

of fast technology development and null restriction to the circulation of CAD vehicles in urban and

2L Inthe Scenario Model acceptance is an exogenous input base value (whose trend is a matter of assumption/ calibration/

sensitivity analysis) modified as effect of accidents and congestion.

2 Limitation to the circulation of vehicles is supposed to have an impact on the demand for vehicles. Higher restrictions imply

lower demand.
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rural areas. It assumes that technology will rapidly evolve and the transition from current Level 2 to
Level 5 automation will take place in 15 years.

The gradual introduction in the market of progressively higher level of automated vehicles has
allowed to prove the technology readiness in real conditions: technology is low cost, fully reliable
and safe and this - coupled with the development of user friendly HMIs (human machine interfaces)
- leads to a rapid increase of acceptance from users. Over time the demand for CAD vehicles is
growing faster and faster.

The introduction in the market of progressively high level automated vehicles (all types) is assumed
as follows: Level 3 in 2022, Level 4 in 2030, Level 5 in 2035. Ready on the market in 2035, Level 5
vehicles are assumed having a fast uptake until 2050 due to the combined effect of relatively low
cost of operation and ownership and high propensity from the users. Under these assumptions (low
cost and high acceptance) personal mobility takes place mainly in the form of private mobility with
limited usage of shared services.

Local and national authorities do not pose any limitation to the circulation of fully automated
vehicles which can operate without any restriction both in urban and rural areas.

Given the affordability of private cars and the absence of restrictive traffic regulation, robo-taxi and
ride sharing services are used by a relatively low share of population although their cost is lower
than the cost of conventional taxis. Same assumptions for Level 5 cars both in terms of time of
uptake (2035) and regulation (no restriction to circulation in urban and rural areas) apply to them.
With the aim to incentivise their usage, the regulation allows for robo-taxi and ride sharing services
to circulate empty 24 hours per day.

As for the other vehicles, the uptake of Level 5 buses (robo-bus) is expected to commence in 2035.
It is assumed for Level 4 buses to be already available in 2030 and to be operated driverless only in
restricted conditions (city centres closed to traffic, restricted areas such as hospitals, universities,
company premises etc.). No Level 3 development is foreseen for buses that will basically jump from
Level 2 to Level 4. This assumption is based on the consideration that - given the relatively limited
size of the market - vehicles manufacturers will consider it to be too expensive to launch new
models with an intermediate level of technology before Level 4.

The combination of low-cost technology of vehicles (both purchase and maintenance cost are lower
than the current costs) and the elimination of labour cost will allow for robo-bus services to have a
lower cost in comparison with current service.

Scenario 1 assumes that CAD deployment will follow a different pace in Europe with a bundle of
countries (NL, SE, NO, FI, DE, AT, BE, DK, UK, FR, ES)?® behaving as forerunner countries and all
other countries following with a 5-year delay, due to gaps in terms of investments and infrastructure
and technological readiness.

2 According to the scientific literature and the documentation analysed, the choice for the forerunner countries considers:
some of the most CAD-ready countries in Europe (i.e. NL, SE, NO, FI, DE, AT), two countries which are geographically
very close to them (i.e. BE, DK) and other European countries whose legislation and policies are judged as better
prepared for CAD (i.e. UK, FR, and ES).
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Figure 3.1 Scenario 17 Key assumptions
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Figure 3.2 Scenario 17 Assumptions for transport services
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Scenario 2: Fast, private, restricted and partially distributed - Intermediate uptake (+++)

Scenario 2 is the scenario with an intermediate penetration of Level 5 vehicles and is aimed to test
the role that the restriction to the circulation of CAD vehicles could play in a scenario where fast
technology development will take place as assumptions on traffic restrictions are the only difference
to Scenario 1. Similarly to Scenario 1, it assumes that technology will rapidly evolve and the
transition from current Level 2 to Level 5 automation will take place in 15 years.

Also in this case, CAD technology is low cost, reliable and safe and this - coupled with the
development of user friendly HMIs - leads to a rapid increase of acceptance from users. Over time
the demand for CAD vehicles is growing faster.

Also in this case, it is assumed that fully automated vehicles (Level 5) are available on the market in
2035. Level 5 cars have a fast uptake due to the combined effect of relatively low cost of ownership
and high propensity from the users. In this case personal mobility takes place mainly in the form of
private mobility with limited usage of public and shared services.

