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EXECUTIVE SUMMARY 
 
 
WE-TRANSFORM is an EU funded coordination and support action aiming to apply a participatory approach, 
using Collective Intelligence (CI) to generate an evidence-based and action-oriented agenda to research, 
formulate and prioritize the challenges connected to the effects of automation on the transport labour market, 
on future working conditions and on skills requirements. The first technical activity of the project is to collect 
and analyse research actions and initiatives implemented by national, EU and non-EU projects, but also in 
other countries from all over the world, related to transport automation for all modes of transport and sectors 
(both passenger and freight), and to other automation-driven transitions (e.g., manufacturing, construction 
etc.). The objective of this deliverable is twofold. Firstly, to outline a comprehensive list of research projects 
and initiatives related to automation in the transport and selected other sectors. A similar list has been devised 
for operational systems. Selected transitions/innovations are presented as best practices. Secondly, to present 
the results from the state-of-the-art review performed on a vast number of research efforts (articles) and other 
documents related to the effects and impacts of digitalisation and automation on the workforce using the 
Artificial Intelligence tool developed for this purpose. 
 
The state-of-the-art review on the impacts on automation and digitalisation on the workforce revealed that the 
most important impact is the job losses, displacement, or destruction. Some organisations agree that in 
transport more than 50% of jobs will soon be automatable or are likely to be displaced due to automation in 
the future. The literature ñagreesò that workers with low qualifications, low-skilled, with low education and older 
ones are more exposed to automation and their jobs are at higher risk. On the contrary, well educated, high 
skilled and younger workers are less exposed to automation and their jobs are more secured. Another common 
finding in most of the literature is that job tasks that will experience growth in the coming years require skills 
related to data analytics, digital creativity and innovation, artificial intelligence, robotics, active learning, 
complex problem-solving, and others. On the other hand, jobs that involve repetitive, rules-based, structured, 
and routine tasks (either manual or cognitive) as well as customer interface/care are at high risk of being 
replaced by automated systems. 
 
The state-of-the-art review also found 32 European research projects, either completed in the last 7 years or 
in progress, 27 cases/systems operating in the transport, manufacturing, construction, and in the wholesale 
and retail trade sectors, as well as 28 initiatives from Europe, USA, Australia, and Japan. The review on 
transport automation has revealed very interesting systems/cases, but also very promising research results. 
Concerning research, most of related activities refer to the automotive industry and especially to the 
automated/autonomous vehicles (cars, ships, and rail wagons). As regards the variety of initiatives identified 
(non-research projects, platforms, actions, and programs), most of them address the automotive and urban 
mobility sectors. The review has identified five key application areas of automation and digitalization in the 
transport sector: Metro (Underground), Container terminals, Airports, Intralogistics, and Driving; these are the 
transportation infrastructures and fields with the highest degree of automation and digitalisation penetration in 
relation to other areas. 
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1. INTRODUCTION 
 
 
The high-level objective of WE-TRANSFORM is to promote collectively prioritized themes on the future of jobs 
and working conditions across all existing and evolving transport modes by considering the digitalisation and 
automation processes that are occurring and are expected to occur within the transport sector. In doing so, 
WE-TRANSFORM addresses a main concern raised by the ECôs White Paper (2011): ñlabour and skill 
shortages will become a serious concern for transport in the future. It will be important to align the 
competitiveness and the social agenda, building on social dialogue, in order to prevent social conflicts, which 
have proved to cause significant economic lossesò. To achieve this objective, three specific sub-objectives 
have been identified, namely: 
 

¶ to set up and foster a collaborative platform for the discussion of the effects of automation on transport 
labour with relevant stakeholders. This will be done mainly by establishing a cross-national living hub ï 
meant as an inter-continental European-based platform that also captures Japan, Canada, USA, and 
South Korea ï that will encapsulate of the key stakeholders of all transport modes, researchers, decision 
makers, trade unions and workersô associations; 

 

¶ to co-create user-friendly and shareable knowledge related to automation impacts on transport labour. 
The aim is to assess the impacts on workers within all transport modes and related sectors 
(indirect/induced effects), with attention to specific categories, such as women and people with disabilities, 
and to gain a sound understanding and insight into the factors which can drive automation-driven 
transitions. Such knowledge includes not only actions and initiatives related to transport automation and 
best practices of previous automation-driven transitions, but also those barriers, needs, skills and 
challenges which are required to have a solid grounding to contrast the negative aspects of automation 
(see below). With its shared and participatory approach derived from the cross-national living hub and the 
use of Collective Intelligence (CI), WE-TRANSFORM envisages being a breakthrough in changing 
governance, founded upon the ñwisdom of the crowdò. To do that, Artificial Intelligence (AI) and machine 
learning methods will be tested to gather and analyse all the existing literature, reports, studies activities 
and H2020 R&I projects, case studies and data across the world on the impacts of automation on the 
labour force in the transport sector; 

 

¶ to enable and support durable and effective dialogue on innovation and the reality of workforce 
requirements and conditions. Identified stakeholders will use CI to co-design a comprehensive, evidence-
based, action-oriented, appropriate agenda to minimize the potential negative effects of automation on 
labour force. The identified solutions will not be simply based on forecasts or simulated scenarios. 
Extreme events and discontinuities are becoming more common and, by their nature, these events are 
uncertain and unpredictable. Therefore, the prediction on past knowledge seems less useful than a 
continuous adaptation and adjustment to the unpredictable events. Moreover, a business model which 
includes a multiannual financial plan to make the living hub perennial beyond the duration of this project 
is foreseen. 

 
Eventually, WE-TRANSFORM aims at establishing a durable, openly shared platform of knowledge on the 
effects of digitalisation and automation on transport labour and to ensure durable and effective innovations 
matching the evolving reality of workers. This will be done by formalizing methodologies and tools in 
collaboration with research laboratories, industrial actors, and social partners at EU level and overseas (Japan, 
Canada, USA, and Korea). 
 
Thus, the main keywords of the projects, together ñworkforceò, are digitalisation and automation; so, it is 
important to clarify their meaning. The international literature contains a variety of formal and informal 
definitions of the terms óDigitalizationô and óAutomationô. Such concepts are the core focus of the project, thus, 
before presenting the state-of-the-art review results of the applications of digitalisation and automation 
primarily on the transport sector, their definition is provided below. 
 
óDigitalisationô is the process of introducing digital components into systems and processes thereby enhancing 
or replacing physical components by electronic systems (e.g., steer-by-wire) (Rodseth and Nordahl, 2017). 
According to the Oxford English Dictionary (OED), the term ódigitalisationô is defined as ñthe adoption or 
increase in use of digital or computer technology by an organization, industry, country, etc.ò. Often the term 
ódigitalisationô is confused with the term ódigitisationô. Brenner and Kreiss (2014) refer to ódigitisationô as ñthe 
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material process of converting individual analogue streams of information into digital bitsò and they understand 
digitalisation as ñthe way in which many domains of social life are restructured around digital communication 
and media infrastructuresò. 
 
The term óautomationô describes processes and systems i.e., mechanical devices or electronic devices, which 
are often computerized and that execute certain operations by a specific method without human control, but 
which are often supervised by humans. If the system has control functions that can use different options to 
solve selected classes of problems, the system is said to be autonomous (Rodseth and Nordahl, 2017). 
According to Gerovitch (2003), Automation is the conversion of a work process, a procedure, or equipment to 
automatic rather than human operation or control. Automation does not simply transfer human functions to 
machines, but involves a deep reorganization of the work process, during which both the human and the 
machine functions are redefined. Early automation relied on mechanical and electromechanical control 
devices; during the last 40 years, however, the computer gradually became the leading vehicle of automation. 
Modern automation is usually associated with computerization. 
 
Schumacher et al. (2016) performed a literature review on the terms ódigitalisationô, ódigitisationô and 
óautomationô and prepared a table summarizing their description, focus areas and effects. From their table 
below we present only the terms ódigitalisationô and óautomationô, since digitisation is not the scope of this 
project. 
 
Table 1: Aspects of digitalisation and automation 

 Digitalisation Automation 

Description Describes the social implications of increased 
computer-assistance, new media and 
communication platforms for economy, society, 
and culture. 

Describes the implementation of technology, 
software, and programs to accomplish a 
procedural outcome with little or no human 
interference. 

