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Executive Summary 

This Deliverable reflects the work that has been done in Drive2theFuture with regards to certification 
requirements of the training schemes developed within the Activity 4.4 (A4.4), along with acceptance creation 
measures (A4.5) and the investigation of the expected impacts of automation on employment (A4.4). 
 
The social impact deriving from the introduction and roll-out of autonomous vehicles across the four transport 
modes (i.e., road, rail, maritime and air) is currently being investigated by the wider transport sector. 
Consequently, this Deliverable aims primarily at raising awareness on the impact of high-level vehicle 
automation on the future role of driver and operator, as well as proposing potential solutions in the form of 
recommendations to ensure public acceptance and facilitate the industry transition. The path towards vehicle 
automation must take into consideration existing certification schemes and adapt them accordingly, as current 
certification schemes do not consider autonomous vehicles. As additional knowledge is gathered on 
autonomous vehicles capabilities and their development, current certification schemes need to be revised 
accordingly. At the same time, acceptance creation measures have to be adapted and further developed, as a 
key enabler for user acceptance. For this, autonomous vehicles need to showcase ways they can facilitate 
drivers’ and operators’ daily work, while not portraying themselves as a replacement and discourage transport 
workers from adapting to future skills set required. The work carried out in Deliverable 4.3 focused on 
identifying existing certification schemes and suggesting ways to include elements specific to autonomous 
vehicles. 

Inevitably, a large-scale deployment of vehicle automation will impact employment across the transport sector 
and this impact will have to be further assessed to be able to best support transport labour market transition. 
Autonomous vehicles represent both an opportunity and a challenge, requiring all stakeholders, including 
policymakers, industry, and trade unions, to collaboratively work together to enable a smooth social and 
market transition. The large-scale deployment of AVs provides a space for new emerging professions as well 
as the opportunity to enhance the image of the transport profession. However, some challenges might emerge 
for transport professionals facing difficulties to adapt to new AV technology and the adaptation of future skills 
required across the labour market. For this reason, a consultation process was carried out together with the 
trade unions to further understand drivers’ and operators’ expectations and challenges.  

The recommendations presented in this document reflect the entirety of the work in A4.4 and A4.5, with the 
goal to provide suggestions to best understand and support the social impact that large-scale autonomous 
vehicle deployment might have. Recommendations developed in this report focus on reskilling and training 
currently in vigour across the EU, as well as the ways they can be adapted and further developed to support 
transport professionals during the gradual uptake of large-scale automation, by accurately reflecting 
technological and societal changes taking place across the sector. Ensuring up-to-date certifications and 
training requirements is in fact crucial to support the safe deployment of large-scale AV for both the general 
public and professionals. The implementation of certification requirements that reflect the future needs of AV 
will help mitigate societal challenges brought by AV deployment and help foster the positive impact of AV 
advancement within the transport sector but also more accurately meet mobility and societal needs.  

The set of recommendations proposed take into account: legislative needs, reskilling and training of drivers, 
reskilling and training of other transport professions, funding and training for self-employed and SMEs 
transport professionals, support the image of the profession, development of social dialogue at the EU level, 
human-vehicle interaction training and certification, adaptive training and certification schemes, as well as 
ways to support employment transition.  
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1. Introduction 

1.1. Purpose of the Document 

The purpose of this document is to investigate existing certification schemes for road, rail, maritime and air 
transport, to then provide insight on the best way to adapt them to AV specificities and future needs. In 
addition, the report outlines the potential impact of AV deployment on employment within the transport 
sector as well as highlighting future acceptance creation measures. The main outcome of this activity includes 
recommendations, to provide suggestion on the ways to manage the transition towards autonomous vehicles, 
taking into account future changes required to adapt existing EU certification schemes and legislative 
frameworks to large-sale automation deployment. To develop a better understanding of transport 
professionals' perceptions and expectations regarding the introduction of autonomous and unmanned 
transport systems, a consultation with trade unions was conducted through survey. The results of both this 
document and the survey were presented through a letter destined to members of the European Parliament 
on September 2022, presenting the outcomes of stakeholder’s engagements as well as a set of policy 
recommendations to update and establish measures to best support the deployment of large-scale AV across 
the EU.  

1.2. Intended audience 

The nature of this document is public, meaning that it will be accessible to Consortium partners as well as 
external stakeholders and the wider audience. Considering the various policy and research aspects that this 
report touches upon, the intended audience is the following:  

● Internally to the project:  

o Drive2theFuture partners working on certification, impact on employment and the 

identification of acceptance creation measures and training incentives (WP4) 

o Drive2theFuture partners investigating ethical, security and legal issues can benefit from 

training focused on legislation (WP7) 

o Drive2theFuture partners involved in drafting the Automation User Acceptance creation path 

roadmap (WP8) 

 

● Externally to the project: 

o Raising awareness towards policymakers regarding the impact of automation on employment 

across air, maritime, rail and road transport 

o Setting additional needs for future research on certification needs and strategies to mitigate 

the impact on employment 

o Favouring knowledge sharing with other stakeholders in the wider transport sector. 
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1.3. Interrelations and links to other project activities 

This document reflects the outcomes and the work carried out by A4.4: Certification requirements and impacts 
to employment. There are several interrelations between A4.4: Certification requirements and impacts to 
employment in Work Package (WP) 4. Significant transfer of knowledge was performed together with A1.5 
Transferability from/to other modes in relevant training across modes. Additionally, A1.6 Taxonomy of 
knowledge and skills required to operate an AV was carefully looked at to build synergies related to the content 
of the training programmes. A4.3 has a direct interrelation with A2.5 Sentiment analysis which performed 
‘driver’ training adaptation based upon the results of this Activity. The creation of novel training tools – some 
developed in A4.2 VR/AR and multimedia training and awareness tools – contributed to shaping the AV 
training programmes presented in this document. A strong interrelation also exists with WP5 Pilot tests 
 
 
 

 
Figure 1: Interrelations between WPs and Activities 
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2. Level of automation across transport modes 

Each transport mode has its own classification associated with the level of automation present within the 
vehicle. Drivers and operators in the road, rail, maritime and air transport sector will need to be trained 
according to the level of automation implemented, which ranges from automated driving assistance to 
complete automation without the need of human interaction. The following sub-chapters provide an overview 
of automation classification schemes currently in vigour within each transport mode. 

2.1. Road transport 

In the road transport sector, the levels of driving automation are determined by the Society of Automotive 
Engineers (SAE). Drive2theFuture considers and studies automation levels 3, 4 and 5, while preparing drivers 
and operators for updated certification schemes that reflect the changes taking place in the way the vehicles 
will operate in the next years, as increasingly automated features are integrated within vehicles. The Table 1 
below, taken from the National Highway Traffic Safety Administration (2021), showcases this gradual shift of 
vehicle´s features and operating systems towards automation, by summarizing the information and 
characteristics on each level of automation and outlines the respective role of the driver and the vehicle.  
 

Table 1: Overview of SAE levels of driving automation 

Levels of 
automation 

Role of the driver/vehicle 

Level 0 No automation. The human driver manually controls all aspects of the driving. 

Level 1 The advanced driver assistance system (ADAS) on the vehicle can assist the human driver 
with either steering or braking/accelerating, but not both simultaneously. 

Level 2 The advanced driver assistance system (ADAS) on the vehicle can itself actually 
control both steering and braking/accelerating simultaneously under some specific 
scenarios. The human driver must continue to be fully engaged (“monitor the driving 
environment”) at all times and perform the rest of the driving task. 

Level 3 The automated driving system (ADS) on the vehicle is able to perform all aspects of the 
driving task and make informed decisions, such as overtaking slower moving vehicles, 
under specific conditions. However, if the specific conditions are met, the human driver 
must be ready to take back control at any time when the ADS requests it in all other 
circumstances, the human driver continues to perform the driving. 

Level 4 The automated driving system (ADS) on the vehicle can itself perform all driving tasks and 
monitor the driving environment – essentially, do all the driving in for routine routes and 
conditions defined within its operational design domain (ODD). No human input or 
oversight is required except under select conditions defined by factors such as road type, 
geographic area and environmental conditions.  

Level 5 The automated driving system (ADS) on the vehicle can do all the driving tasks, and under 
all circumstances. The human occupants are just passengers and are not involved in the 
driving. 

 

2.2. Rail transport 

The International Association of Public Transport (UITP) outlines the Grades of Automation (GoA) which are 
defined based on basic functions of train operation, either being carried out by staff or the vehicle itself. Table 
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2 below summarises the information collected by Powell et al. (2016) on each level of automation for rail (0-
4).  

Table 2: Overview of Grades of Automation in rail transport 

Grade of 
Automation 

Type of operation Setting train 
in motion 

Stopping 
train 

Door 
closure 

Operation in 
event of 
disruption 

GoA 0 Driver without 
Automatic Train 
Protection (ATP) 

Driver Driver Driver Driver 

GoA 1 Driver with Automatic 
Train Protection (ATP) 

Driver Driver Driver Driver 

GoA 2 ATP and Automatic 
Train Operation (ATO) 
with driver 

Automatic Automatic Driver Driver 

GoA 3 Driverless Train 
Operation (DTO) 

Automatic  Automatic Train 
attendant 

Train attendant 

GoA 4 Unattended Train 
Operation (UTO) 

Automatic Automatic Automatic Automatic 

 

2.3. Maritime transport 

In maritime transport, the International Maritime Organisation (IMO) (2021) defines four degrees of 
automation applied to vessels. The Table 3 below elaborates upon the four degrees of automation and offers 
descriptions on their respective characteristics and as to why they differ from one another. 
 

Table 3: Degrees of automation in the maritime sector 

Degree of 
automation 

Description 

Degree one Ship with automated processes and decision support: Seafarers are on board to operate 
and control shipboard systems and functions. Some operations may be automated and at 
times be unsupervised but with seafarers on board ready to take control. 

Degree two Remotely controlled ship with seafarers on board: The ship is controlled and operated 
from another location. Seafarers are available on board to take control and to operate 
the shipboard systems and functions 

Degree three Remotely controlled ship without seafarers on board: The ship is controlled and operated 
from another location. There are no seafarers on board. 

Degree four Fully autonomous ship: The operating system of the ship is able to make decisions and 
determine actions by itself. 
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2.4. Air transport 

Currently, there are no official nor commonly agreed levels of automation related to drone operations. 
However, the European Cockpit Association (ECA) (2020) has stipulated automation levels for UAS, presented 
in the Table 4 below. 

Table 4: Levels of automation in the air transport sector 

Level of 
automation 

Description 

Level 0 – No 
automation 

Controlled by the Pilot-in-Command during the entire operation, even when enhanced 
by active safety systems. 

Level 1 – Pilot 
assistance 

The sustained and Operational Design Domain (ODD) specific execution by a flight 
automation system of either the lateral, the longitudinal or vertical vehicle motion 
control subtask, but not simultaneously, with the expectation that the Pilot-in-
Command performs the remainder of the management of flight. 

Level 2 – Partial 
automation 

The sustained and ODD specific execution by a flight automation system of the lateral, 
longitudinal and vertical vehicle motion control subtasks of the management of flight 
with the expectation that the pilot completes the Object and Event Detection and 
Response (OEDR) subtask and supervises the flight automation system. 

Level 3 – 
Conditional 
automation 

The sustained and ODD specific performance by an Automated Flight System (AFS) of 
the entire management of flight with the expectation that the fall-back-ready Pilot-in-
Command is receptive to AFS-issued requests to intervene, as well as to management 
of flight performance-relevant system failures in other aircraft systems and will respond 
appropriately. 

Level 4 – High 
automation  

The sustained and ODD specific performance by an AFS of the entire management of 
flight and management of flight fall-back without any expectation that a mission 
commander will respond to a request to intervene. 

Level 5 – Full 
automation 

The sustained and unconditional (i.e., not ODD-specific) performance by an AFS of the 
entire management of flight and management of flight fall-back without any expectation 
that a mission commander will respond to a request to intervene. 

 

Currently, the automation of vehicles and the adoption of automated features is taking place across all 
transport modes, with new commercial vehicles integrating automated driving system (ADS) features to assist 
driving tasks. For instance, in March 2022, the car-manufacturer Honda has announced the approval of the 
first commercial vehicle equipped with certified level-3 self-driving, while many global automakers currently 
offer vehicles equipped with level 2 partial automation system (Slovick, 2022). Vehicles and operating systems 
automation is also taking place across the aviation sector, with the development and deployment of 
automated aircrafts and drones, as well as within rail sector, with the implementation of Automatic Train 
Protection (ATP), Automatic Train Operation (ATO) and the deployment of driverless metro lines. Automated 
metro systems are currently operating across European cities, with the largest number of unmanned 
automated networks located in France, Italy and Germany (Zasiadko, 2019). With technological advancements 
being made within the automotive sector, automation can be expected to become an increasingly prominent 
feature of transportation, shifting future needs and skills required across the profession and industry. 
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3. Existing certification schemes 

Autonomous vehicles (AVs) have the potential to considerably shift mobility, opening up the opportunity to 
support the deployment of safe, interconnected, and greener transport networks. With vehicles and operating 
systems becoming increasingly autonomous, transport regulatory and certification framework should be 
adapted to new driving technology, to ensure the development of both public trust and transport network´s 
reliability framework. To better understand the way certification schemes can be adapted to automated 
vehicles, an overview of main EU transport regulations and certifications across transport modes (road, rail, 
aviation and maritime) will be provided to better understand the ways current framework should be adapted 
to future needs of the transport sector. 

3.1. Road transport certification schemes 

This chapter presents certification schemes currently in force across the EU that regulate road operators and 
drivers.  Existing certification schemes aim to ensure that safe and harmonized qualifications and competences 
are in place, to support the secure operation of vehicles on open roads. To provide a broad overview of the 
impact of automation on road transport, we will take into consideration all actors involved in road transport 
(private passenger cars, taxi, buses, coaches, tractor-trailer, trucks), with a particular emphasis on road 
transport professionals. 

By presenting this, the aim is to establish an overview of the state of the art and provide the starting ground 
to discuss the adaptation of certification and training schemes to road transport automation. In fact, as 
automation becomes an increasing integral part of everyday operations, skills and certification schemes will 
need to integrate and reflect the new requirements of the vehicle and of the industry more broadly.  

3.1.1. EU certification for drivers – driving license  

Certification schemes aim to ensure road safety, for both drivers and vulnerable road users. At the EU level, 
the main certificate regulating road drivers are national driving licenses, harmonised across the EU by  
Directive 2006/126/EC of the European Parliament and of the Council of 20 December 2006 on driving 
licences . This Directive regulates the conditions, minimum age, and mutual recognition for driving licences for 
all kind of vehicles categories (A, B, C and D - the breakdown of the vehicles categories and their respective 
licensing conditions are provided in the Annex 1 of this document).  

Directive 2006/126/EC further specifies minimum testing requirements needed to obtain a licence and 
introduces a new European driving licence, to improve road safety and the mutual recognition of licences 
between EU countries. In addition, the Directive aims to reduce the scope for fraud with a new electronic data-
sharing network between national authorities and changes regarding the administrative validity period for 
personal car and motorcycle licenses from 10 to 15 years, which allows for a more regular update on security 
features and makes it harder for holders to forge or tamper licences. 

Directive (2006/126/EC) harmonises the frequency of medical checks for lorry and bus drivers at the EU level, 
which need to be carried out every time driving licence are renewed, every 5 years (as from 19 January 2013, 
licences issued by Member States for these categories shall have an administrative validity of 5 years). This 
updated regulation is an additional step towards improved road safety and certification harmonisation across 
all Member States. 

To ensure road safety, a set of minimum requirements necessary to obtain a driving licence have been laid 
down across all Member States. Directive 2006/126/EC specifies harmonised driving tests requirements and 
licensing standards, to ensure the mutual recognition of driving licences among Member States and the 
effective introduction of the new European driving licence model. To this end, the Directive defines 
knowledge, skills and behaviour connected with driving motor vehicles, as well as including minimum 
standards of physical and mental fitness, necessary to obtain driving licences. Driving tests should follow the 
requirements laid down in the Directive 2006/126/EC Annex II on minimum requirements for driving tests and 

https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX%3A32006L0126
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Annex III on minimum standards of physical and mental fitness for driving a power-driven vehicle. Member 
States may include new provisions for more stringent criteria. 

In brief, the Directive on driving licenses distinguishes between two main components: 

- Driving competences and skills. Applicants for driving licences must possess a whole range of motor 
and cognitive skills necessary to safely drive a vehicle, as described in the Goals for Driver Education 
(GDE) matrix, utilized to overview both technical and soft skills drivers should master. These skills 
mainly concern familiarity and knowledge on technical aspects of the vehicle and vehicle safety 
(proper use of seatbelt, headrest, pressure of tyres), road traffic regulations, perception and attitude 
in relation to other road users and rules regarding vehicle use in relation to the environment and road 
conditions. 
 

- (Medical) fitness to drive. Applicants for driving licences and drivers must possess adequate physical 
and mental abilities to drive a motor vehicle. All applicants or drivers must have adequate visual acuity 
and showcase they are not suffering from recurrent and severe locomotor and cerebral functions 
failures (e.g., diabetes mellitus, epilepsy) which may expose a driver to sudden disturbances, which 
would constitute a danger to road safety.  

 

Obtaining a driving licence authorises the driving of a specific power-driven vehicle category. The definition of 
vehicle categories reflects the technical characteristics of the vehicles concerned. Specific information 
regarding the age and skills needed to drive different categories of vehicles are presented in the Annex 1 of 
this document. 

The European Commission is currently preparing a revision of the Directive 2006/126/EC on driving licenses, 
with the goal to further improve road safety and facilitate free movement across the EU. Future legislation is 
set to take into account new mobility challenges, particularly in regard to digital technology and sustainability. 
A public consultation took place until May 20, 2022, and a new legislative proposal is planned for the end of 
2022 (European Commission, 2021).  

3.1.2. EU certification schemes for goods and passenger road transport 
professional 

If the Directive 2006/126/EC previously mentioned regulates certifications for all road drivers, both 
professionals and non-professionals alike, there are specific sets of rules dedicated to professional road 
transport drivers, to ensure the safety of haulage operations and passenger transport.  

The establishment of a common transport policy requires the future legislative proposal to harmonise the 
social and administrative aspects, namely through the Directive on the initial qualification and periodic training 
of certain road vehicles (Directive 2003/59 EC) and the regulation on driving time, breaks and rest periods 
Regulation (EC) 561/2006, amended in July 2020 to “improve clarity and consistency” across the EU 
(Regulation (EC) 2020/1054). Elements of these regulations directly linked to professional drivers’ behaviour 
and/or certification will be discussed in the following sub-chapters, however, preconditions for the 
implementation of these rules as well as enforcement issues will not be addressed.  

3.1.2.1. The Certificate for Professional Competence (CPC) Directive 

To maximise road safety across Member States and ensure that drivers have acquired the right skillset needed 
to drive on public roads, Directive 2003/59/EC introduced a mandatory qualification licence, the Certificate of 
Professional Competence (CPC) for professional drivers, which regulates the qualification and periodic training 
of certain road vehicles for the carriage of goods or passengers. The possession of a CPC proves that the driver 
is allowed to drive a vehicle for professional reasons.  

The CPC Directive regulates drivers minimum age, the content and organisation of trainings, validity, and 
administrative aspects of the certification. The Directive was amended in May 2018 to overcome 

https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32003L0059
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex:32006R0561
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inconsistencies and shortcomings related to: the training content, the recognition of training among Member 
States and the interpretation of exemptions.  

The qualification and further training are mandatory for all drivers of vehicles for which a driving licence of 
category C (including C1, C1+E, C and C+E) or D (including D1, D1+E, D and D+E) is required. Some exceptions 
are made for more specific vehicles or their use in particular situations such as rescue situations, military 
operations, etc. These exceptions are the same those pronounced in the Regulation on driving and rest times. 

The CPC is composed of a basic qualification of driver valid for five years, after which a periodic training is 
required to further prolong the certification. Some main characteristics of these trainings can be resumed in 
the following way: 

• Basic qualification of drivers:  Member States must organise a theoretical and practical examination, 
but the organisation of courses itself is not mandatory. Candidates for certification in freight transport 
must be minimum 18 years and already in possession of the required driver’s licence, while candidates 
for passenger transport must have reached the minimum age of 21. The minimum driving age for 
motor vehicles designed and constructed for the carriage of more than eight passengers in addition 
to the driver as well as vehicles over a certain weight require to be over 24 (Annex 1 for more 
information). The basic qualification of drivers has a validity period of 5 years. 

• Periodic training: To prolong the qualification after 5 years, drivers must follow additional training 
modules with a minimum total training of 35 hours. Both courses and training centres must have been 
officially recognized by the Member State and being in line with the topics prescribed by the EU 
Directive for each transport category. 

The content of the training does not only take into account driving capacities, but also includes all the aspects 
of the drivers work, such as technical competences regarding cargo safety, loading and unloading activities, 
and passengers’ safety. After the revision of the Directive in 2018, higher competences of the GDE-matrix 
(Goals for Driver Education) got a larger part in the course offer. 

With the rapid development of technology, customers’ behaviours and operational practices, but also the 
shortage of drivers, the industry is increasingly feeling that the current EU driver training framework will need 
an adaptation and modernisation, with the objective to meet both current and future demands.  

3.1.2.2. Road transport professionals driving and rest time rules 

The Regulation (EC) 561/2006 on the harmonisation of social legislation relating to road transport, defines the 
rules for maximum daily and weekly driving time as well as minimum necessary rest periods. Revisions of the 
regulation have been made (Regulation (EC) 2020/1054) to update the legal provisions on the recording of 
driver´s driving and resting times and the use of tachographs, a device that records activities of the vehicle.  

