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Artificial intelligence is a key enabler for autonomous vehicles that
potentially provides European citizens with economic, environmental and
social benefits. However, a the absence of a relevant European framework
around liability, data protection, cybersecurity and protection of users
creates costs of non-Europe in terms of economic outputand employment.
It also generates other costs, in particular around data protection and
privacy, which can influence fundamentalrightsfor European citizens.

This study is annexed to the Cost of non-Europe report entitled Artificial
intelligencein road transport, published by EPRS.
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Executive summary

In the transportation sector, artificial intelligence is most often associated with autonomous and
semi-autonomous transportation. These new modes of transportation should reduce traffic
congestion, fuel emissions, air pollution and driving costs. They should also lower the number of
road accidents, improve safety and address companies' needs of transportation under extreme
conditions. Of allthe modes of transport impacted by artificial intelligence (Al), self-driving vehides
arethe ones experiencing major advancements.

To excel in the field of artificial intelligence, the European Union (EU) needs to ensure that the
correct 'enablers' are in place to see it thrive. This includes infrastructure, such as roads and
enhanced connectivity (suchas 5G), the appropriate funding of priority researchareasas wellas an
appropriate regulatory framework. This regulatory framework should further promote innovation
ecosystems, making permits uniform across the EU so that industry can more easily apply its
innovations onalarge scale. It should also clarify issues of liability that could cause consumers and
businesses alonga value chain to avoid the technology.

The costs of non-Europe in this sector have the potential to be substantial from an economic,
environmental, social,and fundamentalrights perspective.

The regulatory framework includes rules that apply both specifically to the sectoras well as
those that apply more generally

A number of the legal instruments apply directly to the road transportation sector and artificial
intelligence. These recently implemented instruments cover safety and liability as well as the
deployment of intelligence transport systems. In addition, other more general rules that apply to
the sector can be placed into six categories:

e Empowering consumers. Rules that help to balance information asymmetriesand other
market failures as consumers interact with businessesthat are providing productsand
services in relation to connected automated driving.

e Empowering business users. As with empowering consumers, these are rules that
address market concerns of businesses along a value chain.

e Security and data.Rules that address issues around the security of road transportation,
in particular around data protection and privacy.

e Liability rules. Rules that address who is responsible for failures and accidents within
theroad transportation sector, bothfrom a business and consumer perspective.

e Datagovernance.Related to the securityand data category, rulesthataddress how data
should be handled by providers.

e Intellectual property.Rulesrelated to protecting the rights of intellectual property.

The primary legal and regulatory barriers revolve around horizontal rules

Recent changes to theregulatory framework that apply directly to autonomous vehicles (AV) mean
that the main potential gaps remain the horizontal ones. Four gaps are of particular relevance,
namely liability, empower users (consumersand businesses), cybersecurity, and dataprivacy.

Potential liability issues

The main challenge identified by scholars and lawyers relates to the adaptation of the liability
framework toautonomousvehicles in particular and Al-based productsand services in general. With
regard to liability, two main alternatives are (i) fault-based liability and (ii) strict liability regimes.
Fault liability and civil liability are not harmonised at the EU level. With respect to strict liability,
harmonisation is limited to damages caused by defective products under the Product Liability
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Directive (PLD). In addition, the Motor Vehicles Insurance Directive allows compensation for
damages caused by motor vehicles (including autonomous ones). However, it does not harmonise
the liability rules across EU Member States.

Potential issues empoweringusers

Autonomous vehicles and other applications of artificial intelligence often involve a 'black box of
sorts, which can reduce usertrustin the technology. If users lack trust in thesystems, it can influence
uptake of thetechnology. Mostofthe transparency requirements relatedto the characteristics and
functionality of products and digital content and services apply only in the Business-to-Consumer
context. However, the same information asymmetry existing betweena consumer and a trader may
also happen between a professional user and a trader when dealing with technology-intense and
sophisticated AV productsand services.

Potential cybersecurity threats

Cybersecurity is another important challenge for AV. The Directive on Security of Network and
Information Systems (NIS Directive) only applies to operatorsof essential services and a limited set
of digital service providers. Thus, it is questionable whether car manufacturers have cybersecurity
requirements under the NIS Directive, at least for AV that still require supervision. The General
Vehicles Safety Regulation requires compliance with United Nations Economic Commission for
Europe technical cybersecurity requirements but their adoption is still pending. Under the EU
Cybersecurity Act, certification processes are voluntary unless provided otherwise by EU law or
national law. Finally, in cases of the local processing of personal data, the General Data Protection
Regulation (GDPR) and its security requirements may not apply.