Focus areas / level 
of analysis 

Macro level; digital media infrastructure; 
communication platforms; social structure; 
cultural aspects, networked society; human 
centred; knowledge production and 
management 

Systemic view; automation of analyses/ 
decision processes or actions; program 
instructions; control and monitoring; 
utilization of electrical/mechanical/thermal 
and light-power for automation; Sensor/ 
Actuators for process control 

General 
implications / effects 

Linkage of all activities in society; connection 
and circulation of cultures; information as 
organizing mode of social life; convergence of 
all aspects of life (connected life);  
convergence of media infrastructure towards 
universal communication platforms; non-
physical market economy emerges; new media 
as main determinant of economy; reciprocal 
effects of digital communication and 
globalization; increased participation of 
individuals in decision making; collective action 
in decentralized systems; increased monitoring 
and surveillance; jurisdiction and governance 
of knowledge 

Empowering of processes to act without 
human interference; automation of physical 
tasks or information handling automated 
monitoring and decision making; partly or full 
substitution of human labour; increased 
human-machine interaction; automation as 
enabler of integration; problem of process 
transparency and understanding 

 
Source: Adapted from Schumacher et al., 2016 in a more readable form. 
 
In addition to the introductory chapter, three more chapters compose the deliverable: 
 
Chapter 2, which includes the objectives and methodology adopted for approaching and implementing the 
state-of-the-art on digitalisation and automation, and their impacts on the workforce. It contains the selection 
and allocation of the sectors reviewed, the methods used for collecting and analysing the various 
documentation, a short presentation of the Artificial Intelligence tool developed, and the outcome in the context 
of this deliverable of the first workshop organised in June 2021. 
 
Chapter 3 is the core section of this deliverable which contains the results of the state-of-the-art review on (a) 
research projects and initiatives as well as operational systems on the transport and selected other sectors, 
and (b) the impacts of automation and digitalisation on the workforce. It also presents the key results and 
findings of the workshop of the project. 
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Chapter 4 is the final section of the deliverable containing the most important findings from the review of the 
effects and impacts of digitalisation and automation on the workforce, a short overview of the key automation 
areas as derived from the respective state-of-the-art review, and final concluding remarks. 
 
The deliverable also contains four Annexes: 
 

I. WE-TRANSFORM Questionnaire for Partners 
II. WE-TRANSFORM AI Tool Search Results 
III. Review results of Research Projects, Initiatives and Systems 
IV. Best Practices 
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2. OBJECTIVES AND METHODOLOGY 
 
The first technical activity of the project is to: 
 

¶ create an inventory of research articles, scientific papers, reports, on the outcomes of relevant initiatives, 
workshops and conferences carried out globally (effect of digitalisation and transport automation on the 
labour force and the workforce skills and training needs required); 

¶ analyse the qualitative and quantitative data regarding all transport modes (passengers and freight) both 
in urban, rural, and cross-border contexts. In this respect, other sectors which have already faced the 
automation-driven transitions to find out best practices and understand if these can be transferred to the 
transport sector will be examined; 

¶ co-create knowledge, collect, and analyse data from the Stakeholders Forum established in the 
beginning of the project. Special attention will be given to find out outcomes related to gender 
differences, disadvantaged people, and those with disabilities. 

 
Towards meeting the above objectives, an important activity is to collect and analyse research actions and 
initiatives implemented by national, EU and non-EU projects, but also in other countries from around the world, 
related to transport automation for all modes of transport and sectors (both passenger and freight), and to 
other automation-driven transitions (e.g., manufacturing, construction etc.), as well as to review the various 
research efforts, reports, studies and policy documents reporting the effects and impacts of digitalisation and 
automation on the workforce. Thus, this deliverable has a twofold objective: 
 

¶ to outline a comprehensive list of research projects and initiatives related to automation in the transport 
and selected other sectors. A similar list has been devised for operational systems. Selected 
transitions/innovations are presented as best practices; 

¶ to present the results from the review performed on a vast number of research efforts (articles) and other 
documents related to the effects and impacts of digitalisation and automation on the workforce using 
the Artificial Intelligence tool developed for this purpose. 

 
The two objectives are totally related in the sense that the research projects and initiatives review will also 
provide possible effects of these projects on the workforce keeping always in mind that the effects of 
digitalisation and automation on the workforce is the core aim of the entire project. 
 
The activities carried out for the collection and analysis of research projects as well as selected operational 
cases in the transport and other sectors were distinguished into three stages, as presented in the Table 2. The 
three stages are further elaborated below. 
 
Table 2: Stages of the state-of-the-art review and analysis implementation 

Stage Activities 

1. Design 

In this design stage, the partners identified the sectors that will be 
reviewed and the sources to be used, they developed the Artificial 
Intelligence (AI) tool, and they planned the workshop that was also 
used for additional information collection. 

2. Collection 

In this stage, the partners performed the collection of material of 
different type (e.g., papers, reports etc.) for the sectors defined in 
the previous stage, using both the AI tool and the partnersô search. 
Furthermore, the workshop was organised. 

3. Analysis 

The analysis of the collected information and knowledge included 
a classification of the collected automation cases taking into 
account primarily the sectors, as well as impacts of automation on 
the workforce. 

 
The activities in the three stages and their flow are presented in the diagram depicted in Figure 1 and are 
described in the next sections. 
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Figure 1: Scheme of methodological approach for the state-of-the-art review 

 

2.1 Design stage 
 
The first step includes five main activities: a) the selection of sectors and their allocation to the partners; b) the 
identification of sources used and type of material to be collected; c) the design of the questionnaire; d) the 
development of the AI tool; and e) the planning of the first workshop of the project. 
 
2.1.1 Sectors selection, classification, and allocation 
 
It was an important decision of the WE-TRANSFORM project that the state-of-the-art review will include 
research actions and initiatives implemented by national, EU and non-EU projects, but also in other countries 
all over the world, related to transport automation for all modes of transport and sectors (both passenger and 
freight). Other automation-driven transitions from other sectors of the economy, such as manufacturing, 
construction and finance will also be included in the review. Therefore, other sectors besides transport were 
also included in the collection stage. Apart from transport, it was impossible to review all the industrial sectors 
and it was subsequently decided that the ones with the highest rates of automation would have been 
addressed. According to PwC (2018), the following classification presents the share of jobs with potential high 
automation rates by industry: 
 

¶ transportation and storage; 

¶ manufacturing; 

¶ construction; 

¶ administrative and support service; 

¶ wholesale and retail trade; 

¶ public administration and defence; 

¶ financial and insurance; 

¶ information and communication; 

¶ professional, scientific, and technical; 

¶ accommodation and food service; 

¶ human health and social work; 

¶ education. 
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Furthermore, the entire transport sector was categorised in sub-sectors as follows: 
 

¶ passengersô mobility (including road and rail); 

¶ logistics and supply chain (including road and rail); 

¶ ports (infrastructure); 

¶ airports (infrastructure); 

¶ air transport (operations for both passenger and freight); 

¶ shipping (operations for both passenger and freight); 

¶ automotive. 
 
As a result, the following sectors were included in the state-of-the-art review and analysis on automation: 
 

¶ passengersô mobility (including road and rail); 

¶ logistics and supply chain (including road and rail); 

¶ ports (infrastructure); 

¶ airports (infrastructure); 

¶ air transport (operations for both passenger and freight); 

¶ shipping (operations for both passenger and freight); 

¶ automotive; 

¶ manufacturing; 

¶ construction; 

¶ wholesale and retail trade. 
 
The above 10 sectors were allocated to the partners involved in Task 3.1 taking into account their organization 
type and expertise. The partners contributed to search material related to the allocated sector. 
 
2.1.2 Sources used, and type of material collected 
 
The following sources were used, and type of material was collected for the needs of the state-of-the-art review: 
 

¶ EU funded projects; 

¶ national initiatives; 

¶ research articles and papers published in scientific journals or conferences; 

¶ committees, platforms, and task forces, such as TRB and EU technology platforms; 

¶ reports derived from associations and organizations, such as UN, UITP, industry, etc.; 

¶ databases maintained by organizations. 
 
The emphasis was placed on collecting recent (less than 7-year-old) publications and reports related to 
automation, were necessary. Furthermore, the material collected was in the English language. 
 
2.1.3 Questionnaire 
 
A questionnaire was designed aiming to be completed by the partners that performed the articles gathering 
mentioned above collecting per article additional information that emerge from reading the article and getting 
suggestions from what this article induces the reader to think about. The suggestions emerged from the 
questionnaire were used to modify the input for the AI tool. The questionnaire is provided in Annex I. 
 
2.1.4 The WE-TRANSFORM Artificial Intelligence Tool 
 
The joint use of Artificial Intelligence (AI) and Collective Intelligence (CI) could help policy makers solving public 
problems. Still, the limits of AI, including biases embedded in datasets and algorithms, could become a 
problem. Thus, we have used AI only as supporting input to CI, the real core of our approach. In fact, leveraging 
data and peopleôs expertise in new ways offers a path forward for smarter decisions, more innovative 
policymaking, and more accountability in governance (Verhulst, 2017). 
 
AI and more specifically Intelligent data capture (IDC) techniques offer abilities to quickly process massive 
quantities of information/data that can provide information/data-driven insights to address the WE-
TRANSFORM objectives. AI tools will be geared to extract quantitative and qualitative information relevant to 
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impact estimates of automation on the workforce. To this end, an artificial intelligence tool (going forward: AI 
Tool) has been developed to support the state-of-the-art definition and allowed to collect more than 200 articles 
relevant to the project. 
 