To prevent an unregulated increase in transport activity leading to unsustainable congestion,

contrary to Scenario 1 this scenario assumes that local and national authorities impose stronger
limitations to the circulation of fully automated vehicles. For 10 years following the launch in the
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market of Level 5 vehicles, circulation in urban areas is restricted with the purpose of monitoring the
evolution of mobility demand and preventing any unfavourable impact on travelled distances, trip
frequencies and choice allocation on congestion, urban sprawl, modal shift etc.

Since authorities need to understand the evolution of mobility trends following the deployment of
fully automated vehicles, for the first 5 years after Level 5 entering the market the circulation in
urban areas is quite restricted (until 2040). From 2040 to 2045 limits to circulation are less strict and
only after 2045 Level 5 vehicles can circulate in urban areas without any restrictions. Assuming that
infrastructure readiness in rural areas is slower than in urban areas, Level 5 vehicles in rural areas
are allowed only after 2040.

Similarly to Scenario 1, robo-taxi and ride sharing services are used by a relatively low share of
population although their cost is lower than the cost of conventional taxis. Same assumptions for
Level 5 cars both in terms of time of uptake (2035) and regulation apply to them. With the aim to
incentivise their usage, the traffic regulation allows for robo-taxi and ride sharing services to
circulate empty 24 hours per day.

Similarly to Scenario 1, the uptake of Level 5 buses (robo-bus) is expected to be in 2035. It is
assumed for Level 4 buses to be already available in 2030 and to be operated driverless only in
restricted conditions (city centres closed to traffic, restricted areas like hospitals, universities,
companies premises etc.). Also in this case, Level 3 development is not foreseen for buses that will
basically jump from Level 2 to Level 4. The combination of low-cost technology of vehicles (both
purchase and maintenance cost are lower than the current costs) the elimination of labour cost will
allow for robo-bus services to have a lower cost in comparison with current service.

This scenario assumes that CAD deployment in Europe will follow the same pace of Scenario 1.

Figure 3.3 Scenario 27 Key assumptions
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Figure 3.4 Scenario 27 Assumptions for transport services
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Scenario 3: Moderate, shared, restricted and with limited distribution - Moderate uptake (++)
Scenario 3 is the scenario with a moderate penetration of Level 5 vehicles and is designed to take
into account a situation where future technological development will happen at a slower pace than
in the previous two scenarios. It assumes that the transition from current Level 2 to Level 5
automation will take place in 20 years.

The introduction in the market of high level automated vehicles is slowed down by the complexity of
technological solutions which determine a relatively high cost of CAD vehicles in comparison with
traditional ones. The overall propensity of final users to use CAD vehicles is rather neutral due to
the high purchase costs of vehicles which limit their usage to a relatively high-income share of
population. On the contrary, shared mobility is growing faster due to new emerging mobility
services.

The scenario assumes that fully automated vehicles (Level 5) will be available on the market in
2040 preceded by a progressive uptake of Level 4 (2035) and Level 3 (2028).

From 2040 to 2050, Level 5 cars and trucks have a moderate uptake due to the combined effect of
high purchase cost and neutral propensity from the users towards owning and using CAD vehicles.

The scenario envisages as well that, national and local authorities pose restrictions to the
circulation of fully automated vehicles. The circulation of fully automated vehicles in urban areas is
restricted and only after 2045 they can operate in rural areas. Parking fares are high in urban areas
and low in rural areas.

The increased demand for more sustainable mobility options and the reduction of labour cost due to
driverless vehicles incentivises a flourishing of relatively low-cost new shared services operating
24h and serving also low demand and remote areas.

The improved quality and flexibility of shared services coupled with the high purchase cost of CAD
vehicles incentivises a massive shift towards shared mobility: robo-taxi and ride sharing services
are used by a high share of population also due to the wide promotion of shared vehicle use and
the favourable rules on circulation which allow for their full usage in urban areas. For avoiding
congestion growth, robo-taxi and ride sharing vehicles are allowed to circulate empty only during
night.

Study on exploring the possible employment implications of connected and automated driving ECORYS A
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The uptake of Level 5 buses (robo-bus) is expected to be at 2040, in line with the deployment for
other vehicles. It is assumed for Level 4 buses to be already available in 2035 and to be operated
driverless only in restricted conditions (city centres closed to traffic, restricted areas like hospitals,
universities, companies premises etc.). No Level 3 development is foreseen for buses that will
basically jump from Level 2 to Level 4, as it happens for scenarios 1 and 2. The elimination of
labour cost will allow for robo-bus services to have a lower cost in comparison with current service.
Robo-bus can operate without any restriction in urban areas and are allowed to circulate in rural
areas only after 2045.

