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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

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