The AI Tool was constructed using a circular methodological approach. It is defined as circular since the final 
output, a collection of documents related to the impact of transport automation on the workforce, can also be 
used as input to further deepen and specify the research if requested. Schematic visualization of the process 
used is available in Figure 2. 
 

 
 

Figure 2: The circular methodology used for the AI Tool development 

 
The methodology can be summarized in seven steps: 
 
1. Choice of keywords 
Three keywords are chosen that are representative of the objective of the project, i.e., the impacts of transport 
automation on the workforce. The choice of the three keywords originates from the work plan of the project, 
and the identified words were: ñWorkforceò, ñAutomationò, ñDigitalisationò. 
 
2. Choice of seed documents 
Five reference seed documents are identified from which seed keywords and sentences are extracted and 
classified using the Rapid Keyword Extraction (RAKE) Algorithm in Natural Language Processing. Thanks to 
this basic algorithm, suitable for searching and classifying keywords starting from the frequency they have in 
the text and, starting from a basic understanding of the overall meaning, the keywords and sentences were 
identified, and labelled as the input in the AI Tool and used later to compare and classify the search results 
produced by the tool itself. 
 
3. Search of documents based on seed keywords 
The keywords are used as the starting seed for the search of the documents most relevant to the topics of 
interest. This search is carried out using the entire set of documents that can be found through Google Search, 
Google Scholar, and Scopus. The search is conducted using the AI Tool text mining technique. This Artificial 
Intelligence technique is used for natural language processing (NLP) to transform free, unstructured text from 
text documents (such as web pages, newspaper articles, news agencies, social media posts/comments etc.) 
into structured and normalized data. 
 
4. Classification of the keywords and sentences for each paper 
This step involves the classification of the keywords and sentences for each paper performed by the AI Tool 
based on the structured and normalized results obtained from the text mining technique. For this classification, 
the AI Tool used the same RAKE algorithm already mentioned before. 
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5. Comparison of keywords and sentences to order the papers 
A string matching and classification algorithm compared the keywords and sentences obtained for each paper 
in the previous step with the reference ones identified from the seed documents in phase one. The output of 
this process is a collection of documents ordered by relevance to the source topic. 
 
6. Data collection through a questionnaire survey 
The collected documents have been divided in groups and each group has been assigned to a project partner. 
Each partner had to read the assigned documents and fill in a questionnaire. The questionnaire has been 
designed with a twofold objective: a) to collect key topics, key sentences and keywords for each document 
emerging from reading the article; and b) get suggestions deriving from the reading. The questionnaire is 
provided in Annex I. The suggestion and the main topics emerged from the questionnaire has been used to 
modify the input for AI tool. As the AI tool searches online resources related to transport automation, 
digitalisation, and other automation-driven transitions, using the key-sentences and the suggested solutions 
allowed to improve the AI tool to better fit resources about automation transitions. 
 
7. Fine tuning of AI tool 
The results of the questionnaire have been used to improve and increase the choice of the seed keywords so 
that the process can be iterated from the third step onwards and an ever more relevant collection of data could 
be obtained. 
 
2.1.5 The organisation of the first Workshop 
 
The first workshop of the project was organized on the 30th of June 2021. According to the initial project 
planning, the workshop was supposed to take place in Athens in physical format, but due to the COVID-19 
pandemic it was organized in virtual format. 
 
All six workshops planned for the duration of the WE-TRANSFORM project are linked to different tasks. The 
first one is linked to the task (3.1) related to the state-of-the-art review and analysis of research projects and 
initiatives on automation, especially in the transport sector. 
 

2.2 Collection stage 
 
In these methodological steps, all the tools provided in the design stage have been used to extract all the 
valuable information required for the analysis stage. 
The AI tool has been used according to the selected keywords to extract all the relevant documents, together 
with the in parallel selection made by the partners. Annex II provides the articles collected by the tool in tabular 
format. Then, a cross-check has been done to verify the common findings. 
Moreover, the workshop mentioned above was used to collect additional information by the invited 
stakeholders related to projects or other initiatives. 
 

2.3 Analysis stage 
 
All the selected documents have been analysed to eliminate those not well fitting the studied topics. This 
screening has allowed to enucleate the 30 most important documents that have been categorised and 
analysed in depth to define the outputs according to the following categories: 
 

¶ jobs at risk; 

¶ structure of the labour market; 

¶ education; 

¶ age; 

¶ gender; 

¶ skills; 

¶ suggested policies. 
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3. RESULTS 
 
This section presents the results of review, starting from the research projects and initiatives on automation to 
show the main knowledge gaps that have been bridged thanks to the AI tool, the documents collected by the 
partners, and the workshop. 
Then, the state-of-the-art review is presented, related to the documents retrieved thanks to desk research and 
AI tool and, finally, to the workshop. 
 

3.1 Review of research projects, initiatives, and systems 
 
The review of the research projects resulted in Table III.1 of Annex III. The table provides an overview of 32 
European projects either completed in the last 7 years or are in progress, categorized according to the sectors 
defined. 
 
In passengersô mobility there is a clear focus of the research projects reviewed on the promotion of novel 
approaches, models and services. HEADSTART aims to test connected and automated driving functions in 
road transport, while HARMONY aims to investigate new mobility services, concepts, and technologies through 
the integration of automated vehicles with traditional transport modes. V-Charge focuses on the development 
of a smart car system that allows for autonomous driving, while TERMINAL is a key research project that 
addresses the public transport sector, since it aims to test automated public transport connections in rural 
areas. 
 
Logistics and supply chain is another transport sector where automation and digitalisation have rapid 
penetration. The three research projects examined have tested AI driven solutions, new robotics tools, and 
new transportation technologies in order to increase the efficiency of global supply chains, promote multi-brand 
platooning and foster new perceptual/automated control functions. 
 
Ports, particularly container terminals, is the transport infrastructure with fast transition towards automation 
processes. Although automation exists already at operational level, the research allocated there is immense 
and ongoing. Five European research projects have been running in the last six years. The project AEGIS 
promotes autonomous ships and automated cargo handling, while MOSES addresses the Short Sea Shipping 
transportation aiming at the testing of hybrid electric feeder vessel including robotic cargo handling system and 
the adoption of an autonomous vessel manoeuvring and docking scheme at the ports; iTerminals 4.0 aims to 
boost digitalisation of container port operations through the application of artificial intelligence, sensor 
networks, predictive analytics and business intelligence models. Furthermore, simulation models for more 
efficient container management were developed and tested by the project RCMS, while Automated Guided 
Vehicles (AGVs) and Automated Trucks (ATs) were further investigated in an older project, Cargo-ANTs. 
 
In the shipping industry, the three projects reviewed (BUGWRIGHT2, Palaemon and SmartShip) have 
concentrated their research efforts on the advancement of operations around shipping operations, such as 
ship evacuation using Information and Communication Technologies (ICT) and Decision Support Systems 
(DSS), multi-robot visual and acoustic inspection, and multi-layer optimization platform towards a holistic 
energy efficiency, fuel consumption and emissions management of vessels. 
 
Most of the research activities have been allocated to the automotive industry and, in particular, to the 
automated vehicles (cars, ships and rail wagons). Ten research projects have been identified and reviewed. 
Their focus varied from safety and security aspects to driving behaviour, traffic efficiency and energy 
consumption. The technologies developed and tested include anti-hacking intrusion detection/prevention 
system, sensing technologies, Information and Communication Technologies and many others. 
 
All the above projects aim at delivering promising and inspiring research results. Although most of them focus 
on autonomous vehicles, ports and especially container terminals seem to be the most advanced transport 
sector from the automation and digitalisation perspective. 
 
The review of initiatives on the topic of automation, digitalisation and innovation in the transport sector resulted 
in Table III.2 of Annex III. The table includes 28 initiatives from Europe, USA, Australia, and Japan. The table 
depicts a variety of initiatives of different form, from non-research projects to platforms, actions and 
programmes. Most of these initiatives address the automotive and urban mobility sectors, and cover a wide 
range of technologies and innovations, such as Connected and Autonomous Vehicles (CAV), Connected 
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Driving Assistance, Driverless Vehicle Operations, Automation Safety Assurance, Dynamic Maps, Cooperative 
Intelligent Transport Systems (C-ITS) and others. 
 
Although the focus of the project is on research projects and initiatives, it was decided to include in the state-
of-the-art review also selected operational systems and automation cases in order to present a more complete 
picture of the current practice, especially best practice. Table III.3 in Annex III provides a list of selected 
systems for the sectors defined to be addressed in the state-of-the-art review. Annex IV presents as best 
practices four selected cases from Table III.3 highlighted in dark grey. 
 