Scenario 3 assumes that CAD deployment will follow a different pace in Europe with only some of
the most CAD ready countries (i.e. NL, SE, NO, FI, DE, AT) behaving as forerunners countries and
all other countries following with a 5-years delay due to gaps in terms of investments and
infrastructure and technological readiness.

Figure 3.5 Scenario 37 Key assumptions
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Figure 3.6 Scenario 37 Assumptions for transport services
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3.2.6 Scenario 4: Slow, shared, restricted and with limited distribution - Low uptake (+)
Scenario 4 is designed as a boundary condition to consider a low penetration of CAD vehicles due
to slow technological improvement coupled with low acceptance from final users. It assumes that
the transition to full automation (Level 5) will take place in 25 years for all types of vehicles.

Also in this case, the complexity of deployed technological solutions determines a relatively high
cost of CAD vehicles in comparison with traditional ones. The overall propensity of final users
towards CAD vehicle is rather low due to a combined effect of a generalised scepticism towards
automated driving - maturated as a result of the observed delays in technological progress over the
last 20 years - and the high purchase cost. Similarly to Scenario 3, it assumes that personal
mobility develops accordingly to a model of shared mobility.

The scenario assumes that fully automated vehicles (Level 5) will be available on the market in
2045 preceded by a progressive uptake of Level 4 (2040) and Level 3 (2035) vehicles. Available on
the market only in 2045, Level 5 vehicles have a low uptake until 2050 due to the combined effect
of high purchase cost and low propensity from the users.

The scenario envisages that the low propensity towards CAD is also shared by regulators: national
and local authorities pose restriction to the circulation of fully automated vehicles in urban areas.

Similarly to Scenario 3, also in Scenario 4 the reduction of labour cost due to driverless vehicles
incentivises a flourishing of relatively low-cost new shared services operating 24h and serving also
low demand and remote areas. The improved quality and flexibility of shared services coupled with
the high purchase cost of CAD vehicles incentivises a massive shift towards shared mobility: robo-
taxi and ride sharing services are used by a high share of population also due to the favourable
traffic policies which allow for their full circulation in urban areas. For avoiding congestion growth,
robo-taxi and ride sharing vehicles are allowed to circulate empty only during the night.

Scenario 4 assumes that CAD deployment in Europe will follow the same pace of Scenario 3 with
only some of the most CAD ready countries behaving as forerunners countries (NL, SE, NO, FI,

DE, AT) and all other countries following with a 5-years delay.

Figure 3.7 Scenario 47 Key assumptions
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Figure 3.8 Scenario 4 Assumptions for transport services
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3.3 Results of the Scenario Model

In the following we present a selection of key results
activity for the Reference and the four CAD Scenarios. More detailed results on fleet composition
are available in Annex B.

More specifically the following sections present results on:

9 Car fleet composition, which consider the whole fleet of private cars, cars used for car sharing
services and taxis;

1 Bus fleet composition;

1 Freight vehicles fleet composition, encompassing all the different classes of good vehicles i.e.
articulated trucks, large trucks, medium trucks and LDVs;

1 Passenger transport activity in terms of passenger-kilometres travelled by all modes and road
vehicle-kilometres;

9 Freight transport activity in terms of tonnes-kilometres of road modes.

It is important to remark again that CAD scenarios are not intended to forecast the most likely
uptake of autonomous vehicles but rather to explore alternative hypothetical situations as a basis
for discussing potential impacts on the employment sector. Scenarios (and their results) are
therefore intentionally highly differentiated to explore different potential dynamics and magnitudes
of impacts.

3.3.1 Carfleet
Figure 3.9 shows the estimated composition of the car fleet by automation level?* by 2050 for the
Reference and the four CAD scenarios in EU27. The figure shows higher shares of CAD vehicles in
the four scenarios in comparison with the Reference case. The stock share of full automated
vehicles ranges from 67% in Scenario 1, where L5 vehicles are ready on the market since 2035 in
forerunner countries and 2040 in follower countries, to 2% in Scenario 4 where L5 vehicles enter
the market only in 2045 for forerunner countries and in 2050 for follower countries.

24 Private cars, cars used for car sharing services and taxis.
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Figure 3.9 Compaosition of car fleet by automation level in 20507 EU 27
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Figure 3.10 shows the size of the car fleet by 2050 for the Reference and the four CAD scenarios.