In addition to harmonising the conditions to guarantee fair competition among Member States, the Regulation 
(EC) 561/2006 plays an important role in safeguarding road safety. The obligation to rest for a certain time can 
help drivers stay attentive at the wheel and allow them to better concentrate on both the road and behaviour 
of other drivers. During their rest time, drivers may not be involved in other activities (loading and unloading 
their truck, administrative activities, etc.) but remain free of duties.  

It is further complemented by Regulation (EU) No 165/2014 of the European Parliament and of the Council of 
4 February 2014 on tachographs in road transport, repealing Council Regulation (EEC) No 3821/85 on 
recording equipment in road transport and amending Regulation (EC) No 561/2006 of the European 
Parliament and of the Council on the harmonisation of certain social legislation relating to road transport.  

These rules apply to road goods transport with vehicles over 3.5 tons and for road passenger transport vehicles 
for more than 8 persons (driver included). Regular services (public transport, school buses, etc.) are exempted 
from these provisions as long as they do not exceed a distance of 50 km. As of August 2026, these rules will 
also apply for road goods vehicles exceeding 2.5 tons. The Table 5 below resumes the general rules of driving 
and resting time according to Regulation (EC) No 561/2006. 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32014R0165
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Table 5: Driving and rest time rules (European Commission, Regulation (EC) No 561/2006) 

General rules about driving and rest time: Time 

Continuous driving time 4h30 

Daily driving time 9h 

Weekly driving time 56h 

Maximum driving time for two contingency weeks 90h 

Minimum rest time between two drives 45 min 

Daily rest time 11h 

Weekly rest time 45h 

 

Regulations currently in force across the EU to define professional driving and rest time rules are not an 
important legislative framework for road operators and haulers, but also for the future of the road transport 
industry. In fact, as automated features are integrated within the vehicle and able to increasingly support 
driving tasks, the current definition of driving and rest time must be re-questioned, opening up the legislation 
and sector to new definitions of what can be legally considered as falling under the scope of driving time.  

With the rapid development of technology, social and driving patterns, in particular, after COVID-19, the 
current EU driving and rest time rules are increasingly coming under pressure, with voices increasingly calling 
for their adaptation, to better fit changing behaviours and technology.   

3.1.3. National and sector-specific certification schemes for other road 
transport professionals 

EU legislation sets regulations on goods and passenger road transport certifications, licences and driving 
conditions across Member States. However, in some instances, specific national and sector-specific 
certification and training may be applied to help professional drivers and operators meet particular needs. 
These certifications and trainings can be mandatory, such as the transport of dangerous goods (ADR) 
certification or the Taxi Driver & Area Knowledge Certificate (TDAKC) but can also be applied on a voluntary 
basis such as the TAXIstars programme. The following-sub chapter will provide a short non-extensive view of 
additional certification schemes in road transport across Europe. 

3.1.3.1. Taxi certification schemes 

Taxi certification schemes are a good example of how flexible certification schemes can help operators and 
drivers adapt to changes in the professional market and ways to develop and implement training schemes in 
a flexible and proactive way, both at the national and EU level. 

In Malta, the Taxi Driver & Area Knowledge Certificate (TM Land, 2022) is a compulsory certificate that taxi 
drivers obtain after participating in training programmes and successfully passing the required exam. This 
certification scheme aims at improving the skills of drivers and supporting safer behaviour on the road. The 
list of topics includes knowledge of vehicle characteristics and safety features, safety of drivers, passengers 
and other road users, routes, destinations, interpersonal skills, and languages. 

Other instances of taxi road transport certification schemes can be seen in Germany, where the TÜV 
Association which represents the interests of the Technical Inspection Associations across Germany and 
Europe, provides a certificate for safe taxi companies. To be granted the certificate, companies must comply 
with specific requirements that take into account drivers, the vehicles, and the company. Risk assessments 
questionnaires are carried out to determine whether a potential grantee meets the necessary requirements 
to comply.  
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Other examples of certification schemes in the taxi sector include TAXIstars (IRU, 2022), a taxi driving 
programme which covers essential skills and is particularly useful for companies looking to introduce short, 
practical introductions to train new recruits or to re-train existing workforce. Co-founded by the European 
Commission, TAXIstars offers a free online- learning platform based on the needs of the labour market, taking 
into account the rapidly changing working conditions for professional taxi-drivers. The course consists of 50 
“bite-size” learning units of about 5 minutes each, which can be taken even during short breaks. These learning 
units cover essential taxi driver skills, such as drivers’ well-being, emergency case management, personal 
safety, social interaction, conflict management, and eco-driving. This program provides resources to ensure 
safe and competitive taxi services, and classes can be taken through a variety of online platforms, such as 
mobile applications for smartphones and tablets.  

Similar to the training programs provided to companies and operators on both a voluntary and mandatory 
basis, the training programs for automated vehicles should showcase a degree of flexibility to facilitate its 
successful completion, following the needs and schedule of transport professionals. In addition, a flexible 
training tool and program would facilitate the creation of new content, able to better adapt to the needs of 
drivers and users, as well as adapting to rapidly evolving changes of AV technology. 

3.1.3.2. Transport of dangerous goods by road (ADR)  

To ensure public and drivers’ safety when transporting dangerous goods such as explosives, flammables, 
fuming acids and pesticides onto open roads, the Agreement on International Carriage of Dangerous Goods 
by Road (ADR) was introduced. The treaty was established in Geneva on 30 September 1957 under the 
auspices of the United Nations Economic Commission for Europe, and entered into force in January 1968, and 
with the latest amendment entered in force in January 2021.  

According to the ADR, all parties involved in the transport and handling of dangerous goods, not just drivers, 
must prove to have gained appropriate expertise in both handling and regulation of dangerous goods. Drivers 
are required to obtain the ADR certificate, after following a training course and passing a theoretical 
examination. This certificate must be renewed every five years with refresher training and examination. 

Vehicles used to transport dangerous goods must be approved through an ADR registration of the vehicle, 
which must be renewed every year at a technical inspection. The ADR specific inspection and renewal of the 
registration can only be carried out by an officially recognised inspection body. 

The ADR is a particular example of the ways in which a certification can take into account the driver, training 
itself as well as the vehicle. As large-scale AV deployment takes place across roads, certificates could ensure 
that drivers hold the necessary skills to safety drive automated vehicles, but also to implement a frameworks 
and guidelines to inspect automated vehicles and their operating systems, ensuring their safe deployment and 
operation across open roads. 

3.1.3.3. Driving instructor’s certification schemes 

Existing practice for driving instructors differs substantially across Europe, in terms of requirements on age, 
driving experience and teaching skills. Currently, there are no specific European rules, but there are common 
requirements, such as holding a valid driving licence of the considered vehicle, having several years of driving 
experience and being above a certain age.  

National conditions usually require a candidate to successfully complete different types of trainings, 
internships, and tests in order to successfully become a driving instructor. The goal of training and procedures 
is to qualify and ensure the aptitude of candidates to teach, by focusing on the theoretical part (traffic code 
knowledge and hazard perception), the driving ability part (driving technique) and instructional ability part.  

In France for instance, the Guichet de Qualifications provides an overview of the qualifications that 
applicants must meet to obtain a teaching licence (Guichet-qualifications.fr, 2020): 

• Hold a valid driver's licence with an expired probationary period, valid for the category of the 
vehicle, 

• Hold a title or diploma as a driving and road safety teacher, 
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• Be at least 20 years of age, 
• Meet the physical, cognitive, and sensory fitness requirements required for driver's licences in 

categories C1, C, D1, D, C1E, CE, D1E and DE. To do so, the individual will need to obtain the advice 
of a medical officer. 

A specific issue is indeed the current shortage of driver training instructors in the majority of EU Member 
States, an issue, which is contributing to an increasingly acute driver shortage at EU level. 

In addition, in many cases, the competent (transport) authority lacks the specific knowledge to evaluate and 
approve driver training programmes, which makes it difficult for driver- and company-specific trainings to be 
widely used during the periodic training. 

3.1.3.4. Eco-trucks driver’s certification schemes 

With heavy capacity vehicles (HCV), also called eco-trucks, road transport can be more efficient and reduce 
the number of kilometres travelled by trucks. By being able to carry more goods than standard vehicle 
combinations, eco-trucks offer a quick and workable solution to meet ambitious decarbonisation targets. Their 
greater payload means that two eco-trucks can transport the cargo of three regular trucks, reducing the 
number of vehicles on the road, reducing accidents, and therefore reducing environmental emissions as a 
result. 

Eco-trucks are composed of trucks with trailers, with a length between 18,75m and 25,5m, with a maximum 
weight between 44 and 60 tonnes, and with two pivot points. Figure 2 showcases the four different 
possibilities. 

 

Figure 2: Overview of the four possible combinations of LHV  (source: https://www.vlaanderen.be ) 

 

However, these vehicles are not yet allowed to operate in all EU Member States as the implementation of 
different regulation across countries, severely limits the use of more fuel-efficient eco trucks (Whiteman, 
2021). Consequently, there are no European rules to regulate the training and certification of drivers of eco-
trucks. Nevertheless, those countries who have national regulations for eco trucks also have specific 
regulations to certify the drivers. The basis is an official truck driver drivers’ licence (C1E-CE category) and a 
minimum of experience with a normal truck (for e.g. in the Netherlands and in Belgium: 5 years). The additional 
training is in most countries developed as a specific part of CPC.  

https://www.vlaanderen.be/langere-en-zwaardere-vrachtwagens-lzvs/het-proefproject
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3.1.3.5. Eco-driving and low-emission certification schemes 

IRU’s Eco-Driving training course and certification aims to provide drivers with fuel efficiency techniques, to 
support road safety, improve driver performance, awareness as well as enabling fuel and fleet management 
savings. The course makes drivers aware of the impact of road conditions and of their driving style on vehicle 
efficiency, showing them ways to drive ‘eco-efficiently’ without time losses. The training is not specific to any 
particular vehicle or technology, therefore, supporting companies with diverse set of vehicles within their 
fleets (e.g., trucks, coaches, vans, taxis) allowing them to benefit them from eco-driving (IRU, 2017).  

Furthermore, the EU-funded Horizon-2020 project MODALES is currently testing ways to reduce emissions 
from fuel but also other related emissions from brakes, tires, powertrains, and other parts. During the three 
years of the project, the role of driver will be studied and tested, and training material will be developed on 
the ways drivers can change behaviour to save emissions.  

The large-scale deployment of AVs opens up the possibility to reduce Greenhouse Gas (GHG) emission allowed 
by factors such as eco-driving, eco traffic signal, platooning, and less hunting for parking (Massar, 2021). The 
impacts of autonomous vehicles on GHG emission are however highly dependent on continuous technological 
development and evolution, market reaction, and regulatory actions, making it challenging to confidently 
predict the overall benefits expected to deliver by AVs to the transportation systems in terms of GHG emission 
(Massar, 2021). 

3.2. Rail transport certification schemes 

This chapter focuses on the roles and certifications schemes associated with rail transport operations. Current 
European legislative framework will be presented and analysed, focusing on the main elements and 
milestones of diverse professions within the rail sector. The various certifications will also be analysed to look 
at the ways that rail certifications schemes will have to be adapted as the result of technological developments 
in automated features, particularly for the professions of train drivers, signallers, and other rail professionals. 

3.2.1. Certification for train drivers 

Certifications for train drivers in the rail sector have been historically designed by state-owned companies, 
with drivers being certified to drive in specific vehicles and specific routes (European Commission, 2021). The 
limitation of train operations to national networks due to the existence of national monopolies created after 
the Second World War and the significant differences of technical systems and legal regulations between 
countries, produced a lack of incentives to harmonise certifications schemes. This paradigm started to change 
after the beginning of the sector´s liberalisation and the lift of legal and technical barriers for cross-border 
routes. 

To adapt to the new paradigm, a European legislative framework was launched to facilitate the harmonisation 
and mutual recognition of national training and schemes. The first element was Directive 2007/59/EC on the 
certification of train drivers operating locomotives and trains on the railway system in the Community 
(European Commission, 2007). The Directive was built on a previous agreement for cross-border 
interoperability services concluded by the Community of European Railways (CER) and the European Transport 
Workers’ Federation (ETF) in 2004. The main objective of this Directive was to help drivers move from one 
Member State to another while maintaining the same level of safety All train drivers should have obtained a 
European licence since 2018 (European Railways Agency, 2014). 

The Directive 2007/59/EC defines in the annexes the following sets of common rules and procedures for 
driver’s certification: 

• Characteristics and contents of the licence; 
• Minimum medical requirements; 
• Training methods; 
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• General professional knowledge and requirements regarding the licence; 
• Professional knowledge of rolling stock and requirements regarding the certificate; 
• Professional knowledge of infrastructure and requirements regarding the certificate; 
• Frequency of examinations. 

Directive 2007/59/EC has been evaluated by the European Railways Agency (ERA) in 2014 and by the European 
Commission (EC) in 2020. The ERA evaluation put forward a list of amendments to the Directive based on 
feedback received from national safety authorities and other relevant rail stakeholders. Most of the proposals 
refer to the need of further clarifications and of additional harmonisation of specific procedures, such as 
medical and psychological examinations (European Railways Agency, 2014). If the ERA evaluation focused on 
improvements of the Directive, it did not pay much attention to the implementation of the Directive itself. 
The evaluation from the EC highlights the need to take further action to create a common framework of 
procedures and requirements for certifications at the EU level. As a matter of fact, if the Directive has 
facilitated the mobility of train drivers, the different interpretations of the Directive across Member States has 
led to the development of divergent standards at the national level. With the EU-wide licence only defining a 
minimum level of skills and qualifications required, additional complementary training for specific routes and 
vehicles will be needed to support the mobility of rail drivers across the Member States (European 
Commission, 2020b).  

The regulatory framework discussed above is complemented with the Commission Implementing Regulation 
(EU) 2019/773 on technical specifications for interoperability relating to the operation and traffic management 
subsystem of the rail system within the EU. This Regulation indicates professional as well as health and safety 
conditions at work required for the operation and maintenance of the rail subsystem. Professional knowledge 
and minimum elements relevant to carry out tasks associated with accompanying a train on the network, as 
the case of train drivers, are defined in the Annex F of the Regulation and include the following items: 

• Professional knowledge, as any authorisation to carry out tasks requires a successfully passed initial 
examination and provisions for ongoing assessment and training  

o General professional knowledge (i.e., key players, health and safety conditions, railway 
security conditions) 

o Knowledge of operational procedures and safety systems relevant to the task (i.e., operational 
procedures and safety rules, command and signalling system, messaging procedure) 

o Knowledge of rolling stock (vehicle interior equipment, safety-critical tasks) 
o Knowledge of the route (operational arrangements, stations, local operating, and emergency 

arrangements)  
o Knowledge of passenger safety (passenger support procedures, principles of communication 

and behavioural skills) 
• Ability to put the knowledge into practice into normal but also degraded and emergency situations 

 
Professional qualification and knowledge refer to all elements needed to ensure that railway operational staff 
are trained and understand the tasks of the profession. The detailed list of requirements can be found in the 
Annex F of the Regulation (EU) 2019/773. It should be noted that this regulatory framework has been amended 
in December 2021 to tackle the phasing out of specific cases for rear end signal, through the Commission 
Implementing Regulation (EU) 2021/2238.  

An indication of the importance of train driver´s training is its inclusion in the Action Plan to Boost Long-
Distance and Cross-Border Passenger Rail (European Commission, 2021). As stated in this document, the EC 
intends to revise the regulatory framework for train drivers, addressing the issues previously mentioned such 
as the reduction of additional certifications for certain infrastructure and rolling stock. Additionally, the EC is 
considering including new technological developments in the sector as well as a new language regime in the 
regulatory framework. 
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It is expected that the expansion of other components of the European rail system, such as the European Rail 
Traffic Management System (ERTMS), could help facilitate the harmonisation and simplification of train driver 
training. However, the need for staff to be fluent in the language of the country in which the training is taking 
place creates an additional obstacle to implement standardised certification. 

3.2.2. Certification for signallers 

Railway signallers supervise the running of trains and signal equipment, making decisions to ensure the safety 
of passengers and staff and train services (Rail Academy, 2019). Unlike train drivers, signallers are typically 
bound to a geographical area within a specific country as they usually carry out their work at stations or officers 
rather than on the train itself. This explains why the harmonisation of signaller certification at EU level has 
been less prominent and developed compared to other railway professions. However, some steps have been 
taken at European level for staff carrying out safety-critical tasks in cross-border traffic. These have been 
defined in the Operation and Traffic Management Technical Specification for Interoperability (OPE TSI) 
(European Railways Agency, 2018a) and can be found in the Commission Implementing Regulation (EU) 
2019/773. 

According to the framework of the interoperability in cross-border traffic, Member States must recognise 
professional qualifications as well as health and safety conditions of those involved in dispatching and 
authorising trains. Regulation (EU) 2019/773 defines professional competences and language competences 
but also the ways these are assessed. Health and safety conditions are regulated, including the minimum 
content of medical and psychological assessment before and after the appointment of the staff. They also 
comprise minimum medical requirements to be considered suitable. 

3.2.3. Certification schemes for other rail professionals 

Regulation (EU) 2019/773 does not only include provisions for railway staff directly involved in undertaking 
tasks of preparing trains (i.e., train signallers), but also includes staff undertaking task on-board and forming 
part of the train crew more broadly.  

For on-board staff, the minimum elements relevant to professional qualifications are the same than for 
drivers’, as part of the tasks associated with “accompanying trains”. However, a different list of requirements 
for staff preparing trains has been included in Annex G of the Regulation (EU) 2019/773 as part of the minimum 
professional qualification required. The list has a similar structure to the list for train drivers, but the content 
is adapted to those roles linked to the preparation of trains and includes: 

• Professional knowledge 
o General professional knowledge 
o Knowledge of operational procedures and safety systems relevant to the task 
o Knowledge of train equipment 

• Ability to put the knowledge into practice 

The detailed list of requirements can be found in the Annex G of the Commission Implementing Regulation 
(EU) 2019/773. Other professional categories in the rail sector, for example, workforce associated with 
infrastructure or rolling stock maintenance, are not subject to specific regulations or harmonisation of 
certifications at European level.  

3.3. Air transport certification schemes 

The use of civil unmanned aircraft systems (UAS), also called drones, are rising in popularity. Technological 
advancements have enabled the development of a new industry centred around modern drones used for both 
professional applications and recreational purposes, and their technological capabilities are expected to 
continue to further evolve (Huttunen, 2019). With millions of drones being sold in Europe every year and with 
their number estimated to keep increasing, the development of legislation on UAS aviation safety is needed 
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to ensure the safe deployment of civil UAS. Some potential risks are to be taken into consideration, for 
instance, a drone pilot may damage manned aircraft by flying the UAS at an altitude or location not allowed 
by aviation law. While the likelihood of collision appears low, its effects could be serious according to a study 
commissioned in the UK (QinetiQ, 2016). Tests of the study shows that if recreational drones often weighing 
about 1.5 kg may not endanger jet engines, professional drones that often weigh 7 kg could severely damage 
an aircraft wing (Huttunen, 2019). The following chapter aims to detail existing air laws and common rules in 
the field of civil and professional aviation, to provide an overview of current EU legislation for manned and 
automated aviation. 

3.3.1. Manned and Unmanned Aircraft System (UAS) certification 

The air and drone legal framework represent a multilevel and complex field of EU law, in which common rules 
for the field of civil aviation are set by Regulation (EU) 2018/1139. This Regulation sets up a centralised system, 
in which the main ruling powers are devolved to the European Union Aviation Safety Agency (EASA) and to 
the EC. In fact, the Regulation authorises the European Commission to adopt rules and specifications through 
both implementing and delegated acts. The EC shall provide “specific rules and procedures for the operation 
of unmanned aircraft as well as for the personnel, including remote pilots, and organisations involved in those 
operations'' as per Article 57, with the goal to ensure the uniform implementation of the airspace and 
compliance with essential requirements of the Regulation. Article 57 of Regulation (EU) 2018/1139 further 
specifies the power of the European Commission to lay down detailed provisions on the “rules and procedures 
for issuing, maintaining, amending, limiting, suspending and revoking the certificates”, giving it the power to 
adopt or revoke rules on aircraft certifications (Bassi, 2019).  

Annex IX of Regulation (EU) 2018/1139 details the essential requirements for unmanned aircraft. Operators 
and remote pilots of such aircraft shall be registered in accordance with the implementing acts referred to in 
Article 57, where they operate any of the following:  

• Unmanned aircrafts which, in the case of impact, can transfer kinetic energy above 80 Joules to a 
human. This corresponds to the energy gained by aircrafts, due to their velocity and mass, which may 
be fatal to individuals in case of crash. 

• Unmanned aircrafts the operation of which presents risks to privacy, protection of personal data, 
security, or the environment.  

• Unmanned aircraft the design of which is subject to certification pursuant to Article 56(1).  
 

The need of certification procedures, recognisability, and identifiability measures for drones goes hand-in-
hand with the need for operators and pilots’ certifications. The parallel between the regulation of traditional 
ground vehicles and UAS is instructive: for liability purposes, it is recommended for drones to be equipped 
with a mandatory licence plate or a similar digital identification tool such as transponders or tags. As drones 
may be too small to carry the weight of licence plates or to have licence plates painted or attached to them, 
digital solutions such as transponders or tags may solve this issue. Mandatory licence plates are a useful tool 
not only for solving liability issues in cases of crashes, incidents, or accidents, but also to fit mandatory liability 
insurance policies and return a drone to its owner in cases of loss (Bassi, 2019).  