3.2 State-of-the-art review results  
 
The review of the research projects presented above, and in more detail in Annex III, demonstrated that the 
impacts on automation and digitalisation on the workforce has not been addressed by these projects. 
Furthermore, the same impacts caused by operational systems are not available publicly. This reveals the gap 
that exists in the literature in field of the impacts on automation and digitalisation on the workforce and its 
further consequences. This gap aims to address the WE-TRANSFORM project. 
 
On the other hand, research efforts, studies and reports derived by major organizations have examined the 
above gap either universally or from different standpoints. A review of these efforts, studies and reports is 
presented in this section and it was facilitated by the WE-TRANSFORM AI tool. The search performed by the 
AI Tool enabled to retrieve 204 documents. The detailed list of these documents is presented in Annex II. The 
results include papers, citations, books, and every other possible result that could be related to the keywords 
used in the search. This matched the objective of the AI Tool: to act as the WE-TRANSFORM search engine, 
by selecting the relevant available information. Some of the results included are referred to other industries 
than the transport sector, useful to understand best practices from other sectors. At this point it must be clarified 
that the AI Tool helped to collect documents, which are not directly related to this deliverable (i.e., automation), 
but also other documents related to the general scope of the project, as for example, workforce skills, jobs at 
risk due to automation, impacts, and others. 
 
The analysis of the documents collected thanks to the AI tool, compared to those manually collected by the 
project partners allowed to observe that only 2,4% were common, underlining the usage of the AI Tool as an 
essential way to extend the capability of performing the literature review useful for the project. 
 
The review has been organized in the following categories: 
 

¶ jobs at risk; 

¶ structure of the labour market; 

¶ education; 

¶ age; 

¶ gender; 

¶ skills; 

¶ suggested policies. 
 
3.2.1 Jobs at risk (losses / displacement) 
 
The European Commission, in 2019, conducted a research on automation and the future of work to determine 
what jobs will be lost due to automation. Table 3 shows an extract from this report and we can observe that 
some industries are going to be disrupted far more than others in the next decade. Notably in agriculture, 
forestry and fishing, and real estate activities where more than 60% of jobs are automatable. In addition, the 
water, transport, wholesale, and other services have more than 50% of jobs that will soon be automatable 
(Table 3). 
 
A similar finding was derived by McKinsey Global Instituteôs discussion paper (2020), which assessed how 
automation and AI may reshape the mix of occupations, the skills required to work, and the transitions workers 
face. In the same paper, the impact of COVID-19 on workforce was also examined. The paper reports that 
jobs at risk of displacement from both automation and COVID-19 largely vary by sector. In the transport and 
storage sector 50% of the jobs are likely to be displaced due to automation (Figure 3). 
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Table 3: Shares of employment in 10ôs by Industry 

Industry sector % of jobs automatable 

Agriculture, forestry, and fishing 62.2% 

Real estate activities 61.7% 

Wholesale and retail trade; repair of motor vehicles  53.4% 

Transportation and storage 50.9% 

Manufacturing 47.4% 

é 
 

Construction 13.4% 

Human health and social work activities 12.6% 

Education 9.1% 

Source: European Commission, 2019 

 
 

 
Source: McKinsey Global Institute, 2020 
 

Figure 3: Jobs at risk of displacement from COVID-19 and automation across sectors 

Despite the above similar estimate between European Commission and McKinsey Global Institute, it must be 
stated that many attempts have been made to estimate the impact of digital automation on employment and 
they have produced varied results. The European Parliamentôs report (2021) presents the most important 
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findings from a selection of the most influential studies. For example, on a study commissioned by the OECD 
and using workersô reports of the tasks involved in their job from the OECDôs Survey of Adult Skills (PIAAC), 
Arntz et al. (2016) estimate that just 9% of jobs are at a high risk of being automated on average, ranging from 
around 12% of jobs in Austria, Germany, and Spain to around 6% or less in Finland and Estonia. These are 
jobs for which at least 70% of the tasks are automatable. It is clear from this selection of studies that there is 
no consensus over the extent of job destruction through digital automation, as well as on the time horizon that 
this will happen. There is rather a range of estimates, each pointing to different outcomes for the volume of 
employment. However, all attempts point towards a varied number of jobs with some degree (lower or higher) 
of automation risk. 
 
McKinsey Global Instituteôs paper also derived other interesting findings. In the aftermath of the COVID-19 
pandemic, emerging evidence from companies suggests that technology adoption and other workforce shifts 
could accelerate. The COVID-19 pandemic had a significant influence on Europeôs economy. Once the 
economy recovers, Europe may face a shortage of skilled workers, despite a growing wave of automation. A 
key reason is the declining supply of labour: Europeôs working-age population will likely shrink by 13.5 million 
(4%) due to aging by 2030. The trend of shorter workweeks could reduce labour supply by an additional 2%. 
Scenarios developed for the pace of automation adoption show that 22% of current work activities (equivalent 
to 53 million jobs) could be automated by 2030. A large share of potential job losses (if not all) could be 
compensated by job growth from sources such as technology, rising incomes, and investments in healthcare. 
The paper also highlights that more than half of Europeôs workforce will face significant transitions. Automation 
will require all workers to acquire new skills. About 94 million workers may not need to change occupations, 
but will especially need retraining, as technology handles 20 percent of their current activities. While some 
workers in declining occupations may be able to find similar types of work, 21 million may need to change 
occupations by 2030. Most of them lack tertiary education. Newly created jobs will require more sophisticated 
skills that are already scarce today. 
 
Based on a research conducted by Bessen et al. (2019), which estimated the impacts of automation on 
individual workers, transport and storage is the second highest sector in job losses due to automation. 
However, they stated that automation boosts increase job displacements after 4 to 5 years of the investment. 
The impact of automation on job losses occurs slowly. On average, automation impacts job losses less than 
adverse economic conditions. 
 
Arntz et al. (2019) examined how new digital technologies might affect the labour market in the near future. 
Among other findings, they state that workers are flexible and adjust. Much of the adjustment to automation is 
not made by making seemingly replaceable occupations redundant, but by workers doing other tasks in the 
same occupations. Being in an occupation that is ñat riskò this does not necessarily imply that the worker is 
about to lose his/her job, but that the worker must adapt by switching to the right tasks and learning the right 
skills. 
 
Fossen and Sorgner (2019) examined the effects of digital technologies on the nature of work, and they 
decomposed the impact of digital technologies into two effects: i) job destruction ï where digital technologies 
replace human labour; ii) transformation ï where digital technologies are complementary to human labour. 
They argue that jobs can be subject to both effects at different levels and their findings suggest that most 
occupations face either a high or a low risk related to the destructive effects of digital technologies and also 
some level of transformation. They categorised occupations into four categories: 
 

¶ rising star occupations: digitalisation has a highly transformative effect but low levels of job destruction 
because these occupations require above-average levels of almost all tasks that currently constitute 
automation bottlenecks, namely social perceptiveness, assisting and caring for others, persuasion, and 
originality. Workers in these occupations are likely to work with new AI technologies under transformed 
conditions of work. 

¶ collapsing occupations: these are the occupations which face a high risk of digital job destruction because 
tasks within them require routine and manual skills and the level of bottleneck tasks is below average, so 
there is little barrier to automation. 

¶ machine terrain occupations: these occupations face a high level of digital job destruction alongside 
above-average levels of non-routine tasks, where AI has recently made advances and leaves few tasks 
for human labour. These occupations are likely to face radical transformation. 
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¶ human terrain occupations: these occupations have a low exposure to digital job destruction technologies 
and above average levels of bottleneck tasks, such as caring for others and working in a cramped space, 
so tend to be unaffected by digital technologies (except through effects on demand and labour supply). 

 
Hajkowicz et al. (2016) released a report examining plausible futures for jobs and employment markets in 
Australia over the coming twenty years. Their report covers a comprehensive range of technological, 
economic, social, environmental, and geopolitical trends. In some of their important findings, job tasks that 
involve creativity, complex judgement, advanced reasoning, social interaction, and emotional intelligence are 
beyond the reach of even the most advanced artificial intelligence and automation. Jobs that place emphasis 
on these tasks are likely to experience growth in the decades ahead. Jobs that involve repetitive, rules-based, 
structured, and routine tasks (either manual or cognitive) are at risk of being replaced by automated systems 
and/or offshoring. 
 
In their research, Bessen et al. (2019) examined the worker-level impacts of automation, they measured the 
firm-level automation expenditures across all private non-financial sectors and compared the worker impacts 
of automation and computerization. They concluded that automation leads to displacement for incumbent 
workers; the affected workers are more likely to switch industries and enter early retirement; the effects of 
automation are pervasive across industries; and automation appears to be more labour displacing in relation 
to computerisation. 
 