In the Scenario Model the size of the car fleet is resulting from a combination of different contrasting

effects:

1. First, Level 5 cars can be shared in a family and therefore families originally owning more than
one car are supposed to reduce their motorization rate in the future. This effect reduces the
fleet?S;

2. Second, people who currently do not drive and do not own a car might be willing to purchase an
autonomous car. This effect increases the fleet;

3. Finally, given the increased flexibility of shared mobility services, a share of population might be
willing to give away the car and to rely exclusively on ride sharing services. This effect also
reduces the fleet.

All scenarios take into account the first effect i.e. the possibility of self-driving cars to chauffeur
more members of the same family. On top of this, in Scenario 1 and Scenario 2 the relatively low
cost of automated cars and the positive propensity of users are supposed to determine an increase
in the demand for vehicles from not driving persons (second effect) while renouncing to cars in
favour of shared mobility services (third effect) is supposed to be very modest. In these scenarios
the second effect counterbalance the first one and the reduction of the overall fleet is limited in
comparison to the reference case.

In Scenario 3, where it is assumed that circulation of private CAD vehicles is more restricted and
that the propensity of individuals towards shared services is higher, the first and especially the
second effect are less significant while the third effect is more relevant. Overall, the fleet grows less
than in the previous scenarios and results to be lower than the fleet at 2020.

Finally, in Scenario 4 the three different effects operate similarly to Scenario 3, but given the five-
year delay in the uptake of CAD the fleet decreases less than in Scenario 3.

25 The intensity of effects is unknown of course. It might be that the propensity to drop one car is weaker than assumed here
while the propensity of purchasing a car by those that otherwise would not drive is higher and so total fleet could increase.
Under the assumption adopted in the model, there is room for organising within a household to share a car when this can
relocate autonomously.
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3.3.2

In the group of follower countries, the changes to the size of the fleet follow the same pattern but all
effects are levelled out by the delayed uptake of CAD.

Figure 3.10 Size of car fleet in 2020 and 2050 - EU 27
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Bus fleet

Figure 3.11 shows the simulated composition of the bus fleet by automation level at 2050 for the
Reference and the four CAD scenarios in EU27.

Consistently with the assumptions, no share of Level 3 buses is observed in the fleet as the

technology development is supposed to skip this level and to jump directly to Level 4. This

assumption is derived from the stakeholdersd consultati
is considering to skip the L3 buses production and to orient the future production directly to L4

vehicles.

In Scenario 1 and Scenario 2 the bus fleet at 2050 is dominated by Level 4 vehicles which are
assumed to enter the market in 2030 for forerunner countries and 2035 for follower countries. The
assumed strong attractiveness of private autonomous car, that are already available in the market
in 2035 for forerunner countries and 2040 for follower countries, makes the demand for buses low
and so the number of fully automated buses (Level 5) in the fleet is still negligible at the year 2050.
The assumed limitations to the circulation of cars in Scenario 2, slightly increase the demand for
buses and, consequently, the share of Level 5 vehicles at 2050 (see Figure 3.11).
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Figure 3.11 Composition of bus fleet by automation level in 2050 - EU 27
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In Scenario 3, in 2050 Level 4 buses (available since 2035 for forerunner countries and 2040 for
follower countries) represent 51% of the total bus fleet. The assumed uptake of Level 5 vehicles in
2040 for forerunner countries and 2045 for follower countries and the demand of collective transport
which is higher than in the previous two scenarios (as personal mobility is supposed to take place
mainly in the form of shared mobility) make it possible to expect a 1% share of Level 5 vehicles on
the total fleet despite the regulation of driverless bus services would still limit them to specific
circumstances.

Finally, given the assumed late deployment of Level 5 buses (2045 for forerunner countries and
2050 for follower countries), by 2050 the composition of the bus fleet in Scenario 4 is characterised
by 81% of Level 2 vehicles and by 18% of Level 4 vehicles which are supposed to be available on

the market since 2040 for forerunner countries and 2045 for follower countries (see Figure 3.11).

When focusing on the size of the bus fleet in 2050 reported in Figure 3.12, it can be noted that in all
scenarios the fleet reduces in comparison with the Reference case in 2050 as a consequence of
the shift towards private (autonomous) car or ridesharing.

Figure 3.12 Size of bus fleet in 2020 and 2050 - EU 27

2020 2050 2050 2050 2050 2050

Study on exploring the possible employment implications of connected and automated driving ECORYS A

8

Source: TRT.

33



In Scenario 1 and Scenario 2, the bus fleet strongly reduces in comparison with the Reference case
given the extremely low demand of public transport services as personal mobility is assumed to be
mainly in the form of private mobility.