Potential issues around data protectionand privacy

AV have the potential to collect more - potentially invasive - personal data. In particular, using voice
and face recognition technologies presentssignificantrisks for fundamental rights as the collection
and usage of these data may occur without person's knowledge and/or full understanding. In this
regard, the GDPR may only apply if the processing is carried out to uniquely identify the person.
Following this interpretation, biometric data may be collected and processed by autonomous
vehicles without users' consent. At the same time, Recital 10 of the General Vehicles Safety
Regulation states that 'advanced emergency braking systems, intelligent speed assistance,
emergency lane-keeping systems, driver drowsiness and attention warning, advanced driver
distraction warning and reversing detection systems should function without using any biometric
information of driversand passengers'.

Addressing the potential issuesidentified

Given these policy gaps, a number of policy options were identified. One of the suggested policy
optionsis the baseline that includesall relevant and recently adopted legislation. While other policy
options suggest specific actions to address the potential gaps and barriers. The policy options are
summarisedin the diagram below:
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Figure 1: Proposed policy options
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Source: Authors.

The cost of non-Europe

The cost of non-Europe refersto the costs borne by the EU citizens, public organisations, businesses
dueto theidentified potential gaps and barriers. The suggested Policy Options 2and 3 address the
identified gaps to various extent, while Policy Option 1 proposes no additional intervention at the
EU level. Therefore, the cost of non-Europe are calculated as benefits that Policy Option 2 and 3
bring individually over Policy Option 1.

Table 1: Estimated direct cost of non-Europe, in 2030, EU-27

e (€pl? €231097 €275287
(million euros)
Employment ., o, 6147

(million persons)

Note: the lower bound (upper bound) estimate refers to the benefits that Policy Option 2 (3) brings
additionally to Policy Option 1 as quantified using a computable general equilibrium (CGE) model.
Source: Authors.

On this basis, several policy options were developed to conduct a cost of non-Europe analysis to
quantify the potential net benefits. In other words, we assessed quantitatively and qualitatively net
costs, resulting from the lack of EU action. The policy options were putforward and assessed in terms
of their benefits and costs, feasibility and impacts. The table below summarises the benefits (and
costs) of each of the proposed policy options. Overall, the preferred policy option is Policy Option 3
enhancing trustandprotection of users. While feasibility of this policy option is lowerthan focussing
strictly on the liability regime, consumer trustand cybersecurity remain key to uptake. Additionally,
given that these are horizontal issuesinfluencing more than justthe road transport sector, there are
additional costs of non-Europethat are not captured in this analysis, which need to be kept in mind
when taking this policy option path.
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Table 2: Summary of policy options assessments
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Notes: feasibility, proportionality and subsidiarity are ranked from low (+), medium (++) to high (+++).

Source: Authors.
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1. Introduction

Development, deployment and uptake of artificial intelligence (Al) is one of the latest and most
important stages of the ongoing digital revolution.The potential globalimpact of Al is tremendous,
disrupting existing socio-economic structures, challenging familiar philosophical concepts and
posing new requirements of institutions. The EU-wide response tothe Al challenge is emerging, but
lacks completeness. Initiatives of European Union (EU) countries on Al-adoption are promising, but
the ecosystem needed to nurture such initiatives is lagging behind developments in the United
States (US) and China. Each EU country tends to cater to their own domains of excellence through
specific and focused approaches rather than trying to compete jointly at a global level with a full-
scale approach. Typical areas of Al initiatives involve transportation, healthcare and industrial
manufacturing.

In the transportation sector, artificial intelligence is most often associated with autonomous and
semi-autonomous transportation. These new modes of transportation are supposedto help reduce
trafficcongestion, fuel emissions, air pollutionand driving costs. They should alsolower the number
of road accidents, improve safety and address companies' needs of transportation under extreme
conditions. Of all the modes of transport impacted by Al, self-driving vehicles are the ones
experiencing major advancements.

However, restrictive regulations and non-standardised traffic rules are pushing European
companies to develop their autonomous prototypes out of the continent. Local autonomous-
driving permits lack uniformity that would make it easier for European industry to apply its
innovations on a large scale. The lack of clarity in the legalframework over issuesaround liability in
case of failures as well as co-ordinationissuesacrossthe EU furthercomplicate the issue. Europe has
a role to play in furthering the uptake of artificial intelligence technologies in the transportation
sector,and thefollowing report is meantto analyse the cost of non-Europe (CoNE) in the sector.

This report studied the gains that commonaction at EU level could bring. Therefore, the aim of the
report was to analyse the existing regulatory framework, identify potential gaps and barriers where
taking an action at EU level could be beneficial, and conduct a cost of non-Europe analysis. The cost
of non-Europe analysis estimatedthe (net) benefits of taking an action at EU level or in other words
the (net) costs resulting from lack of such action. Figure 2 below presents an overview of our
approach for the assessmentofthe Cost of Non-Europe on Robotics and Alin Transport.

Figure 2: Steps in identifying the CoNE for Al in transport

Assessment of policy options

Assessment of global
development and
trends (Chapters 2-3)

Identifying gaps and barriers in
the regulatory framework
(Chapter 4)

Developing policy options to

address the gaps (Chapter 5) and Recommendations

(Chapter 6)

What is the scope
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What are the
economic, social and
societal
developments and
trends generated by
Al applications?
What are drivers,
benefits and
expectations related
to Al applications?