Furthermore, in their paper, Doménech et al. (2018) profiled Spanish workers according to the automation risk 
of their current jobs, drawing on the automation risk of different occupations, and the microdata from Spainôs 
2011-2016 annual Labour Force Survey. Their results show that on average 36% of current jobs are at high 
risk of automation, although this risk falls significantly for jobs that involve a higher degree of responsibility, 
higher educational requirements, more involvement in training activities, or the adoption of new ways of 
working. They suggest that, in order to mitigate these risks on current workers and to take better advantage of 
the benefits of the digital revolution, it is essential to face these challenges proactively through efficient 
educational, employment and redistributive policies. 
 
Finally, in the automotive industry and the different degrees of automated driving, in its analysis of potential 
workforce impacts in the long-haul trucking and transit bus industry, the U.S. Department of Transportation 
(2021) concluded that the adoption of automation technologies has historically been associated with some 
level of job displacement. The introduction of driving automation systems could change professional driving 
jobs in diverse ways, including job responsibilities, wages, and quality of life. Increased adoption of Level 1, 2, 
and 3 technologies (see Figure 10 in Annex III) is unlikely to bring about driver job displacement; Level 1 and 
2 systems may also lead to improvements in safety and operations. In the long term, the adoption of Level 4 
or 5 ADAS (Advanced Driver Assistance Systems) may supplant certain driving tasks and reduce the need for 
human drivers, leading to lower freight costs and productivity improvements, but also to periods of transitional 
unemployment for some affected workers. As described in more detail in this report, however, several factors 
are expected to mitigate these impacts in the trucking and transit industries: 
 

¶ the timeline for development of Level 4 or 5 capabilities is highly uncertain, but widespread adoption is 
not generally predicted to be imminent. These technologies are not yet commercially available. Once on 
the market, they would require a period of testing before they become widely accepted in the trucking and 
transit industries. Even then, existing conventional vehicles would likely remain in service for many years 
until the fleet turns over. This means that workers in this field will have time to adapt to the changing 
environment, whether through additional training, transitioning to related employment opportunities, or 
other means. Level 1 and 2 driving automation are not currently causing and expected to cause driver 
displacement; 

¶ natural attrition is likely to absorb a large share of potential job displacement. These labour market 
adjustments are expected to occur over several decades, although the long-haul trucking segment will 
likely be affected first. Truck and transit drivers have relatively older age profiles; many current drivers will 
be at or near retirement age within the next decade. This natural turnover in the industry, particularly for 
trucking, should reduce the number of involuntary jobs losses; 

¶ new jobs will be created. Driving automation systems would be expected to lower freight transport costs 
and enhance productivity, leading to greater economic activity and job creation in the transport and 
logistics industries, and other business sectors. Just as many employees today work in occupations that 
were unknown to prior generations, such as unmanned aerial systems, vehicle cybersecurity, or micro-
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mobility, future workers may choose from a wider variety of jobs that emerge from technology 
improvements, including driving automation. 

 
3.2.2 Structure of the labour market 
 
On behalf of the International Labour Office (ILO), Walwei (2016) conducted a research on the structural labour 
market issues referring to the case of Germany. The main question addressed is how emerging digital 
technologies may influence the quality of job matching in the future. The paper indicates that in the future it 
will be difficult to tackle structural labour market issues, such as skill shortages, the persistence of 
unemployment or inequality with regard to forms of employment. Due to the increasing demand for new tasks, 
skill gaps between job requirements and the abilities of workers can also occur to a greater extent. 
Prerequisites (e.g., concerning the level of qualification) to re-enter the labour market will probably be higher 
in the future. The case of Germany highlights four main areas of concern that need focus: continuous skill 
development, intelligent employment regulations, more preventive labour market policies and a 
complementary role of social dialogue. 
 
3.2.3 Education 
 
According to Arntz et al. (2016), low-skilled workers are particularly exposed to automation. The share of 
workers with high automation potentials is highest for unskilled workers and strongly declines with educational 
attainment (Figure 4). 
 

 
 
Source: Arntz et al. (2016) 

Figure 4: Automation potentials by education 

3.2.4 Age 
 
As Starling underlines (2020), flexibility and the ability to continue learning once outside of academia is an 
increasingly important skill. Older generations are disadvantaged in a fast-paced, increasingly high-tech world, 
where skills can quickly become outdated (Source: Starling (2020) 

 
Figure 5). Bessen et al. (2019) also claim that younger workers are more able to deal with automation-driven 
jobs than older ones, i.e., older workers bear more of the cost of automation-driven job losses. 
 
Alcover et al. (2021) focused on the job vulnerability and conducted a research aiming to analyse perceptions 
of artificial intelligence, robotics, and automation in work settings. They analysed the expected impact of these 
technologies on older workers to contextualize this emergent phenomenon to: a) propose a general model 
related to ñAging-and-Tech Job Vulnerabilityò; b) explain and predict the combined effect of aging and 
AI/robotics/automation on job insecurity; and c) give additional outcomes among older workers. They found, 
among others, that three critical dimensions are considered when analysing Aging-and-Tech Job Vulnerability: 
the person, the organizational context, and time. Although job vulnerability can affect workers of all age groups, 
the focus on aging in their model was justified by the existence of psychosocial processes that operate 
relatively independently of the actual competence of older workers. 
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Source: Starling (2020) 

 
Figure 5: As technology alienates the elderly, automation makes more people unemployable 

Hajkowicz et al. (2016) mention in their report that it is the youngest generation of workers who will find 
themselves on the frontline. Those in established jobs are less likely to be directly impacted: for cultural and 
legal reasons employment conditions tend to change slowly. However, new entrants to the labour market and 
those older workers unfortunate enough to lose their jobs may find it harder to secure ongoing employment. 
Rates of both unemployment and casual employment have increased notably for young people, and ever more 
qualifications and experience are needed to secure good jobs. Meanwhile many older workers are willing and 
able to work past traditional retirement ages, though this is more applicable to knowledge workers than those 
remaining in manual occupations. Retirement models clearly need to adjust to better allow for gradual winding 
down of work. 
 
3.2.5 Gender 
 
The Institute for Womenôs Policy Research (IWPR) (2019) released a report that includes a comprehensive 
gender analysis of the potential impact of technological change on women and menôs employment in the United 
States, with an emphasis on the likely effects for women. It continues with a gender analysis of the labour 
market and the divergent experiences of women of different races and ethnicities. According to this report, 
office and administrative work is disproportionately done by women (70% of workers in this field are women), 
whereas only 5% of truck drivers are women and women are less likely than men to work in factories. For 
every seven men who work in occupations that are most threatened by technological change - that is, that 
have a 90% or higher likelihood of being eliminated by technology - there are 10 women in such jobs.  
 
The report suggests that through smart policy and program interventions for women, the opportunities can be 
increased, and the risks of technological change reduced. Such interventions should include: improving skills 
development (e.g., expand access to affordable postsecondary education and training, along with wraparound 
supports, for adult students seeking retraining); creating new opportunities in the high-tech world (e.g., improve 
the earnings of women so that they earn the same rewards for digital work as men); and improving job quality 
and job and income security (e.g., provide opportunities for workers to participate in design and implementation 
of technological changes at their workplaces). 
 
3.2.6 Skills 
 
The World Economic Forum (2020) conducted a study concerning the top skills and skill groups which 
employers see as rising in prominence in the lead up to 2025. Top in the list is the analytical thinking and 
innovation followed by active learning and learning strategies, complex problem-solving and critical thinking, 
and analysis. 
 
Gekara et al. (2019) performed a research exploring the current digital skills demand-and-supply situation in 
Australia for the general workforce (rather than for ICT specialists). They performed a review of international 
frameworks of digital skills and case studies in the transport, postal and warehousing, public administration 
and safety industries. They also conducted a survey of human resources, skills, and training decision-makers 
across Australian industry, with specific attention to the skills impact of digitalisation. Their research highlights 
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that a multifaceted approach from the Australian Government and industry stakeholders is required to enhance 
digital skills development in the general workforce. To facilitate this, the authors developed a digital skills 
framework aiming to identify digital skills gaps within organisations and to assist in the development of targeted 
training programs. The digital skills category dimension of the proposed framework contains four high-level 
categories, eight sub-categories and 17 Indicators, as shown in Table 4.  
 
Table 4: The Australian Workforce Digital Skills Framework 

 
Source: Gekara et al. (2019) 

 
An interesting research comes from the food industry and has been conducted by Akyazi et al. (2020). Due to 
the emerging digitalisation, manufacturing models in the food industry are changing through the usage of smart 
technologies, such as robotics, Artificial Intelligence (AI), Internet of Things (IoT), machine learning, etc. The 
models are experiencing a new phase of automation that enables innovative and more efficient processes, 
products, and services. The introduction of these novel business models demands new professional skills 
requirements in the workforce of the food industry. In their work, they introduce an industry-driven proactive 
strategy to achieve a successful digital transformation in the food sector. For that purpose, they focus on 
defining the current and near-future key skills and competencies demanded by each of the professional profiles 
related to this industry.  
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The essential future skills identified include: 
 

¶ data analysis and mathematical skills; 

¶ quantitative and statistical skills; 

¶ basic digital skills; 

¶ cybersecurity; 

¶ inspecting and monitoring skills; 

¶ use of digital communication tools; 

¶ critical thinking and decision making; 

¶ adaptability and continuous learning; 

¶ complex information processing and interpretation; 

¶ IoT technology; 

¶ collaborative/autonomous robots; 

¶ big data; 

¶ cloud computing; 

¶ sensors technology; 

¶ machine learning; 

¶ traceability. 
 