The Cover Regulation to Implementing Regulation (EU) 2019/947 on the rules and procedures for the 
operation of unmanned aircrafts, divides Unmanned Aircraft Systems (UAS) between ‘specific’ and ‘certified’. 
A UAS operation belongs to the ‘certified’ category when, based on the risk assessment, the competent 
authority considers that the risk cannot be mitigated adequately without certification of UAS airworthiness, 
certification of the UAS operator, and the remote pilot licensing. For operations falling under the ‘specific’ 
category, the certification requirements depend on the operation itself. If the operation falls into a standard 
scenario requiring a remote pilot certificate, then remote pilot must complete and successfully pass an online 
training course on theoretical knowledge for operation under standard scenarios and complete the EU Drone 
Pilot Course STS-01 practical skill training. Both certificate and accreditation can be issued by a national 
competent authority and training conducted in one EASA Member State, will be then recognised in all others.  
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The Regulation (EU) 2018/1139 adopted a collaborative model of enforcement between the Commission, 
EASA, Member States, and national competent authorities, by sharing information and resources. Basic rules 
on certification and enforcement are specified in Article 62 of the Regulation, which defines “Certification, 
oversight and enforcement”. EASA is empowered to monitor activities with regard to the application of this 
Regulation, coordinating Member States’ activity when performing their certifications, over sign - in particular 
cooperative and cross-border oversight - and enforcement tasks. Point 13 and 14 of Article 62 allow the 
Commission to adopt implementing and delegated acts, with regard to the tasks of EASA and of the national 
competent authorities related to certification, oversight and enforcement. According to Articles 64 and 65, 
Member States can reallocate responsibilities for such tasks, either to EASA or to another Member States, 
“especially where that is necessary for enhanced safety or more efficient use of resources” and “where there 
is sufficient assurance that those tasks can be performed effectively”. This provision intended to foster 
“competitive federalism” among the Member States, to add further flexibility to the sector (Bassi, 2019). 

3.3.2. Pilot and aircrew certification 

The Commission Regulation (EU) No 1178/2011 lays down the technical requirements and administrative 
procedures related to civil aviation aircrew. More specifically, Annex IV of the Regulation (EU) No 1178/2011 
sets out the essential requirements for aircrew, including pilot training. The general rule is that “a person 
undertaking training to fly an aircraft must be sufficiently mature educationally, physically and mentally to 
acquire, retain and demonstrate the relevant theoretical knowledge and practical skills”. According to this 
Regulation a pilot “must acquire and maintain a level of knowledge appropriate to the functions exercised and 
the pilot´s knowledge must include:  

• Air law; 
• Aircraft general knowledge;  
• Technical matters related to the category of the aircraft;  
• Flight performance and planning;  
• Human performance and limitations;  
• Meteorology;  
• Navigation;  
• Operational procedures, including resource management;  
• Principles of flight;  
• Communications;  
• Non-technical skills, including the recognition and management of threats and errors.  

In addition, a pilot must acquire and maintain practical, technical, and non-technical skills deemed as 
appropriate to exercise his or her functions on the aircraft, and therefore follows the medical requirements 
set up in Annex IV of Regulation (EU) No 1178/2011. Medical certificates assess that pilots and aircrew are 
free from cardiovascular, respiratory, digestive, metabolic, haematology, psychological, vascular, vision and 
other impairments that may hinder the ability of the individual to safely exercise activities.    

3.4. Maritime transport certification schemes 

The deployment of automation is changing traditional maritime transport and ports as we previously knew it. 
The introduction of unmanned ships, self-unloading bulk carriers, and increasing use of automation in port 
operations are indicative of a technological paradigm shift in which human skills are becoming increasingly 
cognitive, potentially creating legal conundrums in traditional certification schemes. 

EU maritime Directives and regulations have, over the past few years, greatly improved safety standards in 
sea transport. Training and certificates have been implemented in the maritime sector with the goal to ensure 
safety of workers, and we will provide a short non-exhaustive view of the main EU Directives in the following 
sub-sections. 
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3.4.1. Seafarers’ certification 

Directive EU 2012/35 of 21 November 2012 outlines the rules on training and competency standards for 
seafarer certification and regulated specialist training. The Directive also deals with Member States’ 
requirements for seafarer training, communication between crew members, and the verification of crew 
members’ certificates (port State control). It also includes measures to combat fraudulent certification, higher 
standards for physical aptitude and updated safety training. 

The Directive EU 2012/35 sets mandatory minimum requirements for certification of:  

• Designated duty engineers in a periodically unmanned engine-room on a seagoing ship powered by 
main propulsion machinery of 750 kW propulsion power. They shall be no less than 18 years of age 
and have completed a combined workshop skill training and approved seagoing service of not less 
than 12 months which meets requirements documented in the STCW Code.  

• A watch designated to perform duties in a periodically unmanned engine-room on a seagoing ship 
powered by main propulsion machinery of 750 kW propulsion power or more. Candidate for 
certification shall be no less than 16 years of age and have completed approved seagoing service 
including not less than 6 months training and experience; or complete special training, either pre-sea 
or on-board ship, including an approved period of seagoing service which shall not be less than two 
months; and meet standards specified in the STCW Code.  

• Able seafarer engine in a periodically unmanned engine-room on a seagoing ship powered by main 
propulsion machinery of 750 kW propulsion power or more. Every candidate for certification shall be 
not less than 18 years of age and meet the requirements for certification forming part of a watch and 
have approved seagoing service in the engine department of either not less than 12 months; or not 
less than 6 months and have completed approved training. 

3.4.2. Professional qualifications in inland navigation certification 

Directive (EU) 2017/2397 of 12 December 2017 on the recognition of professional qualifications in inland 
navigation, and repealing Council Directives 91/672/EC and 96/50/EC, provides a gradual phasing-in with 
transitional measures to extend professional qualification requirements beyond the level of boat masters to 
cover all crew in inland navigation in the EU. The updated Directive lays down the obligation for deck crew 
members and persons in charge of emergency procedures to hold certificates of qualification. In addition, 
boatmasters sailing in hazardous circumstances should be specifically authorised to do so and should be 
required to demonstrate additional competences.  

On 14 July 2021, the European Union adopted the Directive (EU) 2021/1233 which introduced amendments 
to Directive (EU) 2017/2397 as regards to transitional measures for the recognition of third countries 
certificates. This legislative initiative aims to fill the gap on certificates of qualification, service record book and 
logbooks issued by third countries, to ensure a gradual transition to the system of recognition of third country 
documents provided for in Article 10 of the Directive (European Source Online). It is also important to note 
that the Directive (EU) 2017/2397 does not mention automation or unmanned practices.  

3.4.3. Certification schemes for other maritime professionals 

3.4.3.1. International Convention for the Safety of Life and Seas (SOLAS) 

The International Convention for the Safety of Life at Sea (SOLAS) is an international treaty tackling the safety 
of merchant ships. The SOLAS Convention in its successive forms is generally regarded as the most important 
of all international treaties concerning the safety of merchant ships, which was first adopted in 1914, and 
which last amendments were made in 1974 (IMO). 

The SOLAS Convention ensures that ships registered by signatory States comply with minimum safety 
standards in the construction, equipment, and operation of ships. A certificate called Passenger Ship Safety 
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Certificate shall be issued after inspection and survey of a passenger ship which complies with the 
requirements of SOLAS. 

3.4.3.2. Seafarers Training, Certification and Watchkeeper (STCW) Code 

The Seafarers Training, Certification, & Watchkeeping (STCW) Code was established in 1978 to set minimum 
international training standards for professional mariners. STCW Convention was the first to establish basic 
requirements on training, certification and watchkeeping for seafarers on an international level. Minimum 
requirements to obtain an STCW endorsement concern age, sea-service, training and onboard assessment.  

The STCW Code defines, in:  

• Part A: mandatory provisions to which specific reference is made in the Annex to the STCW 
Convention and which gives, in detail, the minimum standards required to be maintained by Parties 
in order to give full and complete effect to the provisions of the STCW Convention.  

• Part B: recommended guidance to assist Parties to the STCW Convention and those involved in 
implementing, applying or enforcing its measures to give the STCW Convention full and complete 
effect in a uniform manner. 

3.4.3.3. Maritime Labour Convention (MLC) 

The Maritime Labour Convention (MLC) provides a comprehensive worldwide protection of the rights of 
seafarers. The MLC aims to ensure decent working and living conditions for seafarers, by protecting them from 
unfair competition from substandard ships. This Convention also contains specific Regulations (1.3) regarding 
Training and qualifications to “ensure that seafarers are trained or qualified to carry out their duties on board 
ship”. 

The Maritime Labour Convention (MLC) sets out minimum requirements for seafarers work on ships, and can 
be divided and summarized in the four points below: 

• Minimum age requirements: The minimum age is 16 years (18 for night work and work in 
hazardous areas). 

• Medical fitness: To ensure that all seafarers are medically fit to perform their duties at sea, 
seafarers should be certified as medically fit for the duties they are performing.  

• Training and qualifications: Seafarers should be trained for their duties as well as have had a 
personal safety training. Training and certification in accordance with mandatory instruments 
adopted by the International Maritime Organization (IMO).  

• Recruitment and placement: To ensure seafarers the access to an efficient and well-regulated 

seafarer recruitment and placement system, the MLC sets up services and standards to set up a 

framework for states and for ships flying the flag of member states should have proper 

placement procedures, registration, complaint procedures and compensation in case 

recruitment fails.  
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4. Certification requirements based on AV large scale deployment 

If automated features and vehicles are becoming increasingly widespread across open roads, the AV road 
industry is currently facing a complex and uncertain regulatory and certification framework which is hindering 
the safe AV deployment and public acceptance of the technology. Across the transport sector, the presence 
of a high security level relies on the safe and effective interaction between vehicles, drivers and infrastructure. 
For instance, faulty driver behaviour is recognized as being the major cause of road traffic crashes, with 
estimates suggesting that despite existing certification schemes, faulty behaviour contributes in around 94% 
of accidents and the sole contributor in about 57% of all accidents (Sabey & Taylor, 1980). Human error plays 
a crucial role in incidents across transport modes, with negligence, pedestrian and driver distracted behaviour 
and vision impairments cited as causes of train and railroad accidents (Gilreath & Associates, n.d.). The large-
scale deployment of automated vehicles thus has the potential to considerably reduce the human error factor 
and accident. However, this will only be possible if future certifications and training requirements will adapt 
to automation technology and deployment, by accurately reflecting the future interplay between human 
perception, driving tasks and automated vehicle functions. 

4.1. Road transport AV certification requirements  

The automation of road transport has considerably developed over the years, ranging from single lane driving 
to autonomous valet parking and traffic jam autopilot. Players from virtually every segment of the automotive 
value chain having unveiled, or are currently conducting pilot programs of, partially or fully autonomous 
vehicles as well as enabling AV technology in locations around the world (Mosquet et al., 2015). If level 1 and 
2 vehicle automation are already available to commercialization in most road vehicles on the market, the 
deployment of fully automated vehicles (level 4 and above) on open roads remains at the initial stages. This 
makes it difficult for operators, researchers, and policymakers to accurately predict all future needs of the 
road transport sector as well as certifications characteristics. 

This sub-chapter aims to identify the shifts of interactions between driver, infrastructure, and vehicle, to 
provide a first understanding of how road transport certification schemes should be adapted to the large-scale 
deployment of automated vehicles on open roads, in the most durable and safe way. 

4.1.1. Impact of automation on road transport certifications 

In current EU road transport legislation, certification requirements depend on both the type of vehicle (e.g., 
weight, number of passengers, transmission type, having connected sections or not) and on the basic physical 
and mental conditions necessary for the driver to safely drive on open roads, as seen in the Section 3.1 of this 
document. The intensification of AV large-scale deployment on open roads and the increasing complexity of 
automatization technology, will raise questions regarding new minimal requirements for driving and on the 
ways to translate these changes into existing certification schemes for drivers on the road.  

To answer such questions and eventual concerns, it is necessary to better understand the role and 
characteristics of the interactions between human driver and autonomous operating system across the 
different levels of automation: from AV lower levels, such as driver support features (from level 0 to 2), to 
automated driving features (from level 3 to 4) and complete automation (level 5). 

If automated driver support features, such as advanced driver assistance systems (ADAS) functionality of the 
vehicle, makes driving tasks easier and more comfortable, the driver continues to remain responsible for the 
vehicle and therefore must always maintain his attention on the route and traffic, to be able to intervene and 
take over when necessary. Even as the automation share of the vehicle becomes higher (in level 3 and 4), the 
presence of human driver and on-board intervention features such as steering wheel or pedals, will continue 
to remain crucial to enable human take-over of the vehicle to tackle difficult driving conditions.  

Automated driving systems, at their maturity, could increase mobility for seniors and people with disabilities 
and have the potential to expand transportation options for underrepresented communities (NHTSA, n.d.). 



 

D4.3: AV Training certification requirements, acceptance creation 
measures and impact to employment  

September 2022 28 
 

Advancements in technologies related to transportation are very important to individuals with disabilities and 
represent a significant unmet need. For instance, when looking at the transport challenges faced by 
respondents with mobility challenges, certain types of journeys were mentioned to be avoided as considered 
most challenging, namely long distances, travel during peak times, complex journeys with multiple forms of 
transport and journeys to unfamiliar places (Motability, 2020). In the case of complete automation of the 
vehicle (level 5) the operating system will be able to handle all driving tasks under all conditions, which will 
open the ground to a wider scope of individuals and will require to adapt the minimum requirements as 
currently defined in the European Driving Licence Directive (European Commission Directive (EU) 2000/56/EC). 
In addition, as vehicle automation and technology continue to progress and as the responsibility of the driving 
tasks shifts from the human driver to the vehicle itself, it is relevant to already start considering ways to 
complete current driving licences, requirements and certificates and requirements to the vehicles operating 
system itself.  

In addition, if the presence of a human driver within the vehicle able to take over the control of the vehicle 
will help ensure safety, until full vehicle automation is achieved, it is important to note that large-scale 
deployment of vehicle automation may require to develop a new type of knowledge, particularly regarding 
the ways to communicate and interact with the vehicle´s operating system. This new type of knowledge 
includes sector-specific understanding on the ability to switch the system on and off, be able to evaluate and 
monitor the operating status, in order to know how to react in case of emergency (Pyykko et al., 2020).  

The driver’s fitness level and particularly the effect of sleep should be measured and taken in consideration 
within EU Regulation to make sure the driver is able to always take over the control of the vehicle in a safe 
way, when required by the vehicles operating system. The changes in the nature and type of activities carried 
out by transport professionals led by large-scale automation deployment will therefore have to be translated 
within European driving legislation framework. 

With highly automated vehicles, rules on driving and rest times may be subject to changes and a more flexible 
risk-management approach, allowing to extend the maximum daily driving period without causing worse 
working conditions or increased crash risk (Ahlström et al., 2021). The deployment of an operational design 
domain of the automated system that allows drivers to disengage for a sufficiently long period of time, would 
open the door to a more flexible risk management approach that would support stakeholders´ and drivers´ 
acceptance of AV as well as avoiding too demanding work hours (Ahlström et al., 2021). If historically, 
prescriptive rule sets specifying maximum shift durations, minimum break durations and aggregated total 
work hours were developed in order to limit health risks due to physical fatigue, risk management-based 
approaches have considerable potential to be more effective and more flexible than prescriptive rule sets for 
mitigating the risks associated with mental fatigue (Honn et al., 2019). Such Fatigue Risk Management Systems 
(FRMS) are part of a broader Safety Management System and are typically comprised of a policy and 
governance framework, a training and education program, as well as a monitoring and review process to 
ensure continuous improvement in compliance and efficacy (Honn et al., 2019). 

4.1.2. Graduate driver licencing systems 

Many vehicles on the road today already contain some degree of automated functionalities to make driving 
easier and designed to improve road safety by taking actions to avoid a crash. However, up to level 4 of vehicle 
automation, these functionalities do not work under all circumstances (e.g., weather, geographical typology). 
The driver should therefore be aware of the limitations of the vehicle functionalities to avoid creating 
additional sources of accident. In fact, overestimating the vehicle capabilities may reduce the drivers´ vigilance 
and cause to longer response time for vehicle take-over, therefore increasing the risk of road accident.  

With each level of automation having its own limitations and operating domain, the concept of graduate driver 
licensing systems (GDLS) could be introduced. Graduated driver licensing systems (GDLS) are designed to 
provide new drivers of motor vehicles with driving experience and skills gradually over time in low-risk 
environments, with the goal to expose novice drivers to progressively more challenging driving situations 
(Sivak, 2015) . Human drivers can, therefore, first experience driving under relatively easy conditions, which 

https://en.wikipedia.org/wiki/Driving
https://en.wikipedia.org/wiki/Motor_vehicles
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improves the readiness for challenging. This concept of graduate driver licensing systems is currently in vigour 
at national level such as the United Kingdom, where for two-wheelers riders who first need to gain experience 
with a less powerful bike before being able to ride more powerful ones (Gov.UK, 2017), could be adapted for 
automated vehicles. Specific certification requirements may be introduced for vehicles on the road already 
containing level 1 or 2 automation. As each vehicle type and brand has its own specific interface and 
functionalities, manufacturers could provide training simulators and material to help pre-emptively clarify the 
use of the vehicle´s interface, familiarise the user of various functionalities, and inform of any AV system´s 
limitations. 

4.1.3. Scenario-based approach to certifications 

To ensure and showcase to the public that automated driving functions are safe, a scenario-based approach 
could be applied to test the reaction of the vehicle across different situations. Since not every possible scenario 
with different infrastructures, weather conditions, and other possible parameters can be tested, a selection 
of scenarios is needed, which remains an open problem and topic of different research projects. Simulation is 
regarded as an important tool in the design and testing of Avs, with several photorealistic 3D simulators now 
available, which allow to test AV components, by covering corner-case scenarios that are hard to test in the 
real world, and diagnose issues that crop up in real-world testing, such as disengagements (Fremont et al., 
2020). Overall, a combination of different environments for the tests seems necessary to focus on (Shadrin & 
Ivanov, 2021): 

1) Simulation testing/ Audit 

2) Test track testing 

3) Real world testing 

All of those environments have different advantages and disadvantages. In a simulation, tests are repeatable, 
scalable, variable and efficient and all types of scenarios can be tested. On a test track the physical vehicle can 
be tested in a safe and controlled environment. However, to integrate real world behaviour in the tests, on 
the road testing is necessary. It can be regarded or designed as a driving license for the automated driving 
function. Additionally, semi-virtual systems, as vehicle-in-the-loop are possible (Izquierdo et al., 2022). For 
selected areas or driving assistant functions there already exist concrete concepts. Another idea to increase 
the safety, is the use of an audit, who validates the safety concept for a vehicle and controls the identified 
risks. Especially for situations with an unavoidable collision defining a desired behaviour is required (Zhao et 
al., 2022). 

After the deployment, in-service monitoring needs to ensure the safety. Collecting data during road use can 
help to monitor emerging or not yet known safety issues. For example, rare scenarios can be derived, and 
accidents be analysed to improve the driving function (Izquierdo et al., 2022). To handle new innovations, as 
in the field of cyber-security, the need for software updates should be closely monitored.  

4.1.4. Certification standards for AV components and maintenance 

The standardisation of the ADAS interfaces can help drivers safely use level 1 and 2 vehicles across different 
brands through the implementation of a single certification scheme or training. Over the last years, numerous 
instances of certification standards have been introduced to address the development process of AV 
components and provide a software reference architecture (e.g., AUTOSAR and MISRA C) to tackle code 
quality, as well as the ISO 26262 and SoTIF standards, to handle hardware or systematic failures and ensure 
the functional safety of AV vehicles. Depending on the future progress of innovations, AV certification 
standards will need to be further developed. As many AV components are currently being characterised by 
their neural networks and data-driven nature, pre-existing standards cannot, or at least completely, be applied 
and therefore will need further elaboration and adaption (Falcini & Lami, 2017). 

For level 3 and level 4, a specific certification on the use of automation functionalities could be introduced. At 
these levels, the driver will be expected to be supervising the autonomous vehicle, only taking-over the driving 
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for specific conditions. Several studies performed over the last years have demonstrated that the supervision 
of an AV requires new skills and training to efficiently respond to takeover events (Bradley et al., 2020). For 
instance, the driver needs to recognize a take-over request, know the ways to efficiently regain control of the 
vehicle and finally how to re-engage autonomous functions accurately and rapidly. If the certification scheme 
for level 3 and level 4 will not be legally binding by authorities, the vehicle manufacturer could introduce 
trainings destined to drivers on a voluntary basis, to develop specific certifications that support the safe 
management of the automated vehicle across roads. 

4.2. Rail transport AV certification requirements 

Automation in the rail sector is strongly linked with the development of tools destined to fully or partially 
automate train operations. As shown in Table 2, the Grade of Automation (GoA) of the rail system corresponds 
with the tasks undertaken by the train driving. According to this classification, most European tracks already 
have some level of automated assistance to offer protection from potential human mistakes, such as the 
failure to stop the train at a red light. This system of protection considered GoA 1, automatically brakes the 
train by interlocking a brake device with the signal. GoA 1 systems have historically been developed within 
national boundaries, with various signalling and train protection systems emerging in parallel: the 
Linienzugbeeinflussung (LZB) in Germany, Automatic Braking and Announcement of Signals (ASFA) in Spain 
and the Contrôle de Vitesse par Balises (Speed control by beacons or KVN) in France.  

All of these systems, called Automatic Train Protection (ATP), have typically not been considered as 
“automation” per se, which partially explains why the Directive 2007/59/EC on certification schemes for rail 
drivers at the European level, the main document examined in Chapter 2.2, fails to mention automation. It is 
also important to note that the Directive was produced in 2007, while the GoA classification is more recent as 
it was included in the IEC 62267 of July 2009 on railway applications, automated urban guided transport and 
safety requirements, popularised by the International Association of Public Transport (UITP). Automation has 
however been included in the revision of the document carried out by the EC (European Commission, 2020a), 
in which the concept of automation has been included and refers/relates to the development of GoA 2, also 
called Automatic Train Operation (ATO).  