Source: Authors.
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The study starts by defining the scope of the research. Chapter 2 defines artificial intelligence (Al)
and the modes of transportation used in this study. It further discusses how we approach the
analysis of Al in transport by categorising different elements of transport as Al enablers, Al
applications and effects of Al. Chapter 2 outlines what is in the scope of the study.

Chapter 3 presents an analysis of the state-of-play on the transport marketin the EU and where and
how Al can feed into the sector. Following from this, Chapter 3 describes possible effects of Al in
transporton economy, employment,society and environment.

Chapter 4analyses the enablers for the developmentand deployment of Alin the transportsector.
It looks at the state of key infrastructure as well as support for research, developmentand innovation
(R&DA&I). It also analyses the policy and legal framework at the EU level.

Chapter 5 then continues by summarising the gaps and barriers in the framework addressed in
Chapter 4, indicating vectors for EU-level intervention. These vectors are then used to create
possible policy options, the effects of which are quantitively measured by modelling economic
impacts in Chapter 6. Chapter 6 concludes with assessmentofimpacts of suggested policy options
and the cost of non-Europefor Alin transport.

To analyse the CoNE of Al in transportin a comprehensive manner, the economicimpacts consider
the situation before the deployment of Al, the deployment itself and its consequences. Thesituation
before deployment equals to the current situation and is an important baseline, against which we
can map future developments. It helps understand what the EU's starting position is and what
critical factors will determine the Al deployment.

The report aims to quantify the critical factors for Al deployment as much as possible. The Al
deployment refers to all possible application of Al in transport as a systembased on predictions of
Al evolution over the next decade. The consequences of the Al deployment describe impacts and
effects, both positive and negative. Identified impacts and effects will be analysed in a qualitative
manner and also quantified and CGE-modelled, where possible.
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2. Scoping the Cost of Non-Europeanalysis

Key points

Definitions of artificial intelligence are relatively broad, but applications that are of interest to this study
exclude applications that are only based on algorithms. The study also covers forms of road transportation,
including both vehicles as well as infrastructure and operations.

To measure the cost of non-Europe, the study has developed an analytical framework that identifies first-
order enablers of new technologies. These enablers are divided into three major categories, namely
infrastructure (road infrastructure, connectivity, and technology), financial support (public- and private-
sector investment as well as state-aid and competition rules), and the regulatory environment (ethical
framework for Al, liability and insurance as well as research, development, and innovation policies).

2.1. Types of applicationsand modes of transport covered

2.1.1. Defining artificial intelligence

This study follows the definition of artificial intelligence (Al) developed by the High-Level Expert
Group on Artificial Intelligence (Al HLEG), set up by the European Commission. Artifidal
intelligence is understood to be 'software (and possibly also hardware) systems designed by
humans that, given a complex goal, act in the physical or digital dimension by perceiving their
environment through data acquisition, interpreting the collected structured or unstructured data,
reasoning on the knowledge, or processing the information, derived from this data and deciding
the best action(s) to take to achieve the given goal. Al systems can either usesymbolic rules or learn
a numeric model, and they can also adapt their behaviour by analysing how the environment is
affected by their previous actions'.!

This definition of Alis relatively broad, and allows to incorporate applications based on machine
learning and deep learning into the analysis. This definition, however, excludes 'soft' Alapplications
thatareonly based on algorithms. Some applications often receive the label Al only for marketing
purposes. Thisis a challenge, however, only for the analysisand not for the theoretical framework.

2.1.2. Defining transport

This study focuses exclusively on modes of transportation that take place by road. The study
covers all transport using roads and differentiates between personal transport (e.g. personal
vehicles), mass/ public transportation (e.g. buses, taxis) and freight transport. While transport is
commonly defined as a movement of people or goods fromone locationto another, this study also
looks at the complexsystem that enables movement.? As such, transport includes both vehicles (ie.
actualmachines used to move people or goods) as well as infrastructure and operations. The most
obvious transportinfrastructureis roads, but it also includes other types of fixed installations, such
as parking and maintenance facilities, fuel stations, signage and road markings. This operational
infrastructure is necessary forthemovement of people and goods (e.g. loading and unloading, route
planning, ticketing, driving). In addition to physical infrastructure, a political and legal framework
smooths road transport. All elements of the transport system are interconnected and
interdependent and, therefore, need to be considered when studying the deployment and
consequences of Alin transport.

! Al HLEG (2019). A Definition of Al: Main Capabilities and Disciplines.
2

See Cambridge Dictionary.
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2.2. Analytical framework for CoNEin Al and road transport

The analyticalframework for the study departs fromthree aspects that shape the transportsector:

1 themegatrendsthataredriving the sectordevelopment,
2 thetypes of transportationthat are under consideration, and
3 the framework underwhich those trends and transportationoperate.