Many of the above have been identified as key and necessary skills for the workforce of the transport sector 
as well. 
 
The review also revealed the skills more and less likely to be automated: 
 

¶ skills most likely to be automated: 
o active learning (tasks that involve the scanning of information being readily carried out by machines, 

enabling the processing of a lot of information quickly); 
o cross functional skills, i.e., those that identify potential problems, set rules, and gather information, 

such as, time management, troubleshooting, operation monitoring; 

¶ skills less likely to be automated: 
o those that require manual actions (for example equipment maintenance), communicating information 

(for example instructing), active decision making (for example judgment and decision making and 
quality control analysis), leadership (for example persuasion), and knowledge work (for example 
systems analysis and technology design); 

o those that require active interactions with people (i.e., implying that there is at least a two-way 
dialogue where the employee is reacting to the other person/s); 

o critical and abstract thinking which involves drawing on this information to make decisions or provide 
a new way forward is still the work of humans; 

o in active monitoring of performance (i.e., deciding if a person or a machine is doing a task to the 
standard required, and if not intervening and adjusting) humans will draw on this information to make 
recommendations and decisions. 

 
Finally, more transport-specific studies of the skills have also been reviewed. According to the World Maritime 
University (2019a), automation and degree of its penetration to the various transport modes has changed the 
required skills of the workers and their profile. For example, in air transport, automated flight control systems, 
in addition to navigational tasks, also performed many tasks that were previously performed by flight engineers; 
and the ñglass cockpitò significantly changed the occupation of flying from manual to observatory tasks. 
Similarly, in road transport, the introduction of support systems, such as lane control and distance control, took 
manual driving responsibilities away from truck drivers. Finally, in railway transport, the switch from steam to 
diesel engine and the introduction of electrified tracks and electric engines posed new challenges to operating 
crews and maintenance crews. 
 
Kitada and Baum-Talmorb (2019) performed an extensive literature review on digitisation and automation 
within and beyond the maritime industry and identified the limitations of a technology-centred approach, thus 
suggesting the inclusion of a human-centred approach, including the consideration of seafarersô careers. The 
authors identified a gap between the minimum Standards of Training, Certification, and Watchkeeping (STCW) 
and the advanced digital skills to ensure seafarersô employability, thus posing a new challenge for Maritime 
Education and Training (MET) institutions. In addition, due to the bureaucratic and flexible careers practised 
in shipping, the responsibility for career development tends to be carried by individual seafarers. This problem 
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also relates to MET in terms of how MET institutions can support seafarersô career development as life-long 
learning providers. The paper argues that the responsibility for adaptation to Industry 4.0 should not be placed 
solely on seafarers, but on other stakeholders, including shipowners and other industry players, governments, 
and MET institutions, in order to strategically design future maritime career opportunities to build capacity for 
the sustainable maritime industry. 
 
3.2.7 Suggested policies 
 
All the above point for specific policies that need to be pursued. On behalf of the European Commission, 
Ecorys and Hellenic Institute of Transport conducted a study on the social dimension of the transition to 
automation and digitalisation in transport, focusing on the labour force (2021). The objectives of this study 
were to map existing policy recommendations and measures to accompany the transition to automation and 
digitalisation for the labour force in transport; to analyse the level of awareness and preparedness of transport 
stakeholders; to explore transport stakeholdersô need for guidance and accompanying measures; and to 
explore the possible range of measures to accompany the transition to automation and digitalisation in 
transport and identify good practice examples. The study suggests 12 policy-oriented recommendations, listed 
below, which have been derived based on an inventory of challenges and measures and the results of 
stakeholder consultation. 
 
1. To raise awareness among transport companies of the social impact of automation and digitalisation. 
2. To raise awareness among transport workers of the social impact of automation and digitalisation. 
3. To develop and implement a system of lifelong learning to prepare for the substantial changes in work 

and working environments because of automation and digitalisation in the transport sector. 
4. To provide mandatory periodic training for the transport workforce on skills relevant to automation and 

digitalisation. 
5. To pair younger and older workers in transport companies in mutual training teams for the cooperative 

and simultaneous re- and upskilling of both kinds of workers. 
6. To attract female workers to and retain them in the transport sector, grasping the opportunities provided 

by automation and digitalisation. 
7. To use the changing nature of work resulting from automation and digitalisation to attract young people 

to the transport sector, thus reducing the shortage of workers. 
8. To improve working conditions and agree to mitigate risks from automation and digitalisation through 

provisions in collective labour agreements. 
9. To introduce and implement change management plans in transport companies to facilitate the transition 

to automation and digitalisation and manage the social impact of this transition. 
10. To establish sectoral social funds to manage the transition for the current workforce in the short and 

medium term. 
11. To establish a national social fund to manage the transition for the future workforce in the long term. 
12. To use EU and national funds to support the transport sector, with a focus on SMEs, in managing the 

social impact of the transition to automation and digitalisation. 
 
The European Parliament released a report (2021), which addresses the nature, scope, and possible effects 
of digital automation. It reviews relevant literature and situates modern debates on technological change in 
historical context. It also sets out several policy options that, if implemented, would help to harness technology 
for positive economic and social ends. The report recognises that the impacts of technological change on work 
and employment are multifaceted. On the one hand, technology impacts on the level of employment. Here it 
is acknowledged that technology can both create and displace jobs and that the net effects of technology on 
employment will depend on the relative strength of any job displacement effect. The demise of paid work is 
not the inevitable product of technological progress ï rather, there is scope for paid work to grow with the 
advance of technology. Indeed, technology itself enables new job creation, particularly in jobs that are hard to 
automate. On the other hand, technology affects the nature and quality of work itself. How work is done and 
the allocation of tasks within jobs depends on the kind of technology that is developed and adopted in the 
economy. Just as technology may help to improve skills and raise the quality of work, so it can produce 
processes of deskilling and create and embed low paid, low autonomy work. Importantly, while technology can 
help to preserve work, it can also generate shifts in the qualitative experience of work. To address the above, 
the report recommends that the policy options range across different levels and scales. They include: 
 

¶ skills and training provision: 
o industry and sectoral skills alliances that focus on facilitating transitions for workers in óat riskô jobs; 
o reskilling for workers in transformed jobs; 
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o digital upskilling for working in AI-enhanced environments; 
o new protections for workers in hard-to-automate jobs; 

¶ digital work-life balance: 
o the establishment of a European level óright to disconnectô; 
o a reduction of the EU Working-Time Directive to 38-hours per week and removal of the opt-out 

clause; 

¶ governance: 
o greater worker representation, and more democratic workplace organisation; 

¶ duty to Report Directive: 
o a new directive for the regulation of technology at work; 

¶ mission-oriented industry policy: 
o direct EU involvement in the design and diffusion of digital technologies to ensure decent work 

objectives are achieved. 
 

3.3 The perspective of the Workshop participants 
 
The first workshop of the project was organized on the 30th of June 2021 in virtual format. 117 representatives 
from 34 organizations participated. Excluding Europe, organizations from USA, Japan, South Korea, and 
Canada participated. The objective of this first event of the project was threefold: 
 

¶ first involvement of the members of the Stakeholder Forum after its first set up and, thus, first community 
engagement; 

¶ presentation of the project objectives and implementation plan to the members of the Stakeholder Forum, 
explaining the working approach; 

¶ presentation of the preliminary results (actions and their findings collected to date) and collection from 
stakeholders of additional input on the state-of-the-art (i.e., similar actions, automation transitions and 
sources they are aware of), as well as initial validation of the main subject areas of the review. 

 
The participants provided, through the workshop registration form, the following list of projects, actions, and 
initiatives: 
 

¶ ERADIATE project; 

¶ TERMINAL project; 

¶ STAFFER project; 

¶ ENSEMBLE project; 

¶ AIOTI, WG Mobility; 

¶ Electrical Vehicles Industrial Cluster; 

¶ BullCharge platform; 

¶ Sofia Knowledge City Cluster; 

¶ SozA study on social and organisational changing due to raising automation in transport; 

¶ TARO -Towards automated train operation; 

¶ HARMONY project; 

¶ Wise Act Cost Action; 

¶ iTerminals project; 

¶ PLANET project; 

¶ CARAMEL project; 

¶ SKILLFUL project; 

¶ CCAM partnership; 

¶ INNO project; 

¶ TARO project; 

¶ Study SozA; 

¶ SAM project; 

¶ L3PIlot project; 

¶ ARCADE project; 

¶ ePIcenter project. 
 