In the European mainline railway, progress towards higher GoAs can be linked to the development of the 
European Rail Traffic Management System (ERTMS), and more specifically with one of its components: the 
European Traffic Control System (ETCS). ETCS is considered a key element for the implementation of rail 
systems with higher GoA. It is important to highlight that rail systems with GoA 3 and GoA 4 are already 
operational and relatively extended in metro facilities, where operational conditions are always similar (e.g., 
similar rolling stock running as well as similar operational conditions) and where the interaction with the 
external environment is minimum in comparison with mainline tracks. 

Regarding the harmonisation of training for ETCS, the European Railways Agency has produced a so-called 
“Generic ETCS Drivers Handbook” (European Railways Agency, 2018, b) produced in English, French and 
German. The goal of the handbook is to serve, among others, as a way to harmonise tutorials for drivers’ 
training proposals and to elaborate questions for drivers’ competence certification. 

It is clear that automation and digitalisation will impact other areas of the rail sector outside than the ETCS 
systems. Several initiatives and projects have been exploring the way shifts in technology will affect rail 
professionals and explore future needs of adapted certifications. The Horizon-2020 Project “Skills and 
competences development of future transportation professionals at all levels” (SKILLFUL) reviewed the 
existing and emerging skills requirements for workers in the transport sector, structuring key specifications 
and components of the curricula and training courses needed to adapt to new roles. For rail, SKILLFUL 
highlighted the necessity of pursuing training in new technologies (e.g., Augmented Reality and advanced IT 
skills) in a context of increasing automation to meet future sector requirements. The project also detected the 
tendency of the industry to develop training methods on their own to meet requirements, but also the 
tendency to restrict information exchange with other partners (Ahern et al., 2017) During SKILLFUL, several 
courses were developed to facilitate the upskilling of rail workers with different profiles, such as railway asset 
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management and rail operations. These courses provided training on control and safety technology through 
simulations as well as Modelling and Simulation for Railways Engineers, providing an intermodal and 
interdisciplinarity approach (Meunier et al., 2018). If these courses cover some elements of automation, no 
specific course been developed with an exclusive and extensive focus on the topic. 

Currently, the European Commission highlights the relevance of the ongoing Erasmus+ project STAFFER as a 
central element of the efforts to up-skill and re-skill rail sector staff, which is expected to be used as the basis 
of a large-scale skills partnership falling under “Pact for Skills” (European Commission, 2021). “Pact for Skills” 
is a programme launched in 2020 by the EC to promote private-public collaboration to skill and reskill people 
across Europe, helping monitors skills supply and demand as well as anticipating future skill needed (European 
Commission, 2020). STAFFER has identified three specific challenges, similar to those identified in Packs for 
Skills, which are (1) cross-border rail traffic, (2) language and communication issues in cross-border traffic, and 
(3) skill requirements regarding digitalisation, big data and cybersecurity (Voss & Rohrmann, 2021). 
Automation, however, does not play a central role in the documentation published so far, appearing merely 
as a technological trend in the documentation publicly available (Schneider & Queck, 2021). 

A new H2020 European project on transport workforce, WE-TRANSFORM, has started in December 2020. This 
project looks at the impacts of automation across the transport sector, addressing, among others, the 
repercussions of automation on labour forces, focusing on future working conditions and future required skills 
(TRIMIS, 2021). No further information on the project results or development has been found by the time of 
preparing this report. 

Outside the projects previously mentioned, several scientific publications have aimed to address the skills 
required for the large-scale expansion of automation across the rail sector. For example, during the initial 
phase of the expansion of the ETCS in Europe, Wilson & Norris (2005) already warned on the potential 
difficulties of integrating workforce skills and emerging technical systems with different levels of automation. 
Most scientific publications have been conducted by experts on human factors, usually focusing on human-
machine interaction and on the ways different GoA impacts both the behaviour and the performance of drivers 
or signallers. The impacts analysed include the risk of accidents, fatigue and learning processes (Vanderhagen, 
2021). 

4.3. Maritime transport AV certification requirements 

Current maritime international legislation, in the form of the International Convention for the Safety of Life 
and Seas (SOLAS), International Convention on Standards of Training, Certification and Watchkeeping for 
Seafarers (STCW) Code and Maritime Labour Convention (MLC), presupposes the presence of a human crew 
on board. This implies that the development and deployment of unmanned ships in seas will require 
alternations of current legislation, especially regarding the concept and definition of the “master” and the 
“duties assigned to him or her” mentioned in the Maritime Labour Convention (MLC). The development of a 
regulation on unmanned remotely controlled ships and fully autonomous ships will therefore require a 
completely new view on who should be responsible for the operation of such ships. 

The International Maritime Organization (IMO) aims to integrate new and advancing technologies in its 
regulatory framework to safeguard the sector from safety and security concerns, minimize the impact on 
environment and international trade facilitation, the potential costs to the industry, and their impact on 
personnel, both on board and ashore (IMO).  

The Maritime Safety Committee (MSC) 105th session in April 2022 has already started to develop a new goal-
based instrument regulating Maritime Autonomous Surface Ships (MASS) operations, providing a regulatory 
framework able to keep pace with rapidly evolving technological developments (IMO, 2022). The MSC has 
already approved a road map containing a work plan for the development of the IMO instruments for Maritime 
Autonomous Surface Ships (MASS) which envisages the development of a goal-based instrument in the form 
of a non-mandatory Code, with an adoption in the second half of 2024 as the first stage. Based on the 
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experience gained in the application of the non-mandatory MASS Code, a mandatory MASS Code will be 
developed and is scheduled to enter into force on 1 January 2028 (IMO, 2022). 

4.4. Air transport AV certification requirements 

Automation in air transport has already been covered by existing regulations for unmanned aircrafts and 
drones at the EU level, as seen in Chapter 2.4. As a matter of fact, planes transporting goods and passengers 
are already autonomous to a certain degree with the adoption of automation starting in the early 1910s and 
have become increasingly sophisticated over time.  

European Regulation on Compliance has already established a set of certifications required for unmanned 
aircraft. Article 56 of Regulation (EU) 2018/1139 states that “a certificate may be required for the design, 
production, maintenance and operation of unmanned aircraft and (...) their engines, propellers, parts, non-
installed equipment and equipment to control them remotely, as well as for the personnel, including remote 
pilots, and organisations involved in those activities”, and that “the certificate shall specify the safety-related 
limitations, operating conditions and privileges”. Furthermore, Article 57 specifies states that “the Commission 
shall adopt implementing acts laying down detailed provisions concerning the specific rules and procedures 
for the operation of unmanned aircraft as well as for the personnel (...), including remote pilots, and 
organisations involved in those operations”. These rules are detailed in the Cover Regulation to Implementing 
Regulation (EU) 2019/947 and its Annex on the UAS Operations in the ‘open’ and ‘specific’ categories.  

Today much of the flying procedures can be delegated to a plane’s autopilot. Airbus even announced back in 
2020 its successful design and testing of a completely autonomous take-off system, forming part of its 
Autonomous Taxi, Take-Off, and Landing project (Pallini, 2020). The technology employed differs from existing 
Instrument Landing Systems that are common on modern airliners and used image recognition technology to 
keep the craft on the runways centre line, adjust trim and speed, and finally lift the Airbus test aircraft into 
the air. Human presence will most likely continue to remain valuable, making it most likely unnecessary to 
change certification requirements and regulations in the short term. 

If current technology enables much of flying tasks to be delegated to the autopilot, human presence within 
the plane continues to remain crucial, one of the main reasons being public acceptance. Most people were 
and continue to be reluctant to give full control of an aeroplane entirely over to a machine until very recently 
and would rather wait until the technology is more mature. As shown by a 2019 ANSYS Global Autonomous 
Vehicles Report polling more than 22,000 people in Benelux, China, France, Germany, India, Italy, Japan, Spain, 
Sweden, the UK, and the U.S, with the combination of increased level of automation in daily life and the 
emergence of younger generations increasingly open to autonomous travel and interested in better 
understanding AVs, we can expect public to become more favourable to autonomous travel going forward.  
ANSYS reports that “70% of consumers were comfortable with flying in an autonomous plane in their lifetime, 
the majority of which were not aware of the level of autonomy already involved in commercial flight”. 
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5. Acceptance creation measures  

This chapter reports on the analysis performed to investigate measures and incentives that might make the 
shift to automated operations in the transport sector easier for users, especially - but not limited to - 
professional users. 
 
Acceptance can be defined as the individual's willingness to use a technology for the tasks it is designed to 
support (Dillon and Morris, 1996). In the transport sector, the digital transformation processes are already in 
full swing, consisting of the adoption of new digital technologies and processes in all spheres of transport from 
infrastructure and vehicles to customer relations and the development of new digital-based services (ETF, 
UITP, 2020It is widely recognized that current developments, which have been accelerated by the COVID 19 
pandemic, will have both facilitating and disruptive effects on future mobility. All end-users can be expected 
to be impacted by the transformation brought by automation, both professional (e.g., bus drivers, truck 
drivers, taxi drivers, train operators and signallers, boat operators, drones’ operators, traffic management 
centre operators) and non-professional (private car drivers, AVs passengers, any road users where AVs are 
implemented including VRUs) users.  

 
When it comes to professional users, digitalization and automation has an impact on jobs, working conditions, 
professions and skills. New technologies can create labour, replace labour, intensify lab or, change labour, 
facilitate labour and re-organise labour (ETF, UITP, 2021). Measures and policies aimed to ensure the 
acceptability of these new technologies among the professional users are therefore key. In the public transport 
sector, for instance, automated driving and operations directly impacts the largest staff group, which are the 
drivers. Some tasks are already today highly automated, with a significant impact on task contents and skills 
requirements. Automation may result in less strenuous, monotonous, dirty or dangerous work but it may also 
result in an increase of work intensity and task overload. At the same time, all job profiles in urban public 
transport will change significantly with new tasks and occupational profiles emerging, making it crucial to 
invest in the adjustment of skills and competences. Above that, the rapid change of technologies and digital 
tools requires a constant motivation from workers to learn and ensure the learning of new kills (ETF, UITP, 
2020). 

A comprehensive understanding of the elements that influence user acceptance of AVs is central to pursue 
and ensure the successful penetration of AV technologies in the market. Research has outlined that social and 
individual factor, as well as the system characteristics play a key role in ensuring user acceptance. It is however 
important to note that investigating and predicting public acceptance of autonomous driving is a fairly new 
topic, with knowledge remaining limited and with more research required to understand psychological 
determinants associated with acceptance (Nastjuk et al., 2020).  

 
To capture the existing knowledge on users’ perception of AVs and related acceptance creation measures, but 
also understanding the existing best practices in the transport sector, a literature review was conducted.  
The results of the literature review have been then integrated with the findings from the project’s pilots on 
user experience, acceptance, and future intention to use autonomous vehicles. Pilots’ findings were mostly 
collected via questionnaires, interviews, and video analysis. These made it possible to specify the theoretical 
analysis with respect to a wide range of AVs solutions, from in-vehicle design and optimized HMI for remote 
operation of automated trains to road transport users’ interaction with autonomous shuttle and HMI for 
workboats operators. 

5.1. Literature review 
The sources identified as relevant for the analysis represent an array of typology of publications (from scientific 
publications on human needs and acceptance in the context of AVs, to deliverables of EU-funded project, 
policy recommendations and existing roadmaps), which cover all the modes of transport Drive2thefuture has 

https://www.sciencedirect.com/science/article/pii/S0040162520311458#!
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been investigating, different levels of automation as well as the perspective of several key mobility 
stakeholders (i.e. AVs drivers and operators, workers unions, passengers, road users).  

 
Throughout the review, the content of each source was examined to determine the type of user and the mode 
of transport addressed together with the main findings with regard to user experience and acceptance. Main 
findings have been clustered and reviewed according to three thematic categories which represent the 
domains the acceptance creation measures should focus on, namely: 

 
• Working Conditions, job security and safety: 

New technologies can improve work-life balance and offer more attractive working and employment 
conditions for employees. For example, automation can reduce physically hard, ‘dirty’ or monotonous 
work and thus give more opportunities for under-represented groups in the mobility sector. However, 
the use of digital tools and work devices also pose risks to occupational health and safety, increasing 
the potential for employees to experience stress and psychosocial risks, through e.g. (i) an overload 
of information and distraction (e.g., badly designed drivers’ assistance systems) and (ii) an increase in 
work intensity and workload. 

 
• Ensuring skills:  

The digital revolution and the introduction of higher degree of automatization in the mobility sector is 
likely to result in substantial changes to job profiles: some job profiles will be discontinued while new 
roles will be created. It is essential for companies to offer future opportunities to all current and new 
employees to participate in continuous (in-house or external) training programs for re-skilling, 
upskilling and retraining. This will enable employees to develop new skills and improve their 
employability while enabling them to keep pace with the changing work tasks. The transition towards 
AVs must be based on a principle of just transition with the objective of securing both the future of 
companies and employment while preventing any negative effects on employment and working 
conditions.  

 
• Data protection, privacy, and dignity: Privacy concerns related to the access and storage of users’ 

data have been noted as highly concerning by potential users of autonomous vehicles, thus lowering 
the general interest in using them. Sensitive information and the privacy of both employees and 
passengers must remain protected, requiring for the respective regulatory framework enforced to be 
applied. At the same time, the purpose of each technology deployed within mobility providers’ 
company and the collection of data needs to be clearly defined, as they can also raise the risk of 
compromising the dignity of the human being, in particular due to the increased potential for personal 
monitoring. This could result in a negative effect on working conditions and well-being at work. 

 
Overall, the literature review shows the abstraction level of the topic discussed in most documents is rather 
high and most content is of exploratory nature with a lack of concrete actions to work towards the vision. Also, 
it is worth pointing out that when examples of good practices are available, automation is often not the main 
focus as more general digital transformation scenarios are referred to. This seems to reflect the scarcity of 
actual application of measures and incentives to facilitate the shift to AVs for both professional and non-
professional users, which are currently investigated mostly in the frame of trials and pilot projects for a limited 
period of time. An exception is represented by metro systems, where fully automated operation (also called 
unattended operation, or GoA 4) are a proven state of the art technology. In fact, metros are guided systems 
benefiting from complete track segregation and high degrees of track protection, which has made it possible 
to apply pre-programmed sequences of tasks enabling to operate metro lines without drivers already four 
decades ago. Even though metro systems are not in the scope of the Drive2Future project, some 
considerations and good practices relevant for the current analysis are presented in the following.  
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5.1.1.1. Working Conditions, job security and safety 

The analysis of previous studies shows the broad range of positive effects of digitalization and automation on 
working conditions in the transport sector, when implemented in close cooperation between management 
and labour, based on negotiated solutions between the social partners. New technologies have the potential 
to improve the work, by making it cleaner, healthier, less dangerous, less noisy and less pollutive, e.g. in the 
context of automated depots operation (ETF, UITP, 2020). Less harsh working conditions could contribute to 
making the sector more attractive and may be an opportunity for greater inclusion of women and young 
people (Ecorys and Hellenic Institute of Transport, 2021). However, they also have the potential to cause more 
stress and increase the workload for employees.  

In the metro sector, for instance, when metros have been automated, drivers took over service tasks and 
working conditions have changed positively due to mixed work, continuous services with paid break, 
recreational periods during service, no permanent sitting, and more movement in the service. In Madrid, 
Metro de Madrid has developed a comprehensive concept for “Metro Stations 4.0” which includes new 
concepts for providing customer support and services. According to this concept, customer service staff, 
equipped with tablets and mobile phones are moving around rather than sitting in one place, selling tickets. 
The occupational profile is characterized by pro-active communication with customers, use of digital tools, 
multi-lingual capacities (supported by transnational programmes) and multi-modality. Apart from customer 
care there are also new functions and tasks for the employees in the field of operations, for example an initial 
diagnostic in case of incidents or the supervision of the station (i.e. the specific physical area of responsibility). 
In order to obtain the skills needed for these new tasks, the employee receives training in the use of the tablets 
and apps installed on it as well as training in customer services and supervisory tasks (Metro de Madrid, 2020). 
In Milan, at the ATM Group (Azienda Trasporti Milanesi), with the automated driverless metro stewards are 
now located along the line with customer service tasks and aid recovery systems in case of incidents. 
Automation of the metro systems have also shifted the skills and competences demanded from control centre. 
In fact, control centre staffs are now in charge of: train movements, power supply and passenger surveillance, 
manage stewards, and deal with alarms, among other tasks. With the switch from a traditional to an 
automated metro, the system has overall changed from a low to a high complexity system.  

At the same time, increased multi-tasking or moving to service tasks may result in discussions regarding the 
remuneration and adjustment of wage groups. According to a study conducted in 2021 by Ecorys and Hellenic 
Institute of Transport, the majority of stakeholder groups surveyed expect wages to either remain as they are 
or increase as a result of automation and digitalisation. However, most trade unions anticipate either a 
decrease in wages or no change at all.  Questions emerge regarding the nature of the new activities and skills 
which will be less linked to the driving activity itself or the taking of the vehicle, which could be regarded as 
up- or downgrading in terms of job contents and demands. To avoid risks and ensure a smooth shift to the 
new working conditions, the answer to this question should be developed jointly by management and 
employee representatives or trade unions (ETF, UITP, 2020). 

Where metro operates nearly 24/7, maintenance work must be carried out in a tight time frame. This 
showcases the way the introduction of digital processes and automation often affects the work organization 
and processes, including working times. This also extends to other areas, like operations or traffic and 
infrastructure management, where digitalisation may even allow for larger flexibility and moving between 
telework and office presence. As working time changes, there is a need to develop solutions that not only 
match cost and efficiency related requirements but also the interests of employees (also considering the 
diversity of interests, e.g., between younger and older, “digital natives” and “digital immigrants”) to avoid 
feelings of overload, insecurity and demotivation. 

In terms of job security, examples show that automation and digitalisation in the public transport sector has 
not substituted drivers’ jobs in operations but led to significant changes in occupational profiles and job 
contents. According to surveys conducted in the studies analysed, generally, transport professionals are less 
likely (than the other respondents) to feel that their job will be at risk, even though they believe that AVs will 
have a strong impact on the transport industry job market (Nikitas et al, 2021). A study conducted in Germany 
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on the acceptance of truck platooning by professional drivers (Castritius et al., 2020) shows that professional 
drivers are not scared of job loss as they believe that driver will remain essential for tasks like 
loading/unloading or to navigate in the city.  

Several studies seem to also support the notion that safety is the most important issue for AVs acceptance, 
with some of them showing the general belief that shift to automation will have a positive effect on 
occupational safety and health. Safety standards are expected to improve, while in some instances, 
improvements are already occurring on an ongoing basis (Ecorys and Hellenic Institute of Transport, 2021).  
Any autonomous vehicle solution should be designed to maximize safety, not only for on-board users 
(passengers and operators), but also for any other user who might interact with the AV, even at the cost of 
other variables such as efficiency and leisure options (Kacperski, C. et al., 2021).  According to a study on 
societal acceptance of Urban Air Mobility in Europe (EASA, 2021), safety seems to also be the leading 
acceptance factor for automated technology applied to urban air mobility, where safety refers to the safety 
of an occupant of, e.g., an air taxi, and also includes people on the ground.  

 
When collisions have happened with AVs, in most cases driver inattention was the cause and when operating 
an AV, drivers should continue to have manual driving skills. There is a gap between what the driver assumes 
the vehicle should be capable of doing and what the vehicle is capable. Paradoxically, AVs might make it more 
difficult for mobility operators to intervene in case of an emergency, as automated vehicle operators could 
experience a degradation of their conventional driving skills (Cunningham & Regan 2015) and because acting 
as a supervisor reduces the operator’s workload, which may cause the operator to become bored or perform 
secondary tasks, hence also affecting its awareness (MDOT & CAR, 2016). In case of platooning of automated 
trucks, rotation between lead and follower positions could maintain the manual driving skill levels and reduce 
monotony, thus increasing driver performance and traffic safety (Eitrheim, et al., 2022).  

Overall, the literature analysis shows that the introduction of AVs provides the opportunity to ensure better 
working conditions and create a more attractive workplace, by raising skill levels and thereby salaries, reducing 
the physical demandingness, broadening the required skillset and facilitating more flexible working hours (e.g., 
remote working). However, these improvements are neither given nor they will appear in the short-to 
medium-term. Social dialogue and regulatory mechanisms are needed to master the transformation. The 
participation of employees and their representatives would enable workers to proactively react to digital 
changes transforming their work. In addition, the workplace knowledge of the employees is a key asset to 
understand the impacts of these new technologies on work and help make technical developments more 
efficient and effective, thus increasing the acceptance of the new technologies among the professional users.  

5.1.1.2. Ensuring skills 

Digitalisation, automation, and artificial intelligence in the transport sector have a significant impact on 
existing job profiles across all areas and modes. At the same time literature research and results from previous 
studies have shown that companies often underestimate the need to invest in retraining and re-skilling of 
existing staff, involving actively vocational education and training schools as well as social partner 
organisations and company level employee representation bodies.  

 
According to a worldwide study published by UITP in 2018, the majority of the public transport stakeholders 
surveyed (62%) declared that they did not have enough employees with accurate digital expertise while a 
similar share of respondents noted they had not yet identified the vital competencies, as this was still an 
ongoing effort. Without identifying the possible gaps occurring in their workforce, of course, it would not be 
possible to hire the right talent.  Still, 60% did not have a Human Resources specific strategy on acquiring 
this. Also, employee representatives in the context of previous projects have highlighted that the deployment 
of new technologies often neglects the impact on cognitive and soft skills requirements. For example, a trade 
union representative has highlighted that in the context of the introduction of automated metro line operation 
in Budapest, the necessary changes in the organizational structure were implemented much slower than the 
introduction of new technologies. This has caused insecurity and resistance both amongst lower management 
levels as well as in the workforce (ETF, UITP, 2020). Setting the right framework conditions to support workers’ 
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employability by improving individual skillsets is an essential challenge for management. However, it also 
presupposes that employees are motivated to learn and are open to the changes necessary to work effectively 
with new technologies.  