The diverse elements constituting these three aspects can be divided into three categories
depending on the angle or direction of their application to the sector:

o enablers that allow Alto be deployed and thrive,
o applications within transportthat arebuilt using the Altechnology, and
° effects of those Alapplications onthe economic, environmental, and social well-being

of European citizens.

Enablers are those technicaland social conditionsthatare prerequisitesfor the type of transportto
operate. Without these enablers, these modes of transport would not function. At its most basic
level, without physical roads and traffic lights, road transportation would not operate. But other
conditions are equally important. For

instance, if people did not believe that cars Figure 3: Interplay between factors, Al
were a fundamentally safg modg . of applicationsand Al impacts

transport, they would be unwilling to sitin a
vehicle (i.e. social acceptance). Importantly,
for this condition, beliefs do not necessarily
need to match reality. In the context of Al,
the fact that self-driving vehicles should be
safer does not stop debate about rare
failures of automated systems, with more
trust given to fallible drivers than to systems
that people do not understand and trust.

Critical factors
and enablers of A
deployment

Applications are developed to change (and
potentially improve) road transportation.
Applications are automations of various
vehicle functions (e.g. parking, autopilot),
self-driving vehicles, platooning trucks, and
other that will create the effects that we are
looking to measure. Importantly, while
developers may lookat these applications as
improvements, any application will have
positive and negative effects, bothintended
and unintended.

Al applicationsin
transport

Impacts and
effects of Al
deployment

Effects are the resulting outcomes and
impacts of the new applications based on Al. We divided these effects into the four standard
categories: economic, environmental, social, and effects on fundamentalrights.

The following sections 2.3.1 - 2.3.4 will address each of these categoriesin more detail.
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2.2.1. Megatrends in transport

Al applications in transport fuel and interact with several megatrends that are currently happening
in the transport sector. The usage of the term 'megatrend' instead of 'trend' emphasises that these
trends last longer and (will) have profound impacts beyond the transport sector but their
development patterns and implications are more difficult to predict.>* While many megatrends
influence the developments in the transport sector, the study zooms in on those that are strongly
relevant for Al and that are happening within the transport sector (as opposed, for example, to
urbanisation, climate change or ageingsociety that are not sector-specificand not linked to Al).*

Most analystsidentify three to five disruptive technological megatrends that are shaping the future
of transport.® While the language differs slightly, all lists of megatrends can be boiled down to the
following four items:®

° Digitisation,
o Automation,
J Sustainability, and
o Sharing economy.

Digitisation encompasses all types of integration of digital technologies into transportation. This
means that it also covers autonomous driving (also known as connected and autonomous driving
or CAD). However, considering that CAD is a very specific transport phenomenon that will
profoundly change our attitudes and relationship to transport and transportation, we also
distinguish automation as a separate megatrend.

Sustainability is frequently limited to electrification of vehicles only (e-mobility).” However, e-
mobility is just one of the current trends of alternative powertrain. Other technologies - such as
hydrogen - are also being developed, tested and deployed, signifying that environmental impact
of transportationis going through a rapid rethink towards sustainability.

Sharing economy in transport stands for the changing attitudes towards car ownership and
mobility in general. The persisting popularity of ride and carsharing signifies the emerging Mobility-
as-a-Service (MaaS) as an alternativeto car ownership.?

Al applications need to be described against the backdrop of these megatrends, keeping in mind
that therelevance of Al differs acrossthem. Transportapplications of Al reinforce and largely define
automation and digitisation. But sustainability and sharing economy have emerged mainly thanks

3 Vladislav Maras, Mirjana Bugarinovi¢, Eleni Anoyrkati, Alba Avarello (2018). Megatrends — a Way to Identify the Future
Transport Challenges. Working Paper of the H2020 research and innovation programme ‘INtentify future Transport
Research NeeDs (INTEND)', p. 35.

For the academic literature review on megatrendsimpacting transport see Ibid.

> The Boston Consulting Group identifies six megatrends, but some of them (two-speed world and urbanisation) are of
socio-economic nature and, therefore, represent more general megatrends. See BCG (2016). Transportation and
Logistics in a Changing World: The Journey Back to Profitable Growth. Ptolemus Consulting Group looked at 12 key
trends, however many of them (smartphonisation, electronicpayments, smarter infrastructure) can be grouped under
digitisation. See Ptolemus Consulting Group (2019). Augmented Mobility 2030 Global Study.

In addition to the above named studies, see PWC (2019). Five trends transforming the automotive industry; KPMG
(2019). Mobility 2030: Transforming the mobility landscape; McKinsey (2019). The trends transforming mobility’s
future; Roland Berger (n.d.). Automotive disruption; IBM (n.d.). Automotive 2030:Racing toward a digital future.