In Scenario 3 and Scenario 4, the competition of autonomous private cars is much weaker. Bus
services are however challenged by the ride-sharing services so that also in these scenarios a
reduction of the size of the bus fleet can be observed.

3.3.3 Freight vehicles fleet
The simulated composition of the freight vehicles fleet26 by automation level in 2050 for the
Reference and the four CAD scenarios in EU27 is shown in Figure 3.13.

Figure 3.13 Composition of freight vehicles fleet by automation level in 2050 i EU27
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The envisaged uptake of Level 5 vehicles by 2035 for forerunner countries and 2040 for follower
countries in Scenario 1 and Scenario 2, leads to a predominant share of fully automated trucks at
2050. Later uptakes of L5 vehicles envisaged in Scenario 3 (2040 for forerunner countries and
2045 for follower countries) and Scenario 4 (2045 for forerunner countries and 2050 for follower
countries) lead to sensibly lower stock shares (17% in Scenario 3 and 3% in Scenario 4).

As shown in Figure 3.14 the overall impact on the size of the freight vehicles fleet is a reduction of
11% in comparison with the Reference fleet in 2050.

This can be explained as the combined effect of increas:
elimination of driversdé resting time rules (potentially
the reduction of transport costs?’ (potentially leading to an increased demand for road transport and

thus to an increase of the fleet).

26 Articulated trucks, large trucks, medium trucks and LDVs.
27 The reduction of transport costs is higher for trucks than for cars because of the reduction of labour costs due to truck
drivers.
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Figure 3.14 Size of freight vehicles fleet in 2020 and 2050 i EU27
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Passenger transport activity

Figure 3.15 shows the simulated road passenger transport activity by car (including, taxi, robo-taxi,
carshare and rideshare) at 2020 and 2050 in terms of travelled vehicles-kilometres in the Reference
and in the four CAD scenarios for EU27.

Simulations show that travelled vehicles-kilometres are 28% higher in Scenario 1 than in the
Reference at the year 2050. This increase is due to the combined effect of three consequences of
the early uptake of CAD vehicles. The first consequence is that more people would use car, shifting
from other modes (including pedestrian, see below). The second consequence is that reduced
stress of driving an automated car would induce some households to move in rural areas, thus
increasing their average trip length. Third, in this scenario private cars do not have any restriction to
circulation so they would move empty without any limitation to collect their owners wherever they
are. This would add km travelled and would reduce the average occupancy factor of cars.

Limitations to the circulation assumed in Scenario 2 reduce the increase of travelled kilometres by
car to 11% in comparison with the Reference at the year 2050.

Higher propensity towards shared mobility assumed in Scenario 3 (see also below), combined with
restrictions to the circulation, limits the increase of travelled vehicle kilometres to 5% in comparison
with the Reference at the year 2050. This is the combined effect of some less mobility and larger
occupancy factor for ride-sharing services than for private cars.

The same type of effect is at work in Scenario 4, however due to the assumed later CAD
deployment, travelled vehicle kilometres are 4% lower than in the Reference in 2050.
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Figure 3.15 Passenger transport activity by car* in 2050 [Mio*vkm] i EU27
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In focusing on road passenger transport activity by car (including, taxi, robo-taxi, carshare and
rideshare) in 2050 in terms of passenger kilometres (see Figure 3.16), it can be noted that in
Scenario 1 the increase is of 13% in comparison with the Reference in the year 2050. By
comparing the increase in passenger kilometres (+13%) with the increase in vehicle kilometres
(+28%), it emerges that road traffic grows muchmor e t han passengersd®é mobility.
for this impact is the lack of any restriction to the circulation of private CAD vehicles, which can
travel empty. The average occupancy factor of cars is therefore reduced.

In Scenario 2 the increase of passenger kilometres is of 4% (to be confronted with +11% increase
in vkm) in comparison with the Reference in the year 2050. In this case, the assumed restriction to
the circulation of autonomous cars poses some limitation to traffic growth.

In Scenario 3, passenger kilometres are 11% lower than in the Reference in the year 2050. This
effect is mainly due to the massive shift towards shared mobility and to the consequent change of
mobility patterns. People abandoning their personal car in favour of shared mobility services are
indeed supposed to partially change their mobility habits by reducing their trip rates and trip lengths.

Later, CAD deployment assumed in Scenario 4 limits the reduction of passenger kilometres by car
in comparison with the Reference in the year 2050 to 3%.