A study conducted in 2020 and commissioned by the European Commission, DG RTD (Study on exploring the 
possible employment implications of connected and automated driving, Final Report) shows that the 
deployment of AVs technology is expected to increase the average skill level of workers in road transport, both 
passenger and freight, but it will also reduce the importance of some skills (e.g. manoeuvring vehicles) while 
increasing the importance of others (IT related and social skills). It is suggested that mobility companies and 
policy makers need to consider three main points: 

1. A shift from driver to mobility operator requiring workers to become more adept in IT skills, but also 
in monitoring and intervention skills;  

2. A potential shift in responsibilities for drivers towards more administrative and/or customer related 
tasks.  

3. Overall the increased need for ICT and engineering skills to build, maintain, and operate the vehicle 
fleet and infrastructure. 

In terms of measures to enhance the acceptance among professional users, the first two points require to 
build on flexible approaches, such as lifelong learning to help drivers adapt to requirements changing over 
time, as traditional driver skills will only gradually become less relevant. On-the-job training will also ensure 
that skills which will be less used over time (e.g., manoeuvring vehicles) do not depreciate and that drivers are 
still able to intervene during emergencies (which will be relevant for up to SAE level 4). Policy makers will also 
need to consider the retraining of drivers (especially in freight transport, where according to the study the 
introduction of SAE level 4 and 5 is more likely) into other professions (e.g., logistical experts, traffic managers, 
mobility operators, stewards). In light of the third point, there is also the needs to adapt existing curricula 
(geared more toward IT and customer relations skills) and promote educations in fields where future demand 
is expected such as ICT and engineering, traffic control and logistics. Augmented reality (AR) will certainly 
become an important element of future job environments. Currently, there are plans to include AR in 
education and training, but they are still in their early stages. The work on educational needs of the sector 
should start now, as the effects will only be visible after five or six years. Specifically, social partners, public 
authorities and educational institutions need to focus on (i) updating curricula for drivers, because with 
increasing automation levels, their responsibilities and required skills will increasingly change to become 
mobility operators or vehicle and service agents and (ii) updating curricula for after-sale technical staff, since 
workers such as mechanics will require additional skills to deal with the electronics and software included in 
automated vehicles. In this context, the contribution from industry players can also be key even though 
industry tends to develop training methods of their own, which are designed to meet particular requirements, 
and to restrict in the formation exchange with other stakeholders (SKILFULL, 2017).  

According to a study on challenges for automated vehicle driver training (Merriman et al., 2021) - SAE level 2 
to 4 - a new appropriate mental model needs to be developed to avoid drivers’ unrealistic expectations of 
what an AV can do, leading to over-trusting or under-relying on AV. Such mental model is strongly influenced 
by experience and working context; therefore, trainings should complement written and verbal description of 
the capabilities and limits of AVs with practice in simulators.  
Overall, the study concludes that “drivers need to understand the capabilities and limitations of the 
automation, how the automation works, what their job is whilst automation is being engaged, how to activate 
and deactivate the automation and how to perform a takeover request”. Also, as already pointed out in the 
analysis of Working Conditions, job security and safety, not being actively involved in the driving task could 
create boredom or fatigue, therefore drivers should still regularly check the automation, to successfully 
takeover control when requested. In this respect the study points out that “as drivers may have to manually 
takeover control of the vehicle when the automation’s limitations are reached or a system failure occurs, they 
will still need to learn (and refresh) the procedural skills needed to control and handle the vehicle on the road 
(e.g. navigation, hazard detection and vehicle control) and what they should attend to in the environment in 
order to detect hazards on the road”.  
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The following elements and tools are needed in delivering a successful re-skilling and up-skilling of professional 
drivers: 

• the impact on employment of investments in digitalisation and automation technologies;  

• the impact of digitalisation and automation on existing job profiles;   

• whether new professions and/or job profiles will emerge;  

• the existing skill sets in the company and the future skills requirements following investment in new 
technologies; 

• establishment of skills plans and training programs for ‘lifelong learning’,  

• timely anticipation and counteraction of the potential risks for individuals or groups of workers (ETF, 
UITP, 2020).  

5.1.1.3. Data protection, privacy and dignity 

As already mentioned in the sub-chapter 5.1, concerns related to the access and storage of users’ data in 
connection with the development of AV technology, have been recorded in several studies by potential users 
of autonomous vehicles. Sensitive information and the privacy of both employees and passengers must remain 
protected. The respective enforced regulatory framework has to be applied. 

In the public transport sector, for instance, the European Social Partners agree that the protection of sensitive 
employee data needs special attention. The collection of data and the use of surveillance systems (e.g. 
cameras inside stations and vehicles, GPS and other devices in the context of driver assistance systems) must 
be fully transparent. Such an arrangement should be subject to collective bargaining between management, 
trade unions and workers’ representatives. The purpose should be clearly defined and communicated. In 
particular, the collection of data that can be used for personal monitoring of performance and behaviour must 
be specified among social partners. In fact, the increased potential for personal monitoring, or “datafication” 
of the workplace can raise the risk of compromising the dignity of the human being (ETF, UITP, 2021).  
Furthermore, guaranteeing the control of humans over machines and AI is critical as automation of certain 
operational functions and the use of artificial intelligence technologies increases and becomes common place 
across the mobility sector. Companies and trade unions should acknowledge and address “the potential 
tension between respect for human autonomy, prevention of harm, fairness and explicability of decisions”. 
(ETF, 2020, European social partners framework agreement on digitalisation).  

5.1.1.4. Summary of main findings  

Overall, the analysis of studies and projects where users (professional or non-professional) have experienced 
new technologies (e.g., platooning, automated passengers’ cars, shuttles) clearly show that hands-on 
experience of the new technology increases its acceptance. Trust can be built through experience, both in real-
operation scenario or on the test track. The University of Applied Sciences, Fresenius, for instance conducted 
projects on the perceptions of professional drivers of autonomous driving of trucks and buses. The results of 
the study showed that the acceptance of technology increased massively after drivers participated in the tests 
and used the new technology. The analysis showed that previous concerns, such as difficulties in use or safety 
concerns, decreased very significantly or disappeared entirely. This also holds true for concerns about passing 
vehicles or the (short) distance between the two platoon trucks (15 meters) and fear of hacking.  
In addition, drivers see mastering a large vehicle by themselves as a core part of their profession. If the vehicle 
drives autonomously, these driving skills are no longer used. The project results therefore point out the 
importance of involving employees, to communicate possible scenarios and to highlight which valuable 
activities remain when other tasks are replaced by technologies. One starting point is to underline positive 
aspects of the use of new technologies for the employees (University of Applied Sciences, Fresenius, 2019). 
Finally, trust can be increased through easy-to-use systems, which always provide a sufficient level of control, 
anthropomorphic designs that communicate politely and clear communication of current and future system 
states through multiple channels. Besides work environment, design should consider the hedonic motivation 
of the end-user, such as the pleasure derived from the use of the Avs, which would help make truck driver´s 
working conditions more attractive (Fröhlich, et al., 2018) 
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When the focus is on non-professional users and public acceptance, two of the studies analysed (Pyrialakou, 
et al., 2020; Pigeon, et al., 2021) argue that awareness and personal experience with AVs (whether directly or 
indirectly through one’s social circle) can affect safety perceptions both positively and negatively. Therefore, 
it is imperative that AV companies proceed with caution when preparing widespread testing to not expose the 
public to pilot implementations with negative experience, especially those involving bad braking behaviours, 
and which do not meet comfort standards. To alleviate users’ concerns, rules such as the prohibition of 
standing when the vehicle is in motion could be imposed. Preventive equipment, such as seat belts, child 
safety seats, video surveillance or a means of dealing with emergencies (for example, a button for emergency 
stops or to open the doors and a means of communication) could also be made available. 

Potential users also require a means of compensating for the absence of a driver as they wouldn’t feel safe 
without any human supervision. According to a study on acceptance of driverless automated shuttles 
(Nordhoff, et al., 2021) an external supervision (i.e., from an external control room) seems to be preferred to 
a steward on board or no supervision. The same study argues that acceptance could be increased by equipping 
the AVs with displays inside shuttles visualising the person/s in the external control room that remotely 
control/s the shuttle, and that can be called by passengers for all sorts of technical and non-technical questions 
during the ride, using a button inside the shuttle or a smartphone app. Another possible solution is to equip 
automated shuttles with displays showing the current and future actions of automated shuttles and the 
external environment (e.g., road users in close proximity) in order to increase the predictability of the shuttle 
behaviour for passengers. A third strategy is to implement emergency stop buttons inside shuttles.  

Lastly, public acceptance of AVs is strongly dependent on the capability of AVs to meet the existing mobility 
needs of individuals. Although many pilot experiments with autonomous shuttles have been conducted, they 
have not yet managed to entirely convince all potential users (Pigeon et al., 2021), with recurrent concerns 
about safety, security, usability, accessibility, and comfort. To be easy to use, AVs should be similar to the use 
of public transport. It is expected that individuals that are open to technology and for which the autonomous 
shuttle is compatible with their mobility routine should be first time users, which will then spread the word to 
others.  

To help maintain control of future trends in public perception, transportation planners, decisionmakers, and 
other stakeholders should put in place awareness campaigns and put forward the advantages (efficiency, 
comfort, safety) of autonomous shuttles and target messages to combat generalized confusion about AVs and 
develop understanding on the ways AVs will ultimately operate in mixed traffic (Nordhoff, et al, 2021).  

5.2. Project pilots: main findings 
Based on the evaluation of the project’s pilots carried out in very different scenarios, some general conclusions 
can be drawn on how the user experience and acceptance of AVs can be improved.  

 
Not surprisingly, training activities seem to be a powerful tool to increase awareness, sense of security and 
confidence in AVs for passengers, operators, and professional drivers, regardless of the means of transport 
used. In general, all users reached in the frame of the pilot’s user surveys, agreed on the need for training prior 
to the interaction or use of this type of vehicle. This becomes especially relevant when it is necessary to learn 
how to react in case of a problem, an automation failure or an unexpected event that cannot be handled by 
the AV. Overall, without the training activities, the acceptance of the project pilots, based mainly on the aspect 
of relatively new technology, would not have obtained the satisfactory level.  

 
Clearly, training must be adapted to the profiles of the participants, distinguishing between non-professional 
users, professionals with experience in AVs and professionals without experience. When both “basic” and 
“advanced” trainings have been provided in one project pilot, the users assessment shows that the advanced 
training modules can have a reverse effect on the trainees, by emphasizing the limitations of AVs, showing the 
weak points of the system, and perhaps detracting from some confidence and / or willingness to be used. At 
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the same time, however, when users become more aware of the limitations of technology, they declared that 
they are more cautious, and they don’t reduce their attention during the interaction with AVs.  

 
The age of the users is also a factor affecting the acceptance of the technology, thus training in older user 
groups will be more necessary than in younger user groups who are closer and more accustomed to interacting 
with technology. The evaluation of the pilot deployed in Oslo (Norway), for instance, shows that users under 
50 years of age are more willing to use or interact with AVs at an early stage and this tendency is even more 
evident if they are young people who are accustomed to being daily users of public transport.  

 
When trainings are organized in a virtual environment, as in the pilot which took place in Karlsruhe, Germany, 
the users ‘opinion on its usefulness is still very high. Overall, for 90% of participants - who did not consider 
themselves experts in this type of technologies - the training sessions developed in Karlsruhe in a VR 
environment have helped them to increase their confidence in the AVs. This ratio decreases in the expert user 
participants, mostly because of their previous experience with the system and their previous level of 
confidence. In general, the pilots’ evaluation suggests that (i) trainings in VR can be used as learning systems 
in parallel or prior to the experience in real environments, and (ii) they seem to positively affect user 
acceptance and the willingness to use AVs in real life. However, when haptic systems have been tested, users 
have expressed the need for the vehicle's reactions to be better conveyed to the user and therefore the 
resemblance to the real environment improved.  
A significant improvement in the user experience has been registered also via the participation to online 
trainings. In this case, the recommendation is to cover all possible use cases and situations that can be 
contemplated in the real operation of an AV. Also, it is suggested to include video tutorials, as it was done in 
the case of training for train dispatchers and train drivers, as well as the dialogue with experienced 
professionals that allow to solve the doubts that may appear. 

 
A general conclusion observed in almost all the project pilots is dealing with the HMI concepts developed and 
tested by the project. Results show that HMI plays a key role for the integration of autonomous vehicles in 
urban mobility. From the point of view of the acceptance of users and citizens of AVs, the presence of a 
dedicated HMI that identifies the AVs can significantly increase the users’ perceptions of safety and 
confidence, make the interaction with them safer, reducing the likelihood of emergency braking or dangerous 
situations, thus increasing comfort. Combining the experiences of different project pilots where several 
automated road vehicles have been tested, it can be indicated that having an external and clear signage for 
the identification of the AV allows users to easily learn to distinguish it, offers the road users a greater sense 
of security and confidence since it allows them to anticipate the behaviour of the vehicle. However, the 
experience from the pilot in Aspern Seestadt, Vienna, where automated public shuttles have been tested in 
regular traffic, shows that it is not enough to provide an identifying HMI to the autonomous vehicle, but it is 
necessary to inform users of the purpose and objective of this HMI. If this information is not given, users ignore 
it because they do not realize its presence or because they do not understand it. Also, in future developments 
HMIs should be adapted according to the different needs across age groups of users in order to produce 
effective HMI design concepts. The need for such adaptation is one of the main conclusions that can be drawn 
from the phase II of the project pilots.  
If the focus is instead on the need for identification of AV by professionals, traffic operators surveyed at the 
Rome Traffic Management Centre suggest the identification of autonomous buses by means of an icon, for 
them to be distinguished from the rest of vehicles, even though their work should be limited to the supervision 
and not to the remote control of these type of vehicles.  

 
Overall, all the pilots developed in the frame of Drive2thefuture have confirmed that once users learn to 
interact with the AV, their level of acceptance increases. Therefore, there is a need to offer training systems 
that allow all types of users to become increasing familiarize with them to support acceptance. When this 
cannot be accommodated in real-life experience, a virtual simulated environment is a scenario considered 
positively by users, as they have stated to feel comfortable during their experience and in adapting to the 
virtual environment.   
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6. Impact of automation to employment  

The overview of the implications of automation across the transport sector impacts the labour market, with 
different arguments and estimations for the future of transport human capital.  

The transport sector remains the major provider of jobs in Europe, with over 10.8 million people employed in 
transport occupations in the EU in 2020 (Eurostat, 2021). At the same time, the rapid ageing of the profession 
experienced across the sector showcases a lack of attractiveness of the profession (IRU, 2021). Vehicle 
automation might therefore open a new opportunity to address the shortage of labour in the sector across 
the EU which is forecasted to continue to increase (IRU, 2021), including to resolutely improve the image of 
the profession and its attractiveness. Automation and digitalization will affect all transport modes, including 
remotely controlled vessels, driverless trucks, cars and trains, autopilot on planes and drones for logistics 
delivery (European Commission, 2021). However, if large-scale deployment of automation is forecasted to 
impact the transportation sector, they remain still split as to how exactly this will take place.  

Currently, there is no clear perception on the ways automation and new technologies will affect future jobs 
and the employability, as other parameters such as economic trends, labour market dynamics, skills, 
regulatory framework, social awareness and acceptability, cost of new technologies and demographic changes 
will also play a key role in shaping the transport sector of tomorrow (European Commission, 2021). 

The following sub-chapters provide a preliminary identification of potential shifts of employment skills across 
transport modes, based on literature review, to forecast changes across the EU transport labour market and 
accompany the transition of the European workforce towards increasing levels of automation and 
digitalization. 

6.1. Road transport 

The road transport sector remains a crucial component of the EU economy, with road freight transport and 
road passenger transport employing respectively 3.205 million and 1.939 million people across the EU in 2018 
(Carlier, 2021). It is therefore essential to keep track of technological trends both on a short or long-term basis, 
to anticipate the potential impact of AV deployment on employment. Historically, new technological 
developments have generated more jobs than job losses (Halteh et al., 2018) even if in the short-term these 
can be perceived as ‘creative destruction’ and ‘forced change’ (Nathan & Ahmed, 2018). 

Indeed, automation of road transport enables the creation of new products and services, offering new job 
opportunities and requiring new sets of skills. This could in parallel lead to the disappearance or disruption of 
some current professions and/or job profiles, with some workers potentially finding themselves in the labour 
market with skills that are no longer or less in demand (Nikitas, 2021). Previous studies on the electric 
transition of the road transport sector have highlighted the importance to invest into new skills training or 
reskilling programmes that aim to minimise the negative impact that technology could have on employment 
(European Commission Directorate-General for Research and Innovation, 2017; The European Association of 
Electrical Contractors, 2018; Le Petit, 2017). 

The shift from the current status quo to an environment with fully autonomous vehicles is expected to 
progress gradually, so is the transition within the employment sector (Cohen & Hopkins, 2019). To help have 
a better overview, three phases for the implementation of autonomous vehicles have already been identified 
for Australia and New-Zealand, of which each has a different impact on employment (Hartsis et al., 2018), as 
presented in the Figure 3 below. 
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Figure 3: Phase of implementation of autonomous vehicles (source: Haratsis et al., 2018) 

The impact on employment in the first phase is expected to be moderated as most changes and impacts of AV 
will occur in research and testing. The development of more pilots with shuttles and other autonomous 
vehicles will require additional educational and training programs for drivers and operators. In driver training, 
there will be more emphasis on dealing with Advanced Driver Assistance Systems (ADAS), especially as more 
and more level 3 and 4 vehicles come onto the market. As technical evolution accelerates, other science 
domains will adapt to prepare necessary changes and technology required to allow the use of autonomous 
road vehicles (urbanism, information infrastructure). Social sciences will also be involved to tackle the ethical, 
psychological and social problems as the public acceptance is crucial to accept and handle autonomous 
vehicles. 

During phase 1, an annual growth of 1.991 jobs for Australia and New-Zealand can be estimated (Haratsis et 
al., 2018). The European study does not provide specific figures for this period and estimations based on the 
four different scenarios do not seem to make any important difference in this period (Ecorys, 2020). 

During phase 2, the growth is mostly expected in the employment of professional drivers, especially in freight 
and passenger transport. Although drivers will be present in most vehicles, their role will be changed and 
specific technical training will be required to handle shuttles, especially in difficult situations and technical 
breakdowns. Drivers will also take on a form of steward role for passengers, which will demand a different set 
of tools and competences. An annual growth of 3.261 jobs during this phase for Australia and New-Zealand 
can be expected, particularly in the IT-sector (Haratsis et al., 2018). The study on the European situation 
estimates a growth in employment for the transport sector (see Table 6), but not across other sectors (Ecorys, 
2020). 

Table 6: Employment changes EU27, in thousand jobs (source: Ecorys, 2020) 

 
 
 
 

Transport Services Manufacturing 
(in CAD relevant sectors) 

Passengers Freight 

Year 
 

2020 2035 2020 2035 2020 2035 

Scenario 1 2,122 +91 4,508 +1,749 9,190 -164 

Scenario 2 2,122 +91 4,508 +1.431 9,190 -164 

Scenario 3 2,122 +89 4,508 +1,104 9,190 -162 

Scenario 4 2,122 +89 4,508 +899 9,190 -163 
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During phase 3, considered as the period of most visible transformation (Haratsis et al., 2018), a lot of changes 
can be expected in the world of employment as a direct and indirect impact of automation. This will 
considerably change the way goods and passengers will move but also dramatically change the employment 
sector. 

Job losses are expected to mostly take place in the transport, postal and warehousing industry with a 
decreasing level of staff required in the intensive trucking and freight transport industries (Haratsis et al., 
2018). However, job gains are expected in the professional, scientific, and technical services industry with an 
estimate of 9,221 additional jobs per year for Australia (Haratsis et al., 2018). European estimations as 
presented in Table 7 below (Ecorys, 2020) show that the transport sector is expected to experience job losses, 
which will not entirely be compensated with the growth of more IT-Staff and with the creation of new jobs as 
stewards and operators. The employment in the electronics sector can be expected to increase with 3 to 4 %, 
but other related sectors are forecasted to experience a decrease of employment (Ecorys, 2020). 

Table 7: Employment changes EU27, in thousand jobs (source: Ecorys, 2020) 

 
 

Transport Services Manufacturing 
(in CAD relevant sectors) 

 
 

Passengers Freight 

 
Year 

2020 2050 2020 2050 2020 2050 

Scenario 1 2,122 -46 4,508 -2,302 9,190 -168 

Scenario 2 2,122 -87 4,508 -2,620 9,190 -196 

Scenario 3 2,122 -265 4,508 -1,247 9,190 -239 

Scenario 4 2,122 -157 4,508 +549 9,190 -256 

6.1.1. Changing and emerging professions 

Automated road transport has the potential to open the sector to several social benefits, including such as 
improved attractiveness, social inclusion, safety improvements and more efficient traffic, across urban and 
interurban contexts. However, these same benefits could lead to social conflicts as one mobility paradigm may 
cause a shift in the current equilibrium, namely across the labour market. In fact, road professional drivers are 
forecasted to be among the first professionals to face employment consequences of large-scale automation 
deployment (Haratsis et al., 2018; Leonard, 2020).  

All business tied to transport have the potential to be disrupted (Cohen & Hopkins, 2019) even if autonomous 
vehicles will only be adopted as first- and last mile feeders (Alyavina et al., 2020; Knowles, 2020). However, 
AVs could greatly help to make the sector more attractive to both drivers and operators, by raising the appeal 
and comfort level and reduce costs related to travel activities. Large-scale AV deployment could help improve 
the image of the transport profession as workers could be more willing to accept jobs with a higher distance 
from their residence but also provide better working conditions and increased productivity for professionals 
such as suppliers, installers, or home care aides (Beede et al., 2018).  
 