7 For example, in PWC (2019). Five trends transforming the automotive industry; Roland Berger (n.d.). Automotive
disruption.
8 KPMG (2019). Mobility 2030: Transforming the mobility landscape, pp. 7-10.
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https://www.rolandberger.com/nl/Insights/Global-Topics/Automotive-Disruption/
https://www.ibm.com/thought-leadership/institute-business-value/report/auto-2030
https://www.pwc.com/gx/en/industries/automotive/publications/eascy.html
https://www.rolandberger.com/nl/Insights/Global-Topics/Automotive-Disruption/
https://www.rolandberger.com/nl/Insights/Global-Topics/Automotive-Disruption/
https://assets.kpmg/content/dam/kpmg/xx/pdf/2019/02/mobility-2030-transforming-the-mobility-landscape.pdf
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to other technologies, and while they still may be helped by Al (in general), Al's influence on these
two trends is more of a support rather than preconditionor enabler.

Therefore, this CoNE analysis largely focuses on digitisation and automation. While
sustainability trends and the sharing economy have many facets, the analysis considers only those
that aredirectly related to the use of Alin transport, namely:

o Sustainability

o Energy efficiency in vehicles

J E-Mobility

o Sharing economy

o Ride sharing

o Vehicle sharing, or more generally, changing patterns of vehicle ownership and use.

As sharing becomes more convenient and wide-spread - and new modes of
transportation develop - individual car ownership may decline, also because
autonomous carsare likely to be more expensive, especially at the beginning.

Figure 4 below summarises the relevant transport megatrends and highlights the focus of the
present CoNE analysis.

Figure 4: Megatrends in transport and focus of the CoNE analysis

Core Al in transport applications
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2.2.2. Enablers

While not the main focus point of the study, the analysis still needs to understand the critical factors
enabling successful Aldevelopment, deploymentand usein transport. The enablers willfit into the
analysis when considering the policy options, because EU-level support of various enablers will
potentially impact on uptake and the various effects/ implications, which are the heart of the
analysis. The study considersthe following enablingfactors: infrastructure, technology, investment,
ethics, legaland policy framework and social acceptance.

Infrastructure

Well-developed, appropriate road infrastructure is necessary to benefit fully from Al applications
in transport.To fulfilthe promises of safe, efficient transportation without congestions, vehicles and
road infrastructure need to operate as a well-integrated system. To deliver safe levels 3-5 of
autonomous driving, the physical infrastructure has to be significantly enhanced and improved.’

°  ERTRAC Working Group (2019). Connected Automated Driving Roadmap, pp. 6-8; Berkley Institute of Transportation

Studies (2017). Intelligent Transportation Systems and Infrastructure, p. 4.
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This includes (additional) development and installation of sensors to collect road and traffic
information, computeitand share it with vehicles.

Connectivity is a critical element for higher levels of automation. Vehicles need to be able to
position themselves against other vehicles (vehicle-to-vehicle or V2V communication) and to plan
and navigate routes.’” Connectivity needs to be sufficient to support multiple vehicles at once and
instantaneously.

Smart grids and charging stations areindispensable to ensure sustainable and shared transport,
butalso to reap full benefits and efficiency gains of Al applications in transportation. "

Technology

The Al technology needs to be mature enough for the deployment —and the criteria to assess its
maturity in the transportsectormay be changingovertime. While major car manufacturers forecast
'true self-driving' or 'nearly self-driving' as early as 2021,'* scholars caution against over-hasty Al
deployment in safety-critical settings, which driving is considered to be." Showing that Al-enabled
systems is operational is not considered a high enough bar, and deploying a premature technology
may result in costly systemfailures, as seen in some cases in the past.

Investment

Investment by private and public actors is essential to ensure the necessary transformation of
infrastructure (i.e. roads and road infrastructure and connectivity infrastructure) to support Al
deployment and use.Fundingis also necessary to support research, development, and innovation
(R&D&I) activities, including commercialisation of Al technology for transport.” It is well
documented how levels ofinvestment and venture capital have influenced the development of Al
in general,” most notablythe lack ofinvestmentcaused'Alwinter'in 1980s.'

Ethical, legal and policy framework

An ethical framework for Al plays a pivotalrole for both the acceptance and wider adoption of Al
considering the nature and the extentof the potentialimplications of Alon the society."” An ethical
framework would provide guidance and inspire trustwhere the legislation and policy are too slow
toreacttorapid and complexdevelopmentsof AL.'® The EU has taken the first step in this direction,
having established the AIHLEG that developedEthics Guidelines primarily addressed to the supply

19 ERTRAC Working Group (2019). Connected Automated Driving Roadmap, pp. 10-11.

Mosquet, X., Pélata, P. (2019). Reinforcing the attractiveness and competitiveness of France in tomorrow’s automotive
industry and mobility.

2 Jon Walker (2020). The Self-Driving Car Timeline — Predictions from the Top 11 Global Automakers. EMERJ research.
Mary Cummings (2020). Rethinking the maturity of artificial intelligence in safety-critical settings. Al Magazine, in
press.