Figure 3.16 Road passenger transport activity by car* in 2020 and 2050 [Mio*pkm]i EU 27

Note: *car, taxi, robo-taxi, carshare and rideshare. Source: TRT.
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When looking at the mode share (Figure 3.17), simulations show a slight increased share of
passenger-kilometres travelled by private cars in Scenario 1 and a slight decrease in the usage of
collective transport (by bus and rail) in comparison to the Reference case.

In Scenario 2 the assumed restrictions to the circulation of private cars determine an increase of the
share of ride sharing services.

Ridesharing services gain higher shares in Scenario 3, while the assumed late deployment of Level

5 vehicles envisaged in Scenario 4 (2045 in forerunner countries and 2050 in followers) limits the
growth of shared services.

Figure 3.17 Passenger transport activity by mode in 2050 1 EU27
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3.3.5 Freight transport activity

Road freight transport activity at 2020 and 2050 in terms of tonnes-kilometres in the Reference and
in the four CAD scenarios for EU27 is shown in Figure 3.18.

It can be noted that road freight traffic increases in all scenarios of about 7-8% in comparison with
Reference 2050, due to the reducti

on of transportation
labour costs.

Figure 3.18 Road freight transport activity in 2020 and 2050 [Mio*tkm]i EU27

Source: TRT.
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3.3.6 Summary of results
Table3.1provi des a synthesis of the Scenario Model 6s key

Table3.1Su mmar of ke Scenari o Model és results

Fleet composition at 2050 by automation

level 1 EU 27

Car fleet [Mio*vehicles] Lo 0.00 0.00 0.00 0.00 0.00
L1 98.09 [ 0.00 0.00 28.95 | 86.00
L2 70.79 1.18 2.29 25.04 52.15
L3 71.48 24.61 29.44 58.11 60.96
L4 5.60 51.91 | 102.84 | 71.63 | 26.36
L5 0.00 158.08 | 99.69 | 13.60 | 5.97
TOTAL | 245.95 | 235.79 | 234.26 | 197.34 | 231.44

Bus fleet [Mio*vehicles] Lo 0.00 0.00 0.00 0.00 0.00
L1 0.07 0.00 0.00 0.00 0.01
L2 0.65 0.15 0.10 0.28 0.56
L3 0.00 0.00 0.00 0.00 0.00
L4 0.03 0.46 0.45 0.29 0.13
L5 0.00 0.00 0.02 0.01 0.00
TOTAL | 0.75 0.61 0.57 0.57 0.69

Freight vehicles fleet [Mio*vehicles] LO 0.00 0.00 0.00 0.00 0.00
L1 0.00 0.00 0.00 0.00 0.00
L2 11.49 | 0.00 0.00 0.02 6.33
L3 20.32 | 0.30 0.30 8.67 15.50
L4 191 7.73 7.96 16.18 | 7.33
L5 0.00 2150 | 21.66 | 4.97 0.95
TOTAL | 33.72 | 2954 | 29.92 | 29.84 | 30.11

Transport activity at 2050 i EU 27

Passenger transport activity by car [billion pkm] 5,501 6,191 5,732 4,898 5,341

Passenger transport activity by car [billion vkm] 4,621 5,909 5,136 4,855 4,413

Road freight transport activity [billion tkm] 2,346 2,534 2,511 2,501 2,519

Source: TRT.
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4.1

Employment impacts of CAD

Summarised findings of employment impacts of CAD

The employment impact of the introduction of CAD technologies varies widely by the scale and
scope of technology adoption, as can be seen in the figures in Table 4.1. These figures depict the
change of employment in 2050 compared to 2020 and therefore include some other trends, such as
increasing general transport demand and increasing productivity in manufacturing. They therefore
have to be set into context. Generally, we expect significant employment declines in transport
services driver employment, while other jobs in transport services are not as directly impacted and
act as a stabilising force. In manufacturing, construction and other services, the demand for new,
more valuable vehicles and components, as well infrastructure, results in job growth. This is,
however, not enough to offset much larger job losses in transport services.

Table 4.1 Employment changes EU27, in thousand jobs

Transport Services Manufacturing

| Passenger | Fregnt | [inCADrelevantsectors]?

Scenario 1 2,122 +91 -46 4,508 | +1,749 | -2,302 9,190 -164 -168
Scenario 2 2,122 +91 -87 4508 | +1,431| -2,620 9,190 -164 -196
Scenario 3 2,122 +89 -265 4,508 | +1,104 | -1,247 9,190 -162 -239
Scenario 4 2,122 +89 | -157 4,508 +899 +549 9,190 -163 -256

Employment in 2020 represents absolute employment in thousand jobs.