The European research project SKILLFUL also provided an overview of the future of employment across the 
transport sector, focusing on reviewing existing, emerging, and future workers’ knowledge and skills 
requirements and specify training requirements. The automation of the sector has the potential to generate 
new road transport jobs such as artificial intelligence assistance engineers, Internet of Things (IoT) and Big 
Data analysts to behavioural experts, Mobility as a Service (MaaS) related jobs, and Human-Machine Interface 
(HMI) cognitive supporters. Moreover, some existing jobs will need to be adapted to better integrate future 
trends, among which mobility planners at city level with the use of Sustainable Urban Management Plans 
(SUMPs), urban freight planners with the use of Sustainable Urban Logistics Plans (SULPs) and predictive road 
maintenance experts.  
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The EU project SKILLFUL specifically identified the future need for a ‘Transport engineer’ degree and ‘ITS 
engineer’ degree consisting of courses combining engineering, telecommunication, mobility, and transport. 
These will support employment gaps in the following changing and emerging professions: 

• Road freight transport 
o Remote control operator 
o Logistics operators and delivery dispatchers 

• Road passenger transport 
o Mobility operator/Fleet managers 
o Remote operators 
o Multimodal transport operator 

• Other professions  
o AV driving instructor (ADAS & level 4,5) 
o AV regulators 
o AI engineer  
o System/interaction analyst 
o Accident evaluator (liability) 
o Infrastructure certifier 
o ITS system manager 
o Driver support (vehicle diagnostic via IoT and phone support) 
o Automotive cybersecurity expert  

If in the past, vehicles manufacturers of cars heavily relied on mechanical engineers, software engineers are 
increasingly becoming the leading staff, as the next car generation will contain more computer code and 
artificial intelligence than in a mobile phone or commercial jets (Guillot, 2018). Consequently, the automobile 
repair sector will also be disrupted, requiring more IT-technicians, as well as requiring a greater need for 
maintenance (Clements & Kockelman, 2017) due to the increase of miles per vehicle (no ‘lost time’ caused by 
the compulsory rest period for human drivers). Research has shown there might also be a shift to car Original 
Equipment Manufacturer (OEM) dependent service also in repair shops (Bertoncello & Wee, 2015). 

Autonomous driving will probably strengthen related fields like robotics as the need for electronics and 
hardware components such as Light Detection and Ranging (LIDAR) sensor, camera, or batteries, will rise. High 
qualified personnel, who develop, test, monitor and manufacture autonomous vehicles and those related 
systems will be required to ensure the deployment of highly automated vehicles on open road and in the 
market (Grunwald, 2016; Bissel, 2020; Bertoncello & Wee, 2015; Raposo et al., 2018).  

Further growth of the service and digital media sectors can also be expected. As mobility models, like car 
sharing, carpooling, e-hailing taxi alternatives or peer-to-peer car rentals are forecasted to gain more 
importance (Bertoncello & Wee, 2015; Haratsis et al., 2018), with the development of technical platforms 
necessary for the use of AV, such as web or mobile apps, experiencing a higher demand for software 
developers, designers and experts for user experience design. 

To continuously ensure road safety, a degree of centralised traffic control and management will most likely 
become mandatory, which will require a whole new professional field to arise (Grunwald, 2016; Bissel et al, 
2020). This will also potentially lead to a higher demand for data services and cybersecurity defence measures. 

Autonomous vehicles promise higher road safety. Some studies estimate that AVs can reduce the chance of a 
vehicle crash with 33% (IIHS, 2020) while others indicate a 90% reduction (McKinsey, 2015). This will have an 
impact on the medical sector and could eliminate a large majority of emergency room visits (Clements & 
Kockelman, 2017). Furthermore, insurers might be able to concentrate more on operators and manufacturers 
of AVs, as accidents will be caused by technical failure or a lack of maintenance, instead of human mistakes, 
as it is currently the case (Bertoncello & Wee, 2015; Grunwald, 2016).  
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One specific aspect needs special attention, namely, the relationship between professional driver’s average 
age and the aging of the profession on the one side, and the expected begin of mass automation (Ecorys, 2020) 
in professional road transport (2035). In fact, with an average age of 47-48yrs in professional goods transport, 
and around 50 years in professional passenger transport, today’s drivers’ retirement age is expected to 
coincide with the begin of mass automation.  

This represents an important reference milestone for the industry, which must start to prepare for the 
“mobility managers” of the future, already in the coming years by clearly defining the expected future job 
profiles and adapt its recruitment, training and retention schemes to the needs and requirements of the 
mobility managers of the future.  

In the long-term and in particular for the years 2040-2050, if forecasts predict a substantial decline in 
conventional driver employment and an increase in the need for mobility operators (Ecorys, 2020). 
Considering that automation will require a new set of skills and is expected to change the nature and pace of 
the work, this is expected to make the profession and sector more appealing to a younger demographic.  

6.2. Rail transport 

According to the Shift2Rail project IMPACT-2, the impact of automation on job profiles can be clustered into 
three areas: the technical content of the jobs, working conditions and social interactions. The technical content 
of rail professions will shift with a high number of jobs expected to require advanced IT-profiles mainly linked 
to data handling and processing. Additionally, artificial intelligence may play a more central role in data 
handling while on-site mechanical engineering work may be reduced by robotics.  

Working conditions are generally expected to improve thanks to the reduced importance of physical work 
enabled by automation, but it is important to highlight that new technologies can also create new stress 
points, which will require training to ensure an efficient and gradual adoption of AV. The active involvement 
of rail staff in the training process will be key to facilitate the up-skilling process in the way that best supports 
the needs of both professionals and industry. 

In addition, work teams and social interactions across rail transport can be expected to become more multi-
disciplinary and therefore will require more advanced social skills to allow to consider other perspectives and 
to enable efficient communication. 

The project STAFFER has identified a need for three main general skills across rail, which partially overlap with 
those mentioned above (Schneider & Queck, 2021): problem solving, communication, and association skills, 
highlighting the importance of non-technical capacities and skills. 

6.2.1. Changing and emerging professions  

Professions in the rail sector have historically been in constant evolution and can today be experience with 
the progress of AV technology that is currently shifting the sector´s professional profiles. This change has taken 
place with the development of new tasks or through the automation and integration of machines across the 
network. This can be seen, for instance, in the case of level-crossing attendants. This role was previously under 
the responsibility of a person in charge of the manual operation of the level-crossing, which has now almost 
disappeared in Europe and has been progressively replaced by automated processes falling the supervision of 
signallers. Similar changes can be expected to happen in the future, leading to the emergence of new 
professions and changes to current rail professions and tasks. 

It is expected for roles such as train drivers and signallers, to shift from direct operation towards activities 
more linked to the supervision of operations. For example, GoA 3 could lead to the possibility of not requiring 
a person in the cabin anymore. In this context, Brandenburger and Naumann (2019) propose a role change 
from train driver to train operator. In this scenario, with trains driving autonomously, the train operators 
would only intervene when required, in case of disruption or emergency to take over the driving of the train 
manually and remotely within a specific area. 
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Figure 4: Illustration of work environment of train operators and signallers (Source: Brandenburger & Naumann, 
2018) 

Figure 4 showcases a possible environment in which several train operators in a control room, as described by 
Brandenburger and Naumann, share the space with a signaller, which would facilitate the exchange of 
information and decision-making processes at operative level. The tasks of the signallers are also shifting 
towards a more supervisory role, with the introduction of Computer-Aided Dispatching solutions. Despite 
being still far from replacing a human, these tools offer automatic and semi-automatic conflict resolutions, 
and are expected to move towards higher levels of automation over time. The intensive use of IT tools partially 
automated are expected to require, for both train drivers and signallers, a more specialised knowledge in IT, 
electronics, and similar fields. 

The digitalisation and automation of sector will lead to a greater importance of skills related to digital affairs 
and skills related to them. The transition towards and increased automation will also impact the passengers 
and the adaptation of the rail system to their demands and needs, may require the involvement of 
psychologists and other experts for passenger service design. Existing roles such as innovation and logistics 
experts as well as energy, electronic and systems engineers, and, of course, IT engineers and computer 
engineers will have a central role and are expected to be more relevant for decision-making processes at all 
levels.  

Outside from specific changes in the roles of drivers and signallers, other emerging professions across the rail 
sector have emerged across different works over the past years. In the framework of the H2020 project 
SKILLFUL, a set of new profiles were considered as emerging in the sector, with key skills expected to be 
relevant in the next few years. The roles formulated in SKILLFUL partially coincide with those skills identified 
in STAFFER as potentially critical (SKILFULL, 2017; Schneider & Queck, 2021). The reason is that the rail industry 
is already experiencing shortage, or they expect to experience it in the future. These skills are the following: 

• System engineering 

• Cloud based signalling 

• Cybersecurity 

• Different customer service skills for autonomous services 

• Remote conditioning monitoring 

• Virtual reality simulators and trainers 

• Big data analysis 
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6.3. Air transport 

For air transport, an initial level of automation already exists. If originally, aviation automation was related to 
simple tasks allocated to the autopilot, such as maintaining a heading and/or a selected altitude, the 
capabilities of the autopilot have gradually developed to include more refined tasks. These skills include 
keeping a selected rate of climb/descend, follow a ground-based radio beacon, capture a present altitude or 
even performing auto-lands (Rignér, 2020).  

The EU SKILLFUL project examined airport operations and the impact of new technologies on aircraft 
maintenance personnel and air traffic controllers. The project results show that over the next three years, the 
aviation sector organisations are expected to require additional skills and experience, particularly in the fields 
of safety and compliance (52% of respondents), marketing (35%), and new technologies (34%). The least 
demand is anticipated for additional skills and experience in human resources (8%) and languages (11%) 
(SKILFULL, 2017). 

6.3.1. Changing and emerging professions 

Automation has considerably shifted the roles of people in the sector and created new skill and knowledge 
requirements. If overall, automation has not reduced the need to invest in human expertise it has profoundly 
impacted the profession, with pilots being distanced from the direct “control of the flight process” to 
introduction of managers of the flight path of the different automated systems (Rignér, 2020). For this exact 
reason, the aviation sector will require the most significant growth in the number of Licensed Engineers, as 
well as Support and Training Staff for Air Traffic Controllers.  

Moreover, new jobs will be requested in information technology (IT), engineering with architectural view, 
systems and aerodynamics, soft skills, project management and leadership skills, and cyber security, more 
specifically in the following professions:  

• Automation and Robotics experts, Innovators development & maintenance of automated systems: 
Automation requires a completely different set of skills and knowledge and reinvent the existing 
transport system by bringing new solutions to ease people’s travel choices and travel decisions. In the 
medium term, and with the democratisation of drones and potentially unmanned planes, 
maintenance of automated systems will increase.  

• Security Controllers, IT Security/Cyber Security Manager  

• Security and Cyber security experts, legal services personnel, and privacy protection specialists 

While these are not professions, they are likely to be modified and gain in importance in short to medium 
term time. The SKILLFUL EU project findings and results show that cyber security is becoming a key issue in 
the aviation sector, and there will be a stronger focus on cyber protection and skilled cyber security experts in 
the short-term period (SKILFULL, 2017). Therefore, difficulties in recruiting cyber security experts are 
considered as a problem for the sector.  

• Booking clerks & travel agents: This profession is likely to change with the possibility to personalise 
devices, vehicles and services, and the user experience with electronic visas and smart airports.  

• Automated vehicle operators /Drones / Remote flying object operator: Operation of highly automated 
vehicles, Monitoring, and control of automated PT-fleets remotely, Operation of semi-autonomous 
ships-vehicles-aeroplanes, drones, etc. are all going to increase in short to medium term time.  

In addition, autonomous systems and technology is not simply expected to further develop within the aircraft 
itself, but also within operations at airports and associated facilities, such as driverless buses, electric pushback 
devices and remote controlled, fully autonomous baggage robots or drones used for aircraft inspections will 
be introduced in the coming years (European Commission, 2021). 
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6.4. Maritime transport 

In accordance with the ensemble of the transport industry, digitalization and automation is increasingly being 
integrated within maritime fleets, components, and operations, most particularly within ships and port 
operations.  

Compared to the conventional maritime fleet, autonomous ships will require fewer but highly skilled crew 
members able to handle and supervise an increasing number of autonomous functions and operations on 
board, possibly from remote control stations (World Maritime University, 2019). The tasks and skills of 
seafarers can be expected to shift from operational work, towards more digital ones, especially in operations 
monitoring and system management. Future seafarer professionals can expect to be required to combine both 
maritime skills with digital skills in three general domains: (1) data fluency and ability to interpret and analyse 
large amounts of data, (2) digital operation of equipment such as ships, cranes, and winches and (3) software 
engineering of fundamental programs and systems (World Maritime University, 2019).  

On the other hand, ports, and port-related services and docker positions, are expected to face a much higher 
degree of automation compared to seafarers’ counterparts, with 90 per cent of task automation is projected 
for crane operators and dockers expected by 2040 (World Maritime University, 2019). According to the World 
Maritime Industry (WMU), in the context of automation, the future skills required in major areas of port 
operations can be categorized as follows: terminal operation, including waterway ship scheduling service; 
foreland transport service, including railway and road transport service connected to the port; hinterland 
transport service, including railway and road transport service connected to the port; and warehouses related 
to the port. 

6.4.1. Changing and emerging professions 

New jobs can be generated in the maritime sector related to IT, remote operations and controls, and data 
analysis. The EU project SKILLFUL identified that the sector lacks a maritime transport and logistics educational 
program resulting in a shortage of engineers (SKILFULL, 2017). Semi and fully autonomous systems in the 
maritime and logistics sectors are expected to be a major development and disruptive technologies toward 
2050. Maritime is under transition and lots of developments are expected in the medium (2030) and long 
(2050) terms with the industry such as Rolls Royce leading the way. The changing and emerging professions 
will require skills related to flexibility and efficiency, negotiation and communication, management and 
customer relationships, and regulation and rules. These professions are highlighted below. 

• Customer service personnel, Customers’ suppliers & Suppliers planning, Custom officials 

• Security Controllers, ITU Security / Cyber Security Manager  

• Security and Cyber Security experts, legal services personnel, and privacy protection specialists 

Safety policies for new vehicles and protection infrastructures will have to be developed in the short to 
medium term. This will have to include security out of the vehicle to ensure secure data transfers. 

When looking at the way automation will reshare maritime industry and workforce, at a broader level, the 
necessity of new skill set arises, focusing on cognitive, social, behavioural, technological, and personal skills. 
Some forecasts aim to provide a multi-dimensional approach to describe future skills required for the maritime 
sector, bringing forward the need of technical competencies, as well as the ability to adapt and efficiently 
communicate (Cicek et al., 2019). A general overview of the competencies required for future maritime 
professionals is presented in the Table 8 below. 

Table 8: Future maritime professional competencies, per category (Cicek et al., 2019) 

Category Competency 
Technical • Operations monitoring and analysing 

• Equipment operation and control 

• Equipment maintenance and repair 
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Category Competency 

• Troubleshooting 

• Information and data processing 

• Programming 

Social • Emotional Intelligence 

• Negotiation 

• Language ability 

• Communication with people 

• Teamwork 

• Collaborating with others 

• Adapting to cultural differences 

• Ability to be compromising and 

cooperative 

• Ability to transfer knowledge 

• Leading and supervising 

Methodological • Creating and Innovating 

• Cognitive ability 

• Problem solving 

• Conflict solving 

• Reasoning and decision making 

• Learning and researching 

• Managing complexity 

• Efficient orientation 

• IT and technological affinity 

Personal • Environmental awareness 

• Safety awareness 

• Legislation awareness 

• Flexibility 

• Ambiguity tolerance 

• Motivation to learn 

• Ability to work under pressure 

• Sustainable mindset  

Changes in human behaviour will be required to effectively interact with autonomous ships and the associated 
support systems, making maritime human–machine interface and the associated human factors critical, 
particularly in high-risk and complicated operations (European Commission, 2021). Additional skills from 
seafarers as well as the need to adapt to changed social working conditions, both on-board and ashore, will 
be required to prepare workers to efficiently handle new technologically advanced equipment and data-driven 
tasks, both on-board and ashore (European Commission, 2021). 
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7. Consultation with stakeholders 

7.1. Consultation with trade unions  

Drive2theFuture aims to cover all the stakeholders that might be impacted by the transition to autonomous 
vehicles and therefore, provides the opportunity to trade unions to represent the voice of drivers in the shift 
towards automation. The scope of the consultation with trade unions is to better understand how workers’ 
unions perceive connected and automated transport systems. This includes discussing expectations for the 
introduction of autonomous and unmanned transport systems (from drones to road and rail automation and 
robots for logistic operations), factors affecting the take-up and acceptance, implications for different 
transport sub-sectors, impacts on employment and skills, certification scheme adaptation for training 
programmes, and potential policy initiatives facilitating the transition. The consultation was conducted via a 
survey and one-to-one interviews based on the same set of questions detailed in the Table 9 and Table 10 
below. Both methods of interviews and online surveys were used to facilitate collection of data in multiple 
languages where necessary. For the interviews, these questions were used to start the discussion on the topic, 
but respondents could go further into each topic if deemed as appropriate.  

Table 9: Trade unions survey questions, for all modes of transport 

General Questions  

1. Which skills do you expect to be in less demand and which ones do you expect to be in more demand 
with the increasing automation and when (short, medium, or long term)? Are you expecting any skills 
shortage in the short, medium, or long term? 

2. Which potential new professions or services do you foresee changing, emerging, or being eliminated with 
the increasing automation and when (short, medium, or long term)? Overall, how do you see the impact of 
increased automation on employment? 

3. How feasible do you see training existing personnel (i.e., current drivers/operators) to be fit for the new 
job (i.e., automated remote controller)? What measures should be in place in order to accompany existing 
personnel through the increasing automation? 

4. How and when do you think training and certification schemes (i.e., driving licenses) will need to be 
adapted to take into consideration higher levels of automation? 

5. Could you point us to any relevant initiatives, working groups, data and information, as well as studies on 
the subject? 

6. How do you see the current automation trends within the sector? How are they perceived by the current 
workers? Which measures would increase workers acceptance of higher automation levels within the 
sector? 

 

Table 10: Trade unions survey questions, mode specific 

Mode Specific Questions  

1. Road: What are your expectations with regards to the timeline for the introduction of connected and 
automated driving (for the different levels of automation)? 

2. Rail: What are your expectations with regards to the timeline for the introduction of autonomous rail 
operations (for the degrees of automation)? 

3. Air: What are the issues you have experienced in relation with certification requirements since the 
introduction of autonomous drones (for the different levels of automation)?  

4. Maritime: What are your expectations with regards to the timeline for the introduction of autonomous 
ships/workboats (for the different levels of automation)? 

 
The perspective of employers’ organizations and trade unions at the European and national level is crucial to 
ensure transport professionals workers are represented in the development and deployment of large-scale 
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automation, raising awareness on the social impact of automation and digitalisation. In addition, workers 
across the sector should be aware of the potential impacts of high-level automation on future skills to allow 
them to prepare as well as to accompany them throughout their careers.  

Following the consultation of trade unions across all transport modes (road, rail, aviation and maritime), the 
answers have been grouped to facilitate the understanding based on 5 central themes (1) Transport 
professionals’ approach to AV, (2) Reskilling of transport professionals, (3) Impact on the profession and 
working conditions (4) Transport professionals’ involvement in AV deployment and (5) Future training and 
certifications needs.  

7.1.1.1. Transport professionals’ approach to AV 

Trade unions have overall provided a cautious yet positive view regarding the impact of the technological 
change taking place in transport sector, which includes automation. However, the views among the workforce 
seem to be split based on the level of qualification.  

On one hand, workers with specific set of qualifications, such as train drivers, are not afraid of the impact of 
automation and openly welcome innovations which have the potential to improve the profession, for instance, 
the work safety of drivers. On the other hand, professionals involved in less complex activities have a higher 
tendency to perceive automation as a threat. For instance, more simple activities (such as the collection of 
data manually) are expected to be endangered by automation, while more complex tasks are expected to 
continue to require human expertise. This gap between simple and complex activities represents the 
difference between the low and high skilled workforce. However, the current general lack of qualified 
workforce across some EU countries helps to reduce workers’ fears of losing their jobs. 

7.1.1.2. Reskilling of transport professionals 

If automation can be considered as a source of uncertainty for certain trade unions, some others refer to 
changes that previously took place across their sector, particularly in road transport. For instance, the removal 
of the second person in the vehicle – the bus attendant, with the role of fee collection – which took place in 
Spain during the 1990s, led to fears regarding the jobs losses this would cause. However, in parallel, the 
implementation of control centres to monitor buses allowed for the creation of new roles in the sector, 
therefore, offsetting potential losses.  
 
Some trade unions however highlighted that a certain number of workers will not be able to or have a more 
difficult time to adapt to automation and digitalisation, which could lead to a gap in opportunities for some 
workers (e.g., low IT skills). It is therefore suggested for a system that can offer a socially bearable solution to 
these workers be established.  
 
The percentage of workers not able of catching up will depend on the speed of the implementation of the 
innovations promoting automation. Road transport trade union emphasized the specificity of fleet renewal, 
considered as capital-intensive and usually performed in batches, as the amortization cycle of buses requires 
time. This dynamic can be expected to modulate the speed of implementation of innovations and provide 
more time for workers to reskill.  
 
Regarding skills themselves, some trade unions brought forward that if technical skills will most likely be 
demanded mostly in the long run, as AV competition and business will need to become profitable. At the initial 
stages, broader skills will be needed, particularly social and communication skills to ease passengers worries 
and insecurity could rise. Re-educating professionals from an early stage and involving existing personnel in 
new activities, as well as involving them in reskilling in a participatory and transparent way is an important 
element brought forward by trade unions consulted.  