4 WIFO, SPI. VIT and Ecorys (2017). Public Support Measures for Connected and Automated Driving. Report for DG
GROW.

For the current level of investments see DHL and IBM (2018). Artificial intelligence in logistics, p. 12.

For a historical account see NRC (1999). Developments in Artificial Intelligence. Funding a Revolution: Government
Support for Computing Research. National Academy Press.

7 The OECD concluded that ‘trustworthy Al is key to reaping Al’s benefits’. See OECD (2019). Artificial intelligence in
society, p. 16.

On the problematic issues requiring an ethical response see, for instance, UNESCO and ITU (2019).Preliminary study
on the ethics of artificial intelligence.
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https://www.conseil-national-industrie.gouv.fr/sites/www.conseil-national-industrie.gouv.fr/files/files/csf/Automobile/mission-on-automotive-sector-public.pdf
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https://www.nap.edu/read/6323/chapter/1
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https://www.oecd.org/publications/artificial-intelligence-in-society-eedfee77-en.htm
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side.” EU-level action sends a powerful signal against fragmentation of the Single Market and
providing more securityand guidance for the producersand vendors.

Liability and insurance issues need to be sufficiently clear and fit for Al so that the use of such
vehicles can actually start with low legalrisks for those involved.”

State-aid and competition rules need to allow for support and promotion of Al-related research,
infrastructure and data,?' but at the same time remain effective against anti-competitive practices
that Alapplications may enable.?

R&D&l policies are of critical importance for EU competitiveness and advances in Al development
and adoption. Due to Brexit, the EU has lost some of the leading Al research facilities, and to keep
up the pace, the EU needs to foster and encourage Al research and development and promote
innovation environment in the EU-27.%

Dataregulation needs to allow companies collecting, sharing (both horizontally and vertically) and
analysing large amounts of data necessary for semi- and fully automated vehicles to drive.
Companies also need access to governmentdata and datacollected with publicfunding.*

Standardisation will drive and steer the market adoption of Al applications.?> Standards/
certification can make or break development and deployment of specific Al systems. They are also
a powerfultoolfor dissemination of best practices.

Social acceptance

Social acceptance is a critical step in adoption and commercialisation of Al. Without the public
embracing the Al technology, many applications may remain theoretical or not reach their full
capacity. The public perception and acceptance of Al is closely linked to (and is likely to be
dependent on) the ethics of AL.%

Focus of the CoNE study

The CoNE study focuses in particular on the legal and policy framework. The study assumes that
changes to the legal and policy framework influence each of the other enablers as none of them
works in isolation. As such, the study will need to illustrate the various enablers and how they
interact, but legal and policy will be the indicators of choice for this.

% AIHLEG (2019).Ethics Guidelines for Trustworthy Artificial Intelligence.
20

Renda A (2019). Artificial Intelligence: Ethics, governance and policy challenges. Report of a CEPS Task Force, pp. 88-
89.

21 WIFO, SPI. VTT and Ecorys (2017). Public Support Measures for Connected and Automated Driving. Report for DG
GROW, pp. 157ff.

Autorité de la concurrence and Bundeskartellamt (2019). Algorithms and competition — White paper.

22

23 Renda A (2019). Artificial Intelligence: Ethics, governance and policy challenges. Report of a CEPS Task Force, pp. 123-

124.
24 |bid, pp. 61,99,122-123.

25

Madiega T (2019). EU quidelineson ethicsin artificial intelligence: Context and implementation. EPRS Briefing Paper,
pp. 8-9.

On public perceptions of Al see Nordhoff S, de Winter J, Kyriakidis M, van Arem B, and Happee R (2018). Acceptance
of Driverless Vehicles: Results from a Large Cross-National Questionnaire Study. Journal of Advanced Transportation;
Pew Research Center (2018). Artificial Intelligence and the Future of Humans.

26
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2.2.3. Al applications

Thereis myriad of Al applications in road transportthat we currently know of —-and many more are
likely to be developed as Alis better developed and understood.” To narrow downthe scope of this
study, its focus will be on those applications that fallunder the two main megatrends emphasised
as mostrelevantin Section 2.2.1: automationand digitisation.

The main Al application under the automation megatrend is self-driving vehicles (e.g. trucks,
means of public transportation, personal vehicles). A lot of other Al applications fall under the
digitisation megatrend,of which the study takesinto accountthe following:

o Intelligent Transport Systems (ITS) that can be supported and enhanced by Al to
improve traffic analysis forecast and management, which will have further positive
implications for road safetyand accident/ incident prediction and traffic congestion;

o Al for journey planning and optimisation, which would also include Al-based ITS;

o Improvement of vehicular control systems that will ultimately optimise individual
driving (and, therefore, traffic flow) and improve car and traffic safety;

° Al applications for remote transport infrastructure monitoring, maintenance and
repair and remote vehicle monitoring, maintenance and repair;

o Al applications supporting Mobility-as-a-Service (MaaS) that make possible or

optimiseintermodal transportationand journey.