Employment in 2035 and 2050 shows the employment change compared to 2020 in thousand jobs.
Source: M-Five.

In passenger transport services, a variety of classic and automated modes coexist and compete
with each other. Employment slightly increases before automated modes enter the market, but then
decreases mostly because of job losses in bus and taxi traffic. Job losses are relatively strong in
scenarios 3 and 4 (12.5% and 7.4% less over 2020 values) with spreading shared services.
However, emerging automated transport services are also capable of creating a lot of new jobs,
especially when ride-sharing grows at the expense of private car traffic. Automation takes place
mostly in private car in scenarios 1 and 2 with a private focus, resulting in less severe losses in bus
and taxi employment (2.1 to 4.1% loss over 2020).

Freight transport services experiences stronger growth in demand for employment driven by
increased transport demand. This is followed by a much sharper decline in employment as vehicle
fleets are rapidly transformed with new automated and cost-saving®! vehicles. Employment levels
are 52% lower in 2050 compared to 2020 in scenario 1 and even 58% lower in scenario 2.
Depending on when and how rapidly this transformation unfolds, it is possible for the traffic volume

26 Employment in CAD-relevant manufacturing sectors includes employment in the vehicle, electronics, computers, and
communication manufacturing sectors.

29 2020 results have been calibrated to match empirical data, but some adjustments had to be made to account for
differences in scope. We calibrated public transport to 80% of the country level data from Transport in Figures (2016), not
aiming at the full values because they include urban rail while this study does not. Transport in Figures data does not
include taxi employment, so we used data from an EU report to calibrate taxi employment: Grimaldi, CERTeT Universita
Luigi Bocconi, Wavestone (2016).

30 2020 results for freight transport have been calibrated to match Transport in Figures 2016 data, including both road freight
transport and postal and courier data.

8t Replacing drivers with CAD technology eliminates one of the largest cost factors in freight transport. Automated vehicles
also allow for more energy efficiency.
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4.2

boost to employment to dominate job losses from CAD driver replacement, as can be seen in
scenario 4.

Apart from general declines in transport services employment in most scenarios, we also expect a
significant restructuring of the remaining jobs and skill requirements. IT jobs are set to grow rapidly.
In passenger transport, stewards will be on many automated vehicles to provide customer services
and possibly security as well as other tasks. In freight transport, we expect a transition period
between traditional drivers and fully autonomous vehicles, when mobility operators supervise level
4 trucks and light-duty vehicles. There is possibly also an increasing role for staff in control centres,
both in passenger and freight transport services.

Manufacturing employment is gradually declining over time due to improving productivity3?,
declining importance of manufacturing industries and a shrinking labour force in several European
countries. However, CAD-relevant sectors are dampening this trend, as employment increases with
CAD becoming more important. With the roll-out of automated vehicles, employment increases as
vehicles become more valuable (with more high-value components) and fleet renewal
accelerates®3, driving up vehicles sales especially in scenario 1 and 2 with fast uptake of CAD.

Similar to the manufacturing sectors, the decrease in employment in the construction sector is also
dampened by the introduction of CAD. Construction directly benefits from investments in CAD
infrastructure. Being quite dependent on general economic activity, this sector is also boosted
indirectly by GDP growth induced by the introduction of CAD and high vehicle sales.

In order to gain a complete overview of the employment impacts of CAD technologies, it is
necessary to consider indirect, i.e. second-round effects. The transition to automated transport
accelerates growth through a boost to fleet renewals, higher value vehicles and infrastructure and
facility investments. This not only affects the manufacturing and services sectors described above,
but also increases aggregate demand in the economy as a whole, which indirectly drives
employment. Rising GDP and its positive indirect effects on employment can partially compensate
for the lost employment in transport services. However, it is not enough to offset the large job
losses completely.

Transport services employment

Total transport services employment declines in all but one scenarios examined for this study.
These aggregates are dominated by freight transport services developments, as their employment
is much larger and the impact of CAD technologies on them is much more rapid. General
employment trends are therefore largely driven by when and how rapidly CAD vehicles are adopted
in cargo fleets. Developments in passenger transport services play a much smaller but still
significant role. The dynamics of adoption are more complex in passenger compared to freight
transport services. They may largely affect private cars and leave passenger transport relatively
unaffected, transform passenger transport or even shift significant amounts of traffic from private
car traffic to new forms of mobility services.

%2 This means that the same level of output can be produced with fewer inputs and less employment, mostly driven by
technological advances.