7.1.1.3. Impact on the profession and working conditions 

The deployment of automation across the transport sector may lead to changes in the types of activities 
carried out. In the initial stages of AV deployment, companies can be expected to gradually implement first 
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levels of automation, particularly in closed-circuits such as within high tech companies or airports, reducing 
the need of bus transfers and bus-drivers between airport buildings and planes. In the middle-term, transport 
automation could have broader and more extensive impacts, for instance, leading to losses of in- person taxi 
drivers and therefore causing an important job loss globally, especially in cities like New York or Tokyo. On the 
long-term, large-scale AV deployment would lead to a reduction of lorry drivers and public transit officers. 
These shifts in skills and professions could result in the formation and emergence of new professions across 
the digital world which is more accessible and attractive for younger generation. 

Some trade unions are making use of automation deployment across the sector to explore new solutions, such 
as the 4-working days week or taxing robots, to better distribute tasks among workers and better manage the 
expected increase in productivity expected to derive from the expansion of automation. 

Overall, transport workers consulted seem to share limited concerns regarding the negative effect of 
automation across the transport sector and professions. The main concerns of trade unions seem rather to 
focus on the intensification of current working conditions issues such as low salaries, bad work-life balance, 
and dumping, particularly as the implementation of innovations has typically followed a top-bottom approach.  

7.1.1.4. Transport professionals’ involvement in AV deployment  

From the practical point of view, transport workers highlight issues regarding the lack of engagement between 
transport workers and AV developers, resulting in innovations being perceived as coming out of the blue. 
Other common complaints regarding automation deployment are based on the perception that innovations 
are developed as black box over which workers have no control. These perceptions are sometimes coupled 
with the feeling by transport professionals of not being involved in the development process and not being 
treated on an equal footing by researchers and engineers developing these innovations, with researchers and 
experts sometimes even seen as arrogant (“as if they know everything”).  

An alternative proposed by trade unions to overcome this separation between transport professionals and AV 
developers is to further involve the workers in the AV development process, forming groups of workers and 
researchers to allow to work together and exchange their respective information and knowledge. 

Regarding training, more skills on automation and digitalization are required, and training programs focusing 
on specific innovations should start being researched and developed at the same time than AV innovations 
themselves, as well as engaging workers throughout the process. This early engagement has two main goals: 
improving technical upskilling of workers and enabling them to better understand how the innovation works, 
therefore minimising the “black box feeling” previously mentioned.  

In addition, road trade unions have brought forward a specific case in which new purchased buses which 
incorporates new technologies, such as cameras in the vehicle, were presented without previous negotiation 
with workers. This generated distrust in some instances, such as concerns regarding drivers’ privacy. However, 
this was then overcome through the publication of open guidelines regulating the use of recordings and 
cameras. Some trade unions brought up that interestingly, other technologies more linked to automation 
directly. For instance, technologies to prevent unintended change lane, were received positively by certain 
workers, as these innovations directly support the amelioration of working conditions and safety.   

7.1.1.5. Future training and certifications need 

When looking at the training curricula itself, a trade union consulted brought forward the current German 
system for vocational education for rail jobs which includes around 60 occupations and around 500 job 
profiles. If trainings are often comprised of different curricula, specific modules for automation and 
digitalisation should be included across all the job profiles. This should contribute to facilitate the reskilling of 
workforce, particularly, of those whose occupations will become obsolete, therefore, supporting workers to 
be prepared for future emerging occupations.  

In the context of the required upskilling for automation, the boundaries between vocational and university 
education should become more flexible to further motivate and facilitate the training of new workers. This 
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approach should attract more young people to vocational training across all transport sectors, providing them 
with carrier perspectives and tools to upskill throughout their working lives.  

One trade union consulted brought forward obstacles with current certification schemes: training should be a 
3-year vocational programme rather than a rigid training, based on obtaining a specific license plus additional 
course. The introduction of an intensive and more flexible training should provide a solid basis to workers and 
facilitate their upskilling, now and in the future. In addition, the professionalization of the sector should attract 
more people by offering better carrier paths and improving their labour conditions.  

Regarding periodical reskilling, current requirement consists of a short 35 hours course every 5 years as 
condition to renew the license. However, this course does not include any training on automation to this day. 
If reskilling of drivers is needed due to the acceleration of the technological change and the automation, a 
large-scale plan should be developed with support of authorities. 

7.2. Consultation with Members of the EU Parliament  

The consultation with trade unions supported the development of a set of recommendations for certification 
requirements, trainings, and acceptance creation measures to support the large-scale deployment of AV 
across the EU in a way that meets users, professionals, and market needs. These set of recommendations will 
be presented in the following chapter (Chapter 8). To be able to gather feedback from all stakeholders, from 
trade unions to policymakers, a consultation letter was sent to Members of the European Parliament. This 
allowed to gather their input and feedback regarding the next steps to be implemented in the short, medium, 
and long term, and better understand the best ways to set the ground for changes that will be brought by the 
gradual deployment of large-scale AV across the transport sector. 

Policymakers agree with the need for changes in legislation in vigour to ensure that changes taking place in 
the sector, such as automation, are accurately reflected within regulatory frameworks. As technological 
progress needs to be implemented to ensure people´s prosperity, EU and national legislation needs to be 
adapted to best fit future needs. In addition, the harmonisation of certification and trainings for drivers and 
transport professionals across the European Union is very important, if not crucial, and therefore should be 
ensured through legislation at the EU level. In fact, harmonised rules are necessary to ensure uniform 
standards across the EU, as well as interoperability and cross border functionality.   

One respondent highlighted the fact that AV is only one element of the transport profession, integrated with 
other aspects that need to be taken into consideration as well. There remain some issues in terms of working 
conditions and gender unbalance that need to be addressed to help make the sector more attractive. 
Therefore, AV should also be seen under this perspective, and focus on the ways its implementation and 
deployment can contributes to ameliorate working conditions, gender balance, and the overall attractiveness 
of the sector. 

When focusing on the involvement of stakeholders in the deployment of AVs and the development of training, 
policymakers agreed on the need to include all actors in the dialogue related to automation. One respondent 
considered social dialogue as a prerequisite for the uptake and deployment of AV. These sectoral social 
dialogue committees are created in sectors where organisations representing workers and employers in this 
sector jointly indicate they wish to take part in dialogue at EU level. Already established for the different 
transport modes, these committees, among other things, will play a crucial role in addressing the social 
implications of automation in the sector. Furthermore, social dialogue will play an important role in supporting 
the transition of employment.  

In addition, policymakers have brought forward that the highest level of commitment is required at the policy 
level to support the efficient development and deployment of automation and artificial intelligence (AI) across 
the transport market, to ensure the competitiveness of the European market today and in the future. Not only 
will this help support the role of the EU as a strong player in the field and future-oriented services related in 
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AV, but it has the potential to bring notable return in terms of economic development which can benefit all 
players involved, from operators to transport professionals and end-users.  
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8. Recommendations for future training and certification 
requirements  

Due to increasingly rapid and complex technological advancements in the fields of artificial intelligence, 
robotics and operating systems, the large-scale introduction of automation across the transport sector can be 
expected in the near future, starting as soon as the years 2030-2035 (Ecorys, 2020). While in the past, 
automated features mainly concerned the aviation sector where autopilots were implemented and 
normalised since the early 20th century, the current development and deployment of automated features in 
road transport will impact users, vehicles, infrastructure but also business models across all transport modes. 
The technological and industrial large-scale uptake of automated features will enable the sector to carry out 
complex tasks with limited human intervention, open up new business opportunities and models. At the same 
time, it also raises concerns, namely on safety monitoring and on the impact to employment. To ensure that 
the deployment of transport automation and “AI benefits people and society as a whole” (European 
Commission 2018a), it is necessary to facilitate the technological and socio-economic transition and pre-
emptively address challenges that may arise. For this to be possible, changes taking place in the sector should 
be accurately reflected across EU certification and training requirements.  Actions should include updating and 
modernising training and certification systems at the EU level, supporting and anticipating labour market 
transitions as well as facilitating the transition for all actors involved, in line with EU Charter for Fundamental 
Rights (Ulnicane, 2022).  

The development of training schemes across various transport modes in Activity 4.3 provided first layer for 
the development of a set of recommendations geared towards stakeholders and policymakers to best support 
large-scale AV deployment across the transport sector. The following recommendations aim at supporting 
existing and emerging transport personnel (previously detailed in Chapter 6), helping workers adapt to new 
jobs requirements, skills, minimize negative impacts to employment and ensure the safety of transport 
professionals and general public, through a set of changes to EU certification and training schemes. 

Recommendations aim to provide insights on the ways reskilling and training can be developed to support 
transport professionals during the gradual uptake of large-scale automation across the European transport 
sector. These policy recommendations tackle the way EU legislative bodies and operators can support 
traditional and emerging transport professionals by updating certifications and regulations currently in vigour, 
in a way that reflects technological and societal changes taking place in the transport sector. Ensuring up-to-
date certifications and training requirements is crucial to support both professionals and the safe deployment 
of large-scale AV across the EU, supporting and anticipating labour market transitions as well as facilitating 
the transition for all actors involved, in line with EU Charter for Fundamental Rights.  

Thus, our major recommendations are: 

1. Updated legislation: Revise the relevant EU legislation impacting the overall functioning of the road 
transport sector, such as Regulations (EC) 561/2006 and 165/2014 and Directives 2002/15/EC, 
2003/59/EC and 2006/126/EC, to adapt it to technological, behavioural and operational change and 
to modernise the driver´s profession and encourage the roll out of autonomous vehicles on European 
roads 

2. Reskilling and training of drivers: Review and modernise training contents and adapt teaching 
methods to the new operational, social and technological realities, to include both AV operating 
system and soft skills necessary to ensure the safety and public acceptance of vehicle automation. 

3. Reskilling and training of other transport professionals:  Extend the use of relevant training contents 
and teaching methods, for the support of AV operation, to the whole transport and logistics’ chain 
professionals’ workforce. 

4. Funding and training for self-employed and SMEs transport professionals: Provide national and 
European funding to support specialised training and upskilling of self-employed and SMEs transport 



 

D4.3: AV Training certification requirements, acceptance creation 
measures and impact to employment  

September 2022 56 
 

workers, as well as schemes supported by the European Social Fund to assist transport professionals 
displaced by automation. 

5. Support the image of the transport profession: Initiate collaborative awareness creation events 
among social partners, to support the image and flexibility of the transport profession, providing the 
opportunity to mitigate transport labour shortages and gender workforce unbalance. 

6. Develop social dialogue at the EU level: Ensure the presence of transport automation within the 
European social dialogue, by developing collaboration mechanisms between public authorities, 
employers and trade unions to develop a common EU strategy to prepare labour market transition 
and develop a common EU strategy.  

7. Security training: Promote sector-specific cybersecurity trainings and certificates to provide AV users 
and transport professionals with an understanding of the developments and limitations of the AV 
operating systems, to reduce daily risks and threats of external interferences and potential disruptions 
of the network.  

8. Human-vehicle interaction training and certification: Sector-specific standards and guidelines 
regarding human-automation interaction to be adopted at the national and EU level, reflecting the 
changes in the transport sector and applied through consultation with stakeholders, to ensure 
practical day-to-day AV operations. 

9. Adaptive training and certification schemes: Initiate and support consultation with social partners 
and industry stakeholders in developing training methods and contents. Ensure that the needs of the 
future transport labour market are efficiently addressed, through flexible and comprehensive training 
and certifications schemes. 

10. Support transition to employment: Pre-emptively address the technological changes expected in the 
transport sector and identify the skills required for the future workforce, supporting the attractivness 
of the profession.  

8.1.1.1. Updated legislation  

Legislation at EU level will inevitably need to be revised to take into account technological advances in the 
transport sector. In the case of commercial road transport, policymakers should look into adapting the 
following relevant legislation: 

• Regulation (EC) 561/2006 on driving and rest time periods 

• Regulation (EU) 165/2014 on the tachograph 

• Directive 2002/15/EC on hours of work in road transport 

• Directive 2003/59/EC on qualification and periodic training of certain road vehicle 

• Directive 2006/126/EC on driving licences 

Legislation plays a significantly important role in promoting and at the same time regulating elements which 
emerge from higher automation levels. For instance, driving and rest time rules will change as the driver might 
not need to actively drive the vehicle, but will be required to stay behind the wheel until complete automation 
of the vehicle is achieved. This opens up the possibility for driver to take care of other tasks such as completing 
administrative paperwork or infrastructure monitoring. While the driver could be expected to focus on other 
work instead of solely driving, the use of the tachograph might also change. Recording driving and rest time 
should be done according to the SAE automation level which the vehicle is operating under. In general terms, 
the harmonization of legislation at the EU level should allow for a seamless transport operation across borders 
of EU Member States, enabling. This means that vehicles which enable an autonomous driving function in a 
particular EU Member State should be allowed to continue driving autonomously when it crosses a border.  

In addition, the organization of work hours in road transport will fundamentally change. Professional drivers 
and other road transport professionals will have more time to dedicate working on other assignments and 
tasks, due to the higher efficiency of autonomous vehicles and their respective operation. Qualification and 
periodic training should be revised to ensure drivers possess solid knowledge on the vehicle´s operating 
system, including on what it can and cannot do. As road goods and passenger vehicles will have autonomous 
driving functions, professional drivers should be periodically tested to ensure safety on the road.  
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Driving licenses are strongly interlinked to training. As the rollout of autonomous vehicles become more 
prominent, requirements and criteria will need to be adapted. This includes adapting driving competences 
contained in Directive 2006/12/EC. Knowledge about technical aspects of the autonomous vehicle as well as 
knowledge of road traffic regulations, once they include provisions on autonomous vehicles, should be 
mandatory. Moreover, EU Driver Training Directive should progressively be adapted and modernized, to 
better reflect the specificity and the dynamic nature of the transport profession, such as bus, coach and truck 
drivers, and prepare for the challenges of the future (digitalisation, automation, alternative powertrains, 
specific subsectors, specific local needs, etc.). 

Recommendation 1: Revise the relevant EU legislation impacting the overall functioning of the road transport 
sector, such as Regulations (EC) 561/2006 and 165/2014 and Directives 2002/15/EC, 2003/59/EC  and 
2006/126/EC, to adapt it to technological, behavioural and operational change and to modernise the driver´s 
profession and encourage the roll out of autonomous vehicles across European roads. 

8.1.1.2. Reskilling and training of drivers 

The deployment of automation across transport modes will considerably impact employment by shifting the 
skills demanded for various transport professions across the sector. In road transport, the demand for skills is 
expected to shift from driving and manoeuvring activities, towards more supervision, customer service and 
several non-driving related tasks (e.g., administrative tasks). Over time, the role of traditional drivers will 
include a wider range of monitoring and intervention activities (Ecorys, 2020). For this reason, it is suggested 
to adapt the understanding of future goods and passenger transport professionals to fall under the new and 
broader category of “mobility operators”, as their title will need to accurately reflect the changes in the 
industry and the profession brought by technological advancements (Ecorys, 2020). 

Mobility operators will play a crucial role in the future of the passenger transport sector, particularly within 
road and rail passenger transport. Drivers are expected to gradually shift from in-vehicle manoeuvring 
operations to remote control centres monitoring and customer-oriented tasks to ensure passenger support 
and safety inside the vehicles (Ecorys, 2020). Mobility operators will also manage issues and emergencies 
occurring within the vehicle itself, resulting in improved face-to-face customer interaction, helping to meet 
the needs of elderly passengers and people who require assistance. For this reason, the training of mobility 
operators should encompass connected and automated technology as well as customer safety. Training of 
operators constitutes a key component of on-board safety, passenger assistance but also public acceptance 
of automation deployment and proposals to remove transport operators, downgrade them to “monitor” 
status, or to make them remote (Martelaro, 2022). 

Both contents and teaching methods should be reviewed in line with the latest IT, societal and pedagogical 
trends, to ensure both practical skills are being developed but also support the development of an attractive 
life-long learning process, without hampering business. Reskilling and training strategies for drivers should be 
discussed and agreed on as part of collective labour agreement, particularly transport modes where trade 
unions have a relevant presence, such as the rail sector.  

Stakeholders responsible for the reskilling and training of drivers should learn from previous programmes 
developed across different systems. For instance, training of mainline trains for higher GoA should learn from 
programmes developed for GoA 3 and GoA 4 metro lines, as despite the operational and organisational 
differences between mainline and metro systems, the lessons learnt, and good practices developed during the 
implementation of higher GoA metro lines could be helpful for mainline trains as changes in both systems are 
moving towards a stronger focus on supervision rather than on the direct operation of the vehicle. At national 
level, the adaptation of training curricula should not be limited to technical aspects of the operating system, 
but also include soft skills to support the changing roles and professions required in a highly automated 
environment. 

Recommendation 2: Review and modernise training contents and teaching methods to the new operational, 
social and technological realities, to include both AV operating system and soft skills necessary to ensure 
the safety and public acceptance of vehicle automation. 
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8.1.1.3. Reskilling and training of other transport professionals 

Previous EU-funded projects have identified several certification gaps with regards to automation and remote 
controlling (SKILFULL, 2017; Schneider & Queck, 2021). For instance, if the training of pilots of remote drones 
fulfils legislative requirements, there is a lack of training requirements standards for personnel other than the 
remote pilots, in charge of duties essential to the management of the flight. The project identified a lack of 
standards for training requirements and certification gaps for non-regulated professions, such as supporting 
personnel, payload operator or flight dispatcher, with potential implications on the safety of the automated 
transport network as a whole. New training protocols and requirements should consider the ensemble of the 
workforce to promote safety of personnel and passengers. It is recommended to review certification schemes 
for all drivers and emerging professions directly impacted by automation, as well as taking into consideration 
existing professions that will be indirectly impacted by CAD deployment.  

The reskilling and training of other professions other than drivers is especially important as the ICT systems 
and infrastructure will become increasingly complex and interconnected with the intensification of AV 
deployment. If a wide range of professionals will be impacted by automation, they will also play a crucial role 
in ensuring the system´s safety by avoiding external threats that could disrupt the network and transportation 
chains. Relevant reskilling recommendations issued by ongoing EU projects on the topic should be 
implemented in coordination with all the stakeholders involved, including the European Commission and 
national transport authorities. 

The consultation with workers unions further highlights the importance of taking into consideration all 
transport workforces within new training protocols. If technical skills will be in higher demand and required to 
ensure proper AV deployment, soft skills such as effective communication of new safety rules with passengers 
should not be overlooked. 

Recommendation 3: The use of relevant training contents and teaching methods should be extended, for the 
support of AV operation to the whole transport and logistics’ chain professionals workforce. 

8.1.1.4. Funding and training for self-employed and SMEs transport 

professionals  

While large goods transport companies or public transport companies may be in a financial position to provide 
specialised training to their employees or move displaced employees to new tasks, other approaches and tools 
will be needed to support the majority of displaced workers who are self-employed or work for small and 
medium companies (SMEs) with limited upskilling opportunities (Ecorys, 2020). 

Training should support all workers by pre-emptively addressing the changes in the labour market, helping 
transport professionals adapt to the large-scale AV deployment and assist the promotion of skills that will 
required in the sector, to ensure both workers and the industry are prepared and able to adapt to new needs. 
To ensure a level-playing field among operators and drivers, EU funding should be established to support the 
upskilling and training of self-employed and SMEs drivers. Incentives such as personal training budgets and 
personal time allowances for employees could be implemented at the national and EU level to provide 
transport workers the means and necessary incentives to participate in training courses.  

It is important to note that if proper training and awareness of automation is important to ensure safety and 
promote acceptance of AV deployment, it will not be sufficient alone to fully support the transition of all the 
workforce. The development of national and European financial schemes will be crucial to assist the upskilling 
professional working in positions forecasted to be threatened by large-scale AV deployment. Such schemes 
could be supported by the European Social Fund. 

Recommendation 4: Provide national and European funding to support specialised training and upskilling of 
self-employed and SMEs transport workers, as well as schemes supported by the European Social Fund to 
assist transport professionals displaced by automation. 
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8.1.1.5. Support the image of the transport profession 

Vehicle automation has the potential to impact society more broadly, by improving the attractiveness of the 
transport sector, altering the profession´s gender balance, age distribution of employees and transport 
professionals’ income levels (Ecorys, 2020).  

Today’s commercial vehicles are already equipped with numerous automated features and systems on board 
to support driving tasks, whilst under SAE levels 4 and 5, drivers will be present in the vehicle to monitor and 
supervise safety of the vehicle and the environment but will not be actively driving as it is the case today. This 
represents an opportunity for the industry and society to change the perception of the transport industry into 
a modern and future-looking one, in which future “mobility operators” will be exposed and make use of 
technology to shift the work from physical tasks towards more supervision and management tasks (Martelaro, 
2022).  

Today, the global transport industry is facing challenges attracting young professionals and women in the 
industry, particularly in the trucking industry. According to the 2022 IRU Driver Shortage Report, less than 10% 
of employees within the global road transport industry are women. Furthermore, the lack of secure 
infrastructure, the treatment of drivers at delivery site, long periods away from home and the poor image of 
the profession are some of the reasons explaining the low representation of women in the trucking, with 
women representing less than 3% of truck drivers globally. Similarly, women workforce constitutes a minority 
of the workforce within the rail sector, making up only 16% of the industry´s workforce (Randstad, 2019). 
Automation has the potential to support flexibility of the transport profession, notably regarding work shifts 
and spatial mobility, supporting global working conditions and opportunities for gender-balance.  

 

Figure 5: Female truck driver representation in 2021 in the transport industry (IRU Intelligence Report, 2022) 

If properly accompanied and managed, including by social partners, the large-scale deployment of automation 
across the transport sector represents a unique opportunity for the profession to transform itself into a 
modern IT-based mobility and logistics profession, helping to attract both young people and women into the 
sector. 