The CoNE study focuses on those Al-based applications that are specific to the movement of
goods and people. As such, issues around warehousing and logistics-specific issues (such as
package optimisation) will remain outside of the scope of this study. This does not mean that the
analysis willnot addressthemas a partof the wider framework, butthe analysis will not look at their
various effects.

2.2.4. Effects

As Al in transport unfolds along the megatrends, a variety of effects will be observed, which this
study looks to analyse, both on a baseline and along different policy options. These effects will be
measured both via a literature review and an economic model, based on a computable general
equilibrium (CGE) model (see Annex lll for detailed description). The CGE model will focus on the
economic effects, while the literature studywillanalyse the environmental, social, andfundamental
rights effects based on any qualitative and quantitative data thatwe might find.

As Alin transport unfolds along the megatrends, a variety of effects will be observed. While at the
moment it is impossible to know what exactly willhappen and how exactly it will happen, based on
the state-of-the-art scholarship, at least the following implications can be expected.®

Economic implications

Economic implications of Al deployment in transport are likely to be mixed. On the one hand,
positive economic effects of Al in the transportsector come out of the increased efficiencies that
will be created along all modes of transport (including those within the scope of this study),

27 Anoverview of various Al applications in transport is given in Abduljabbar R, Dia H, Liyanage S, and Bagloee S (2019).

Applications of Artificial Intelligence in Transport: An Overview. Sustainability.

28 Much ofthe literature to which artificial intelligence is relevant refers, rather, to the products and services that Al may

support, but are not necessarily prerequisites. In the final analysis in Chapter 5 (i.e. CGE modelling), the impact of Al is
isolated to determine itsoverall role.
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increasing economic competitiveness of Europeanindustries, as well as new businesses that will
be enabled with the use of Al.

Oneofthe primary economicimpacts of Alin the transportationsector comesfrom reduced travel
times enabled by ITS, which provides benefits to both consumers and industry. This will lead to
better traffic management and smooth traffic, lower traffic congestion levels and shorter waiting
times at trafficlights. AS a result, also fuel usage and costs would be reduced, providing both an
economicand (potential) environmental impact.

More efficient use of road infrastructure is likely to result in lower maintenance costs. The
deployment of ITS will allow for better monitoring and remote maintenance and repair of
infrastructure. In addition,some of the existing infrastructure (e.g. road marks) will become obsolete
when fully autonomous cars aredeployed. Togetherwith the promisedincrease in road safety, this
will reduce public expenditure oninfrastructure, roadpolicing and associated law enforcement as
well as public health costs.

Second-order economic impacts can be expected for other sectors that are linked to
transportation directly (e.g. software, logistics) or indirectly (i.e. become due to free travel time). For
example, the increased adoption of Al-enabled cars should lead to insurance costs optimisation
dueto access to (moreandbetter) data from CAVs. EU hardware and software companies working
on Connected and AutonomousVehicles (CAVs) should also experience economicgains.

However, the use of Al in transport will come at a cost that will partially off-set these benefits. The
deployment and maintenance of the necessary infrastructure and connectivity are likely to
constitute the most significant part of the future costs. Section 3.3.1 will explore in detail both
economic costs and gains of Alin transport.

Social implications

Significant implications of Alapplications are expected for the employment in the transport sector.
While media frequently highlight the loss of jobs and Al replacing the human driver, industry and
scholarly analysis presenta more nuanced picture and considers further professions. For instance,
the transport sector hopes that Al and robotics applications would compensate for the worker
shortage that the industry has been experiencing for years.? Al application in transport will
increase demand for highly skilled labour (e.g. software engineers), but affect more low-skilled,
routine jobs (e.g. in haulage, private vehicle hire).*® The study will discuss various effects on
employmentin Section 3.3.2.

Fully automated drivingis predicted to be much safer, with fewer accidents and fewer injuries and
property damage. It will also provide new opportunities to travel (for work or pleasure) for less
mobile populations (e.g. disabled, elderly, children), people on lower incomes who cannot afford
personal vehicle. Assuming that these technologies drive down the overall cost of transportation,
by making it easier to access personalised transportation without requiring ownership, this could
improve social inclusion. Fully automated drive could increase access to goods and services and
provide other opportunities for excluded groups. Ultimately, improvements in the quality of life
can be expected due to cumulative effects of Al applications in transport and will be strengthened

29 |RU (2018). Tackling the driver shortage crisis.
30

Acheampong R.A, Thomoupolos N, Marten K, Beyazit E, Cugurullo F. and Dusparic I. (2018). Literature review on the
social challenges of autonomous transport. STSM Report for COST Action CA16222 ‘Wider Impacts and Scenario
Evaluation of Autonomous and Connected Transport (WISE-ACT), p. 4.
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by the economic, environmental and fundamental rights' effects. Social effects will be outlined in
more detailin Section 3.3.4.