Most of the above projects and initiatives have been included in the review presented above and detailed in 
Annex III. 
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In addition to the above list, some of the most important statements and opinions raised by the participating 
stakeholders related to transport automation are the following: 
 

¶ automation has helped some companies to increase their performance and the quality of the services 
provided; 

¶ at ports, the level of automation depends on the size of the port and on its geographic location. Some 
ports have sophisticated systems, while container terminals have usually high technology. The documents 
management is also well advanced; 

¶ air transport, especially airlines and airports, have shown impressive results the recent years as regards 
automation and digitalisation. The security procedures and the passengersô identification recognition have 
been significantly advanced; 

¶ transport can learn from other industrial sectors with higher degree of automation, such as construction, 
tourism, banking and manufacturing, especially as regards impacts on the workforce; 

¶ the process of automation is slower in road and railway sectors. 
 
Further to the above, the participants raised many very interesting issues related to training needs, skillsô gaps, 
funding, organizational adaptations due to automation, intellectual property rights, the correlation between 
gender gap and automation, the need for a regulatory framework regarding working hours, working conditions, 
etc., and many others, which are discussed and analysed in detail in the next deliverable of the project D3.2 
related to workforce skills, gaps and needs. 
 
Within the framework of the first WE-TRANSFORM Workshop, seven focus groups were conducted seeking 
to obtain the opinions and views of participants in a structured and useful way for the impacts of automation 
on workforce. The participants of all groups received and answered to the same set of questions. The basic 
questions are listed below: 
 
1. Which are the different skills involved in your sector and, specifically, in your organization? Which are the 

profiles (job descriptions)? 
2. Have you experienced in your organization/s a change in the workforce typology (e.g., blue collar, white 

collar, manager, etc.) and required skills in the last 5 years?  
3. Have you encountered the need to find new employees with specific skills that you could not find? If yes, 

which profiles? 
4. Have there been people who experienced difficulties to adapt? If yes, which profiles?  
5. Have there been implemented any training programs about digitalization and automation in your 

organization? Who has paid the participation of the employees to the training program? Are there any 
supporting programs for this change in your country? 

 
The main results of the discussion during the breakout rooms regarding the impacts of automation on workforce 
are summarized in Table 5. The results (impacts on the workforce) are reported per type of impact on workforce 
and are related to a specific transport sector. Some observations are general and, thus, concern all transport 
sectors. 
 
Summarising the workshop discussion, the jobs that will be mostly affected in the transport sector are drivers, 
pilots and professions that require manual skills. However, new professions emerge (e.g., platform workers). 
In the last 5 years, there has been an increase of occupational requirements in technological skills, such as IT 
professionals and programmers, engineers, maintenance workers. The requirement for physical skills has 
been limited because a lot of things are now automated. This transformation will improve womenôs 
representation in the workforce. Technical skills are in greater demand due to digitalisation. Knowledge of the 
overall process is also very important. Language skills are seen as increasingly necessary, as some industry 
experts assume that logistics will become more internationally integrated. 
 
The participants mentioned also that there are difficulties for those who have a long experience in the company, 
but they have not adapted to new working procedures. Moreover, there are difficulties in finding female and 
young workers as well as workers for stimulating new ideas. 
 
Most of the participants mentioned that retraining and upskilling of the employees in the transport sector are 
required. Taking this into account, the education system faces new challenges. Training programs are 
implemented, but training needs money. Some companies pay for the training programs, but participants 
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mentioned that training programs are not useful alone. Moreover, there are support programs by the 
governments for female scientists to enter the job market. 
 
Table 5: Workshop key results 

Sector Type Impacts on workforce reported 

All transport 
sectors 

General Automation brings an opportunity for women to be present in transport sector. 
Collective intelligence in a group increases as the proportion of women increases, 
showing how a group works better with a more diverse composition, including a 
balanced gender distribution. 

Pandemic fed digitalisation (remote working, online meetings etc.). 

More women and young workers are joining the transport sector. 

A reorganization of the workforce has occurred (e.g., some previous secretaries work 
as technicians). 

Difficulties have been encountered in finding female and young workers as well as 
workers for stimulating new ideas. 

Difficulties occur for those who have a long experience in a company, but they have 
not adapted to new working procedures. 

Collective bargaining can help mitigating the bad side effects of digitalisation. 

Jobs New professions emerge, such as platform workers (e.g., remote driving assistance or 
maintenance). New jobs in the IT department of a company are needed. 

Increase of occupational requirements in technological skills such as IT professionals 
and programmers, engineers, maintenance workers, researchers. 

Skills Engineers and workers with technological skills have a competitive advantage. 

There is a strong demand for people with IT skills, language skills and engineers. 

Cognitive skills, technological skills and social/emotional skills are required. 

High cognitive skills are required. The requirement for physical skills has been limited 
because a lot of things are now automated. 

Training Retraining is required. Companies should pay for training programs; the latter is 
difficult in times of economic recession/pandemic. 

Training is organized for IT tools developed internally within the company. 

Mechanics are using tools that are more automated. Training is needed. 

Some training programs are paid by the company, but they are not useful alone. 

Support programs are implemented by the governments for female scientists to enter 
the job market. 

Air transport Jobs Airlines are employing data scientists. Jobs like check in counter are disappearing. 

Skills The workforce transformation could improve women representation in the workforce 
since skills become less manual. 

Training Training programs have been implemented in the aviation sector, but the problem is 
that training programs are not updated as they should be. 

Extensive training programs for pilots in simulators are implemented. 

Railway/Air 
Transport 

Jobs Employment shifts are most likely to affect train drivers/pilots. 

Railway/Road General The shift from the non-technology to the technology world is smooth for workers. 

Metro systems Skills In automated metro systems, the new personnel should have strong emotional skills, 
and should be able to manage any crisis. 

Training Training the personnel need to be more familiar with the automated metro systems. 

Manufacturing Skills There is a transition from manual skills to fully automated skills in manufacturing. 

 
As a concluding remark, participants mentioned that collective bargaining can help mitigating the bad side 
effects of digitalisation. 
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4. CONCLUSIONS 
 
Transportation was always one of the keys enabling factors for globalization and economic development. Every 
year 62.7 trillion tonne-miles of cargo are transported around the world (World Maritime University, 2019a). 
Transport, like any other industry, is currently undergoing a lot of changes because of the introduction of new 
technologies with far-reaching consequences for all modes of transport. These changes are driven by 
increased use of automation and new technologies, which have the potential to transform jobs and the 
structure of the labour force, as well as to accelerate skill shifts compared with the historical trend. 
 
Transport automation does not take place in a vacuum; its driving forces are at play in the wider economy and 
society and - as their result over recent decades indicates - they are strong structural ones. Focusing on the 
most relevant aspects of the PESTEL framework, which takes into account political, economic, social 
technological, environmental and legal aspects, a matrix of the main driving forces related to each of these 
aspects is depicted in Figure 6. The figure includes most of the factors widely acknowledged (Nielsen et al., 
2021, and others) as drivers impacting on the future of work with a focus on automation. Furthermore, it 
combines common drivers surfacing in the review presented in the previous chapter. 
 

 
 

Figure 6: Automation related general drivers of future changes in work 

The above highlight that the future of work, with regard to automation, is multifaced and involve a wide range 
of factors. Among them, technologies are at the core of the current transformation of both passenger mobility 
and cargo logistics, and of impact on the workforce. The four so called disruptive technologies, i.e., Internet of 
Things, Agent-based Distributed Systems, Cloud Computing and Artificial Intelligence (Zdravkoviĺ et al., 2021), 
are all involved in automation and digitalisation in transport and shipping as facilitators; however, replacement 
mechanisms for hitherto human activities are embedded in many of the applications of new technology. 
 
The state-of-the-art review on the impacts on automation and digitalisation on the workforce revealed that the 
most important impact is the job losses, displacement, or destruction. As the U.S. Department of 
Transportation (2021) highlighted, the adoption of automation technologies has historically been associated 
with some level of job displacement. Bessen et al. (2019) confirmed this statement since they estimated that 
transport and storage is the second highest sector in job losses due to automation. Moreover, some 
organisations (European Commission and McKinsey Global Institute) agree that in transport more than 50% 
of jobs will soon be automatable or are likely to be displaced due to automation in the future. Still, it must be 
pointed out that there is no consensus among the various studies over the extent of job destruction, 
displacement or loss through digital automation, as well as on the time horizon that this will happen. However, 
all estimation attempts point towards a varied number of jobs with some degree (lower or higher) of automation 
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risk. However, as Arntz et al. (2019) revealed, an occupation that is ñat riskò not necessarily imply that the 
worker is about to lose his/her job, but that the worker must adapt by switching to the right tasks and learning 
the right skills. This study also concluded that workers are able to adapt. In the same direction, the World 
Maritime University (2019b) reports that automation will likely result in a shift of the workforce and not in labour 
reduction. The same applies on the level of skills. For example, automated baggage handling systems in 
airports (refer to Annex III) also involve a lot of maintenance and upgrading activities. Therefore, while demand 
for low-skilled labour may be reduced through automation, there may be an increase in high-skilled jobs. 
 