Recommendation 5: Initiate collaborative awareness creation events among social partners, to support the 
image and flexibility of the transport profession, providing the opportunity to mitigate transport labor 
shortages and gender workforce unbalance. 
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8.1.1.6. Develop social dialogue at the EU level 

The deployment of large-scale AV technology and automation across transport modes, will be one of the 
biggest challenges future employments will face. To facilitate the transition, efforts will need to focus on 
setting up collaboration mechanisms between public authorities, employers, and trade unions. To this end, 
automation, employment, and social impact should be placed on the EU social dialogue agenda. European 
social dialogue is at the heart of EU governance and enables the definition of social standards and future 
agreements, providing the ideal place to hold discussions, negotiations and joint actions that involve 
operators, workers, and authorities. 

A common strategy towards transition should be developed among stakeholders as well as a regulatory 
framework able to address the social impacts linked to the deployment of Connected and Automated Driving 
(CAD) across the transport sector. As deployment of CAD could potentially have adverse effects for workers, 
social contracts should be updated to reflect the new requirements for workers, especially considering that 
the deployment of CAD can result in the displacement of workers. These risks and uncertainties can lead to 
frustrations among workers and conflict between social partners if not addressed. Social dialogue is needed 
among stakeholders to mitigate those risks. The transition should be participatory and social partners should 
make use of existing dialogues to discuss the upcoming transition and create a shared narrative on how to 
tackle it. A collaboration platform between stakeholders regarding the social impacts of CAD could facilitate 
this process, as well as a Framework Agreement on Automation.  

Recommendation 6: Ensure the presence of transport automation within the European social dialogue, by 
developing collaboration mechanisms between public authorities, employers and trade unions to develop 
a common EU strategy to prepare labour market transition and develop a common EU strategy.  

8.1.1.7. Security training  

As increasingly complex information flows are produced, analysed, and exchanged within transport systems, 
the scope of vulnerabilities and threats also increases. The safety of the transport sector and citizens involved 
rests on the ability to protect sensitive information and minimise potential unauthorised access to the 
transport´s ICT components. Within rail, for instance, an attacker with access and knowledge to the railway 
automation systems or routing protocols can use this information to re-route the system to cause conflicting 
routes, collisions, crashes, or even environmental disasters, if chemical trains are targeted. As ICT systems 
deployed within the sector become increasingly complex and interact with additional parts of the transport 
network, unauthorised access to a component of the ICT system could compromise other components of the 
system or even threaten the entirety of the network.  

As the prevalence of new ICT skills in route planning and maintenance activities across the transport sector, 
are expected to further expand over time. Several sub-areas in which ICT plays a crucial role can already be 
identified. For instance, the logistics and planning systems within the maritime sector heavily relies on various 
ICT systems that depend on real-time information issued from various connected components and other 
systems. The consistency and reliability of the data received is crucial to ensure the safety and efficiency of 
logistics operations for both goods and passenger transport. A disruption or interruption of port operations 
could cause important financial losses, severe interruption in the entire supply chain, but also greatly affect 
national health, economy, safety, and security (Pyyko, 2020). 

To ensure the safety of the transport network itself as well as all the passengers and goods involved, security 
training should be included in all ICT and transport certification aspects, to meet security requirements. 
Specific training should be organised to include hands-on training with realistic cyber exercise scenarios that 
cover different levels of interactions and triggers in information technology (IT) and operational technology 
(OT) environments to help transport professionals identify, prevent and handle threats in daily activities 
(Pyykko, 2020).  

Research conducted by the European Union Agency for Cybersecurity (ENISA) shows that basic cybersecurity 
training on software updates and patching can greatly reduce cyber risks (ENISA, 2016). In addition, adequate 
cyber security training and information security awareness should be conducted regularly, to take care of 
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password policies and avoid human based mistakes that could open the network to external cyber threats and 
potentially disrupt the system. 

The deployment of AV simulations and trainings, destined to both transport professionals and public users, 
can provide a safe and effective way to develop familiarity with AV vehicles within a controlled and confined 
environment, to support safe technological AV innovation, as well as familiarity with vehicles and their 
operations. This will play an important role in generating dialogue, public acceptance and trust in view of large-
scale AV deployment.  

Recommendation 7: Promote sector-specific security trainings and certificates to provide AV users and 
transport professionals with an understanding of the developments and limitations of the AV operating 
systems, to reduce daily risks and threats of external interferences and potential disruptions of the network.  

8.1.1.8. Human-vehicle interaction training and certifications 

If automation technology and features have considerably developed over the past years, technical failures 
cannot yet be completely excluded, especially at the first stages of large-scale high and full automation 
deployment. To ensure the safety of AV deployment and the development of widespread public acceptance, 
it is necessary to provide a fallback layer of protection that ensures minimal risk conditions, in case of internal 
AV system failure or failure falling outside the system´s scope (poor weather conditions or other 
unprecedented events). If high-level automation is currently being successfully deployed in closed systems 
such as metro networks, the level of complexity and risk increases when moving to open road systems. The 
constant interferences among infrastructure, vehicles and vulnerable users within open urban environments 
constitutes a technical and operational challenge for safe AV vehicle navigation (Martelaro, 2022).  

For this reason, the presence of on-board elements enabling human control in case of emergency may 
continue to be required, even as automated vehicle capabilities are being incorporated within open road 
transit vehicles. Without proper training, operators will however be unlikely able to efficiently respond to 
challenging and high stress situations. Therefore, it should be ensured that the full benefits of automation can 
be realised, training and expertise should be provided to transport operators to respond accordingly in 
challenging situations.  

The development of training to educate transport professionals, as well as the general public, on the fall-back 
and take-over procedures in case of internal or external systems failures, is required to ensure operators are 
aware of technicalities and prepared in case of take-over. This might involve instruction on computational 
reasoning often invisible to human workers who may currently be less inclined to take actions.  For instance, 
operators should understand why a vehicle may have stopped suddenly, to only override when it is most safe. 
The development and deployment of training is necessary to ensure efficient human-automation teaming, 
proper understanding around the complexities that automation brings even to simple low-speed situations 
and avoid the degradation of worker´s driving skills when they are needed, also called “skills atrophy” 
(Martelaro, 2022). 

Recommendation 8: Sector-specific standards and guidelines regarding human-automation interaction to 
be adopted at the national and EU level, reflecting the changes in the transport sector and applied through 
consultation with stakeholders, to ensure practical day-to-day AV operations. 

8.1.1.9. Adaptive training and certification schemes 

If automation has the potential to alleviate existing challenges, the transition may be disruptive for workers 
that do not receive the necessary training to work in new automated environments and networks. Training 
methods should be improved by having short progressive ‘booster’ courses using flexible educational formats 
to stimulate retention of existing personnel. Online learning and free platforms as well as simulations based 
on the actual needs of the future skills and labour market needs, providing workers the access efficient 
situational-based learning opportunities. 
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Training activities are a powerful tool to increase awareness, sense of security and confidence in AVs for 
passengers, operators, and professional drivers, regardless of the means of transport used. In general, all users 
reached in the Drive2theFuture project´s pilot, agreed on the need for training prior to the interaction AV 
vehicles. 

The consultation of workers’ unions highlighted the importance of including workers feedback and experience 
in the design (user interface and content) and development of training content. Both employers and 
employees within the sector should have the opportunity to engage in the development of training and 
certification schemes. Notably, the involvement of workers in the development of training is expected to lead 
to higher understanding and completion of the training as well as higher acceptance rate of large-scale AV 
deployment. 

The introduction of an intensive and more flexible training should provide a solid basis to workers and facilitate 
their upskilling, now and in the future. In addition, the professionalization of the sector should attract more 
people by offering better carrier paths and improving their labour conditions.  

Additional courses consisting of small learning units, from five to ten minutes each, could be offered to 
workers to be able to adapt to their schedules. These should provide a clear introduction to autonomous 
vehicles and how they work, as well as providing an overview of the changes in the labour sector, to assist the 
workforce in the transition and provide clarity regarding qualifications, needs and learning outcomes. 

Recommendation 9: Initiate and support consultation with social partners and industry stakeholders in 
developing training methods and contents. Ensure that the needs of the future transport labour market are 
efficiently addressed, through flexible and comprehensive training and certifications schemes. 

8.1.1.10. Support the transition and access to the profession   

Forecasts addressing the impact of automation on employment impacts widely differs depending on the 
scale and scope of technology adoption. If some studies expect automation to create 9,221 additional jobs 
per year (Haratsis, 2018), others expect the creation of 600,000 new jobs and the displacement of 900,000 
employment in the taxi and bus sector (Ecorys, 2020).  

It is however crucial to highlight that the mass entry of automation in the road transport sector coincides 
with the increase in driver age and the intensification of driver shortage currently experienced across Europe 
(Ecorys, 2020). With average age of slightly below 50 (47%) for the trucking sector in Europe and generally 
above 50 and increasing for the bus and coach sector, a large majority of the professional drivers in Europe 
are expected to be approaching retirement age in 2030-2035, coinciding with the forecasted introduction of 
large-scale automation deployment in the transport sector.  

New transport professionals to be recruited and trained in the years to come will already need to fit new 
profiles expected to become predominant under automation. As a result, focus and urgency should be placed 
on providing well-studied and established forecasts on drivers’ profiles for the coming 3-5 years. This will 
enable the industry to start recruiting the right profiles and signal transport professionals the future needs 
and requirements of the future professional sector´s market. Furthermore, based on these new profiles, the 
entire driver training curriculum has to be adapted and overhauled to reflect future transport sector´s 
characteristics and needs. 

In the rail sector, the process of harmonisation of certifications at European level has centred mainly on train 
drivers so that they can fulfil a minimum set of requirements to be capable of driving in rail networks from 
other countries. Currently, the framework created by the EU for the harmonisation of certification schemes 
does not include specific content related to automation and it is unclear if additional steps will be taken in this 
direction, despite the introduction of a trans-European signalling and control traffic system and backbone of 
the strategies for high GoA, which has facilitated a certain level of harmonisation for drivers.  

Simplify and streamline the path to becoming a professional driver, by adapting both legislation and training 
to the specificities of the transport profession, and removing, in the medium-term, the legal, administrative 
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and financial barriers, including from school to wheel. Meanwhile, focus should be put on attracting 
increasingly diverse populations, in particular, young people, women, and immigrants legally residing in EU 
Member States. 

Recommendation 10: Pre-emptively address the technological changes expected in the transport sector and 
identify the skills required for the future workforce, supporting the attractivness of the profession.  
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9. Conclusions 

Automation of vehicles and operating systems is currently taking place across the transport sector to assist 
driving tasks, with new commercial vehicles increasingly integrating automated driving system (ADS) features. 
AV deployment is notable within all modes, namely the deployment of automated aircrafts and drones within 
aviation, the implementation of Automatic Train Protection (ATP), Automatic Train Operation (ATO) and the 
deployment of driverless metro lines across the rail sector, and the automation of maritime fleets, 
components and operations.  

Autonomous vehicles have the potential to considerably shift mobility, opening up the sector to new 
opportunities for the deployment of safe, interconnected, efficient and greener transport networks. However, 
as vehicles and operating systems are increasingly integrating AV components, EU transport regulatory and 
certification framework will need to be adapted to new driving technologies and needs, with the goal to ensure 
the development of drivers, public trust and reliability of the transport network. 

An overview of main EU certification schemes in vigour across the transport sector has been carried out within 
this document, looking among other certificates, at the EU Driving license (CDC), Certificate of Professional 
Competence (CPC) for professional drivers, certification for train drivers, signallers, pilot and aircrew 
certification, Unmanned Aircraft Systems, seafarer´s and professional qualifications in inland navigation 
certificates, to identify main common requirements. Overall, transport certification characteristics mainly 
focus on the type of vehicle and on the basic physical and mental conditions necessary for drivers to safely 
drive across the various environments.  

As the share of vehicle automation becomes higher and technology continues to progress, the responsibility 
of driving tasks will increasingly shift from the human driver to the vehicle itself, making it crucial to start 
considering ways to complete current driving requirements and certificates for drivers with new 
characteristics of the operating system. If there are some elements of automated functionalities already 
present within EU frameworks (e.g. Regulation (EU) 2019/947 for Unmanned Aircraft System (UAS)), the 
adaptation and development of regulatory framework able to integrate and keep pace with rapidly evolving 
technological AV developments is needed. 

In addition of updating the certificates, training and regulatory framework to the needs of large-scale AV 
deployment, it is central to take into account the development of user acceptance. A comprehensive 
understanding of the elements that influence user acceptance of AVs is in fact crucial to pursue and ensure 
the successful penetration of AV technologies in the EU market. Public acceptance of AVs is strongly 
dependent on the capability of AVs to meet existing mobility needs of individuals. Although many pilot 
experiments with autonomous shuttles have been conducted, these AV shuttles should be easy to use and 
compatible with users´ mobility routine and needs, to effectively address eventual concerns about safety, 
security, usability, accessibility, and comfort, particularly for first time users. The pilots developed in the frame 
of Drive2thefuture have confirmed that once users learn to interact with the AV, their level of acceptance 
increases. Therefore, there is a need to offer training systems that allow all types of users to become increasing 
familiarized with them to support widespread acceptance. When this cannot be accommodated in real-life 
experience, a virtual simulated environment is a scenario considered positively by users, as they have stated 
to feel comfortable during their experience and in adapting to the virtual environment. 

The transport sector remains the major provider of jobs in Europe, with over 10.8 million people employed in 
transport occupations in the EU in 2020 (Eurostat, 2021), making it therefore essential to keep track of 
technological trends both on a short or long-term basis, to anticipate the potential impact of AV deployment 
on employment. However, with the rapid ageing of the profession experienced across the sector showcases a 
lack of attractiveness of the profession. Vehicle automation therefore opens a new opportunity to directly 
address the shortage of labour in the sector across the EU, which is forecasted to continue to increase, 
including to resolutely improve the image of the profession and its attractiveness. In fact, the literature 
analysis carried out in this document shows that the introduction of AVs provides the opportunity to ensure 
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better working conditions and create a more attractive workplace, by raising skill levels and thereby salaries, 
reducing the physical demandingness, broadening the required skillset and facilitating more flexible working 
hours (e.g., remote working) in the long-term.  

Large-scale AV deployment across the EU transport sector automation may notably shift the types of skills and 
jobs required the extensive literature carried out throughout this document, identified a set of future jobs 
requested across the transport sector, namely, across information technology (IT), system engineering, 
remote automated vehicle operators, big data analysis, security and cybersecurity experts and controllers. 
However, if new skills required will be linked to automation and technology, there will be an important need 
of soft skills, project management and leadership skills, particularly as the profession. As drivers are expected 
to gradually shift from in-vehicle manoeuvring operations to remote control centres monitoring and customer-
oriented tasks to ensure passenger support and safety inside the vehicles, creating a broader profession that 
can fall under the “mobility operator” category, with professionals able to manage issues and emergencies 
occurring within the vehicle itself, resulting in improved face-to-face customer interaction. 

When focusing on the involvement of stakeholders in the deployment of AVs and the development of training, 
both policymakers and social partners agreed on the need to include all stakeholders in the dialogue related 
to automation. Social dialogue is in fact seen as a prerequisite for the uptake and deployment of AV. Dialogue 
between workers and employers at EU level, which is already established for the different transport modes, 
will play a crucial role in addressing the social implications of automation in the sectors well as supporting the 
transition of employment. In addition, policymakers have brought forward that the highest level of 
commitment required at the policy level to support the efficient development and deployment of automation 
and artificial intelligence (AI) across the transport market, to ensure the competitiveness of the European 
market today and in the future. Not only will this help support the role of the EU as a strong player in the field 
and future-oriented services related in AV, but it has the potential to bring notable return in terms of economic 
development which can benefit all players involved, from operators to transport professionals and end-users.  
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Annex 1 

Existing certification schemes, Road transport Certification Schemes, Regulations for Drivers 

 
Category Technical characteristics Age and skills requirements 

AM Two-wheel vehicles or three-wheel vehicles 
with a maximum design speed of not more 
than 45 km/h 

Minimum age is 16 years. Member States 
may raise or lower the minimum age to 14 
years or up to 18 years. Applicants must have 
passed a theory test. Member States may 
require to pass a test of skills and behaviour, 
and a medical examination.  

A1 Motorcycles with a cylinder capacity not 
exceeding 125 cubic centimetres, of a power 
not exceeding 11 kW and with a 
power/weight ratio not exceeding 0,1 kW/kg, 
and motor tricycles with a power not 
exceeding 15 kW 

Minimum age is 16 years. Member States 
may raise the minimum age up to 17 or 18 
years if there is a two years difference 
between the minimum age for category A1 
and the one of A2, or if there is a requirement 
of two years’ experience on category A2 
before access to the driving of category A. 
Applicants must have passed a test of skills 
and behaviour, and a theoretical test and 
meet medical standards.  

A2 Motorcycles of a power not exceeding 35 kW 
and with a power/weight ratio not exceeding 
0,2 kW/kg and not derived from a vehicle of 
more than double its power 

Minimum age is 18 years. Applicants must 
have passed a test of skills and behaviour, and 
a theoretical test and meet medical standards 

A  All motorcycles and motor tricycles. Minimum age is 20 years with a minimum of 
two years’ experience on motorcycles under 
an A2 licence, OR minimum age is 24 years 
with no prior experience. 
Minimum age for motor tricycles exceeding 
15 kW is 21 years. 
Applicants must have passed a test of skills 
and behaviour, and a theoretical test and 
meet medical standards 

B1 
(optional) 

Quadricycles Minimum age is 16 years. Member States 
may raise the minimum age to 18 years. 
Applicants must have passed a test of skills 
and behaviour, and a theoretical test and 
meet medical standards 

B Motor vehicles, which may be combined with 
a trailer, with a maximum total authorised 
mass not exceeding 3500 kg and designed and 
constructed for the carriage of no more than 
eight passengers in addition to the driver.  

Minimum age is 18 years; a training has been 
completed, or a test of skills and behaviour 
has been passed. Member states may also 
require both such training and the passing of 
a test. Member States may lower the 
minimum age to 17 years.  
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Category Technical characteristics Age and skills requirements 

BE Combination of vehicles consisting of a tractor 
vehicle in category B, and a trailer or semi-
trailer with maximum capacity of 3500 kg.  

Minimum age is 18 years. Conditions for 
category B must be met. Member States may 
lower the minimum age to 17 years. 
Applicants must have passed a test of skills 
and behaviour, and a theoretical test and 
meet medical standards 

C1 Motor vehicles other than those in categories 
D1 or D, the maximum authorised mass of 
which exceeds 3 500 kg, but does not exceed 
7 500 kg, and which are designed and 
constructed for the carriage of no more than 
eight passengers in addition to the driver; 
motor vehicles in this category may be 
combined with a trailer having a maximum 
authorised mass not exceeding 750 kg 

Minimum age is 18 years. Applicants must 
have passed a test of skills and behaviour, and 
a theoretical test and meet medical standards 

C1E Combinations of vehicles where the tractor 
vehicle is in category C1 and its trailer or semi-
trailer has a maximum authorised mass of 
over 750 kg, or the tractor vehicle is in 
category B and its trailer has an authorised 
mass of over 3500kg, provided that the 
authorised mass of the combination does not 
exceed 12 000 kg 

Minimum age is 18 years. Applicants must 
have passed a test of skills and behaviour, and 
a theoretical test and meet medical standards 

C Motor vehicles whose maximum authorised 
mass is over 3 500 kg and which are designed 
and constructed for the carriage of no more 
than eight passengers in addition to the driver; 
motor vehicles in this category may be 
combined with a trailer having a maximum 
authorised mass which does not exceed 750 
kg 

Minimum age is 21 years. Member States 
may lower the minimum age to 18 years with 
regard to vehicles used by the fire service and 
for maintaining public order, and those 
undergoing road tests for repair or 
maintenance. Applicants must have passed a 
test of skills and behaviour, and a theoretical 
test and meet medical standards 

CE Combinations of vehicles where the tractor 
vehicle is in category C and its trailer or semi-
trailer has a maximum authorised mass of 
over 750 kg 

Minimum age is 21 years. Applicants must 
have passed a test of skills and behaviour, and 
a theoretical test and meet medical standards 

D1 Motor vehicles designed and constructed for 
the carriage of no more than 16 passengers in 
addition to the driver and with a maximum 
length not exceeding 8 m; motor vehicles in 
this category may be combined with a trailer 
having a maximum authorised mass not 
exceeding 750 kg 

Minimum age is 21 years. Applicants must 
have passed a test of skills and behaviour, and 
a theoretical test and meet medical standards 

D1E Combinations of vehicles where the tractor 
vehicle is in category D1 and its trailer has a 
maximum authorised mass of over 750 kg 

Minimum age is 21 years. Applicants must 
have passed a test of skills and behaviour, and 
a theoretical test and meet medical standards 
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Category Technical characteristics Age and skills requirements 

D Motor vehicles designed and constructed for 
the carriage of more than eight passengers in 
addition to the driver; motor vehicles which 
may be driven with a category D licence may 
be combined with a trailer having a maximum 
authorised mass which does not exceed 750 
kg 

Minimum age is 24 years. Member States 
may lower the minimum age to 21 years with 
regard to vehicles used by the fire service and 
for maintaining public order, and those 
undergoing road tests for repair or 
maintenance. Applicants must have passed a 
test of skills and behaviour, and a theoretical 
test and meet medical standards 

DE Combinations of vehicles where the tractor 
vehicle is in category D and its trailer has a 
maximum authorised mass of over 750 kg 

Minimum age is 24 years. Applicants must 
have passed a test of skills and behaviour, and 
a theoretical test and meet medical standards 

* Driving licenses issued to persons at a lower age than set out by EU legislation shall only be valid on the territory of the 

issuing Member State until the license holder has reached the required minimum age limit, unless another Member State 
recognises the validity on their territory of driving licenses issued to drivers under the regular minimum age 
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List of publications and documents for the literature review on acceptance creation measures 
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