3 New vehicle purchases are an outcome of the Scenario Model. See chapter 3.3 for the development of the fleet.
Generally, demand for autonomous vehicles as a breakthrough technology at accessible price is substantial. On supply
side, there is room to increase capacity and hence production in the automotive industry.
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Figure 4.1 Employment of passenger and freight transport services, EU27
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Source: M-Five.

Passenger transport services employment

The landscape of passenger transport services is more complex than in freight transport, with
various kinds of transport services coexisting and competing with each other, particularly closer to
2050, the end of the time period considered for this study. Automated services start emerging in the
late 2030s or mid-2040s, depending on the scenario, and displace some demand for non-
automated services. This transition is depicted in Figure 4.2, with dashed lines for all automated
services and solid lines for all non-automated services.

Figure 4.2 depicts the emergence of automated buses, automated taxis and automated ridesharing
(which is conceptualised in this project as an extended, more dynamic taxi services with various
passengers and differing pick-up points and destinations, somewhat akin to a shuttle). All of these
services emerge only when SAE level 5 automation is available, as we expect them to be feasible
only at this level.

We will examine the specific kinds of transport services below, starting with the emergence of
automated modes and moving on to their impact on the employment of traditional services.

Figure 4.2 Transition to automated transport in passenger transport services, EU27
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Source: M-Five.
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Emerging automated passenger transport services

Automated buses start emerging from around 2040, with pilot projects in the early years. A more
significant roll-out begins in the mid-2040s in some of the scenarios, while others do not see any
development beyond pilot status by the end of the time period considered for this project. The scale
of the roll-out is very small, never reaching more than just over 26,000 employees (note that the
axis scale is very different from most other figures in this chapter). In scenario 2 we actually see
automated buses taking up a significant share of the bus market, with around 10% of bus transport
demand in some of the technologically more progressive member states. But with most countries
lagging behind this development and since automated buses are only around half as employment
intensive as conventional buses, employment figures on the EU level remain very small.

Figure 4.3 Automated bus employment, EU27

Source: M-Five.

For automated taxi services we also see only very limited development, reaching a maximum of
only 5500 jobs created by 2050. In scenario 1, this service does not emerge at all i in this scenario,
automation affects only private car traffic but not passenger transport services. In all cases with
some emergence of automated taxis they are clearly overshadowed by ridesharing services.

Figure 4.4 Automated taxi employment, EU27
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Source: M-Five.

The dynamics of ridesharing employment appear to follow a very similar pattern as automated
taxis, but on a very different scale. Employment reaches figures in the hundreds of thousands in
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some of the scenarios and the traffic demand behind this development is the main driving force
behind the impact on established transport services described further below.

In scenario 3, we see employment created by ridesharing reach 660,000, an impressive figure
given that no drivers are required at SAE level 5. Almost 200,000 IT staff and 220,000 stewards
make up much of this job creation. Another significant job group is maintenance with around
130,000 jobs. The development behind this surge is not only quantitatively, but also qualitatively
different from the other scenarios and the other dynamics affecting transport services: This scenario
depicts the possibility of a significant amount of travelling that was previously done with private cars
is taken up by ridesharing by the end of the 2040s. This means that the overall size of the
passenger transport sector grows by drawing more customers to this new transport service. This is
important to keep in mind when evaluating the relative magnitudes of employment of different
services in scenario 3.

Figure 4.5: Ridesharing employment, EU27

Source: M-Five.

Impact on driver-based passenger transport services

Let us now examine how these autonomous transport services affect established services. A basic
finding of the Scenario Model simulation is that we are not looking at separate markets for buses,
with conventional buses competing primarily with automated buses, and car-based markets, with
conventional taxis competing against automated taxis and ridesharing. Instead, we see dynamics
crossing these boundaries, as will be shown below.

Buses make up a very large share of current transport services employment and their development
therefore is a major impact on overall employment in the sector. Bus transport demand declines
due to competition from automated transport services. This follows an increase in demand that
sees bus employment peak in the early 2030s around 50,000 jobs higher than the 2020 level.
Overall job losses in the period from 2020 to 2050 vary widely from just under 30,000 to 488,000.

As we have seen above, automated buses are not projected to take up large shares of the bus
market in any of the scenarios. In the strongest showing of automated buses in scenario 2, they
create around 26,000 jobs, while 160,000 conventional bus jobs are lost. In the scenario with the
most rapid job losses (488,000 in scenario 3), automated bus employment reaches only 14,000.
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