Early retirement is also another impact of the automation that affects mainly the older workers. The literature 
ñagreesò that older generations are disadvantaged in a fast-paced, increasingly high-tech world, where skills 
can quickly become outdated. Younger workers are more able to deal with automation-driven jobs than older 
ones. 
 
Another important finding derived from the review refers to the skills. Low-skilled workers are particularly 
exposed to automation. The share of workers with high automation potentials is highest for unskilled workers 
and strongly declines with educational attainment. The International Labour Office (ILO) points out that the 
demand for high level of qualification for workers will be higher in the future. Ever more qualifications and 
experience are needed for workers to secure good jobs. 
 
Figure 7 below summarises the above findings concerning the degree of exposure to automation for the various 
workers. Workers with low qualifications, low-skilled, with low education and older ones are more exposed to 
automation and their jobs are at higher risk. On the contrary, well educated, high skilled and younger workers 
are less exposed to automation and their jobs are more secured. 
 

 
 

Figure 7: Workersô Exposure to Automation 

Another common finding in most of the literature is that job tasks that will experience growth in the coming 
years require skills related to data analytics, digital creativity and innovation, artificial intelligence, digital 
communication and collaboration, robotics, active learning, complex problem-solving, critical thinking and 
analysis, and machine learning. On the other hand, jobs that involve repetitive, rules-based, structured, and 
routine tasks (either manual or cognitive) as well as customer interface/care are at high risk of being replaced 
by automated systems. The later refer to ócollapsing occupationsô, as called, and studied by Fossen and 
Sorgner (2019), which face a high risk of digital job destruction because tasks within them require routine and 
manual skills, and the level of bottleneck tasks is below average, so there is little barrier to automation. These 
are illustrated in Figure 8. 
 

The participants in the first workshop of the project also underlined some useful opinions concerning the 
impacts of automation and their mitigation: 
 

¶ engineers and workers with technological skills have a competitive advantage; 

¶ airlines are employing data scientists. Jobs like check in counter are disappearing; 

¶ automation brings an opportunity to women. Collective intelligence on a group increases as the proportion 
of women increases; 

¶ re-training is required. Companies should pay for training programmes. This is difficult in times of 
economic recession/pandemic. Digital trainings are sometimes available but human interaction is missing; 

¶ an evident gap among workers (trained and not trained) exists. A trained worker is a better worker! 

¶ in small ports, mainly drivers and car/truck mechanics are needed; 

¶ in railway and road sectors, for most workers, basic digital skills but also high-level skills are required. 
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Figure 8: Declining and increasing trends of workforce skills 

The state-of-the-art review of research projects and operational systems has identified five key application 
areas of automation and digitalisation in the transport sector, as presented in Table 6. 
 
Table 6: Key automation areas in transport 

Application areas Description 

1. Metro 

Metros are high-capacity urban rail systems, running on 
an exclusive right-of-way. In the 37 years since the 
implementation of the first automated metro line, their 
growth rate has accelerated, with 2018 marking a 
significant inflection point. In the next five years, it is 
expected that full automation will become the 
mainstream design for greenfield metro lines, increasing 
from the current share of 10% of km of metro 
infrastructure in planning and construction, to 48% by 
2022 (UITP, 2019; since we are running 2022, this 2019 
estimate needs to be validated). The conversion 
projects towards full automation are also increasing. 
Asia is the leading world region in metro automation. 

2. Intralogistics 

Intralogistics systems consist of a wide range of 
consecutively and simultaneously running physical 
processes. The Intralogistics processes with the highest 
degree of automation are: transport with track and non 
track-guided AGVs; storage with automated storage and 
retrieval systems; order picking with autonomously 
driving picking robots and stationary picking robots; 
handling with robotic (de-) palletizer for cubic elements; 
and packaging robots and automated packaging 
machines (Fottner et al., 2021). 

3. Container terminals 

In maritime transport, port operators are generally more 
proactive in carrying out automation in comparison to 
shipping carriers regarding their deployment of 
autonomous ships. In 1993, the East Container Delta 
Terminal in Maasvlakte Rotterdam was the first fully 
automated container terminal in the world. In December 
2017, Yangshan Phase 4 Container Terminal in China 
became the largest fully automated container terminal in 
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the world (World Maritime University, 2019a). According 
to the Review on Maritime Transport (UNCTAD, 2018), 
in total, 60 container terminals are either fully automated 
or semi-automated. Robotics, Artificial Intelligence, 
Human-machine interfaces, machine learning and 
simulation are just a few of the key technologies met in 
automated or semi-automated container terminals. 

4. Airports 

The aviation industry is quite competitive and dynamic. 
Airlines and airports need to constantly improve their 
service quality and standards. Huge investments have 
been made over the years especially for baggage 
handling and border control. Many airports around the 
world, especially hubs, have invested heavily on 
baggage handling automation systems and automated 
border control systems. The International Aeronautical 
Telecommunications Association (SITA) 2018 Baggage 
Report estimated that a total of 22.7 million bags were 
mishandled in 2017, at an estimated cost of US$2.3 
billion to the aviation industry (World Maritime 
University, 2019b). 

5. Driving 

Based on the six SAE J3016 driving automation levels, 
the current state of driving automation is at Level 1 and 
2 Advanced Driver-Assistance Systems (ADAS). The 
last 10 years have seen significant advancements in 
driving automation. Level 1 adaptive cruise control and 
lane-keeping systems are now commonplace in even 
entry-level new passenger cars, and Level 2 driver-
assistance features that combine speed and directional 
control are available from several major manufacturers. 
As these features enter the marketplace, numerous 
technology companies and vehicle original equipment 
manufacturers (OEMs) have also been developing and 
testing far more advanced capabilities. 

 
In conclusion, the review on transport automation has revealed very interesting systems/ cases, but also very 
promising research results. Container terminals, airports, intralogistics, and urban rail transit (metro) are the 
transport infrastructures and fields with the highest degree of automation and digitalisation penetration in 
relation to other areas. Concerning research, most of the research activities have been allocated to the 
automotive industry and, in particular, to the autonomous/automated vehicles (cars, ships and rail wagons). 
As regards the variety of initiatives identified (non-research projects, platforms, actions, and programmes), 
most of them address the automotive and urban mobility sectors. 
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ANNEXES 
 

I. WE-TRANSFORM QUESTIONNAIRE FOR PARTNERS 
  
The questionnaire refers to the reading of a single article and has a double objective: to collect some data that 
emerge from reading the article and get suggestions from what this article induces the reader to think about. 
We will use the suggestion and the main topics that emerge from the questionnaire to modify the input for AI 
tool.  
The AI tool searches for online resources related to transport automation, digitalisation, and other automation-
driven transitions. Using the key-sentences and the suggested solutions it will be possible to improve AI tool 
in order to better fit resources about automation transitions. 
We are kindly asking you, by answering questions, to briefly summarize the main topics and proposed solutions 
proposed in the paper and add your suggested solutions if you do not use the proposed one. 
 
 
Partner name 

_____________________________________________________________ 

Paper title 

_____________________________________________________________ 

Paper authors 

_____________________________________________________________ 

Publication date 

_____________________________________________________________ 

Publisher  

_____________________________________________________________ 

 

To which category/field does this paper belong to? (e.g. Transport/ Health/ Industry 4.0...: here we put a list to 

make the selection + other) 

_____________________________________________________________ 

 

Please rank the document according to its relevance to the project. [Use the scale from 1 to 6, where 1 means 

that you completely disagree with the statement and 6 means that you completely agree with the statement]. 

The paper is relevant 

Completely disagree        Completely disagree 

      1      2  3      4  5  6 

 

Which are the main research questions/ problems of the paper? 
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Which are the suggested solutions from the paper? 

 

 

 

Write 5 key-sentences to describe the paper 

 

 

 

What do you suggest as a solution for the problems shown in the paper? 

 

 

Let us know if the document describes an automation transition that can be considered a best practice 

(according to your assessment) [Use the scale from 1 to 6, where 1 means that you completely disagree with 

the statement and 6 means that you completely agree with the statement]. 

The paper can be considered a best practice 

Completely disagree        Completely disagree 

      1      2  3      4  5  6 
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II. WE-TRANSFORM AI TOOL SEARCH RESULTS 
 
The next table contains the results of the AI Tool search. It lists 204 documents (primarily scientific papers) 
related to the subject of the project, such as automation from the transport and other industrial sectors, impacts 
of automation on the workforce, skills requirements, and many others. 
 



 
 
 
 






















































