Environmental implications

Environmentalimpacts of transportaremany, and Al applicationsin transport are going to influence
all of them (see Section 3.3.3 for details).?' For instance, it is expected that self-driving cars and
especially car/ ride sharing and improved public transport will significantly reduce polluting
emissions of carbon and other greenhouse gases.*’ Alenabled management of traffic flows could
reduce congestion and engineidling by ensuring constantflow of trafficat optimal speeds. Traffic
forecasting would allow to choose the most time-and energy-efficient route. The reduction of fuel
consumption will be enabled by greater efficiency of AVs, superior trip planning and driving
functions. Al-enabled effective deployment and use of sustainable (electric) cars should enhance
these positive effects on the environment. >

Some experts are also expecting longer term waste reduction on the assumption that fewer crs
will be needed due to sharing economy, efficient public transportation and intermodality and
therefore fewer are manufactured.

However, some scholars caution about potential negative environmental impacts that result from
the so-called rebound effects that occur when an improved efficiency leads to higher
consumption.* Driverlesscars may be used more often and for longer trips due to the coverage of
previously underserved users and because the trips will be more comfortable. This could (partially)
offset thereduction of pollution and waste.

Fundamental rights implications

Technologies based on Al are disruptive both positively and negatively. The positive disruption
through Alwould lead to more equitable social outcomes and moreefficient capital allocation. But
these benefits also challenge cherished fundamental rights of EU citizens by bringing the risk of
discrimination, risks related to privacy, data protection, and other fundamentalrights.*

An effect of the increasing collection of data necessaryfor Alis in particular worrisome as it leads to
a shrinking privacy sphere for all. This is reflected in the example of the creation of data patterns
of drivers forinsurance purposes,whereby driversare 'nudged' towards better driving behaviour
with the incentive of reduced insurance premiums. Effectively, this also raises questions of data
ownership and control as well as implications for personal autonomy.

Benefits of Alin transport relating to fundamental rights refer toaspects of equality and inclusion.
Here, Al developments have the potential to enable higher mobility and inclusion in the socio-

31 See CE Delft (2019). Handbook on the external costs of transport. Study for the DG MOVE.

32 Ryan M (2019). The Future of Transportation: Ethical, Legal, Social and Economic Impacts of Self-driving Vehicles in
the Year 2025. Science and Engineering Ethics.; Scientific American (2014) Self-Driving Cars Could Cut Greenhouse Gas
Pollution.

33 Mosquet, X, Pélata, P. (2019).Reinforcing the attractiveness and competitiveness of France in tomorrow’s automotive
industry and mobility, pp. 26ff.

34 Pakusch, C, Stevens, G, Boden, A. and Bossauer, P. (2018). Unintended Effects of Autonomous Driving: A Study on
Mobility Preferencesin the Future. Sustainability 10:7.

35 See Vetzo, M, Gerards, J, and Nehmelman, R.(2018). Algoritmes en grondrechten, Utrecht University/Boom Juridisch;
Wagner B. et al. (2018). Algorithms and human rights. Study on the human rights dimensions of automated data
processing techniquesand possible regulatory implications, DGI(2017)12, prepared by the Committee of Experts on
internet intermediaries (MSI-NET) for the Council of Europe.
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economic life of people with reduced mobility, such as the disabled or elderly. Given that mobility
restrictions forthese groupsof people are oftenbased on physical limitations,such as limited sight,
or ability to react quickly, autonomous vehicles may lead to the reinstating of theirindependence
and (re)enabling their participation in economicand social life.>®

2.3. The enablersand effectsin the CoNE scope

The above discussion has addressed both first- and second-order enablers and effects of artificial
intelligencein the transportation sector. Keeping all of the elements discussed above risks, however,
having the analysis touch on too many interconnected components, especially for those
components that fall well outside of the domain of the transportation sector. As such, our analysis
looks to focus primarily onfirst-order enablers and effects,meaning those applications that will have
a directimpact on transportation rather than an intermediary effect.

Smart grids are a good example of what we define as second-order effects. Smart grids are tied to
the transportationsector in that electrification of vehicles is seenas anessential component of clean
transportation. By extension, artificial intelligence helps to make smart grids more effective in
numerous ways, such as through more effective energy storage management (production and
distribution), improved cybersecurity within the grid, more efficient real-time pricing methods, and
many other applications. However, smartgrids are not a direct input into improved transportation.
As such, they would remain outside of the scope of this exercise.

The table below lists first-and second-order enablers and effects, providing a guide as to what the
study will and will not analyse. It should be noted that the econometric modelling (Chapter 5) will
further narrow the scopefocusingonly on thefirst ordereconomic effects.

Table 3: Enablers and effects of Al in transport

-_ First order (in scope) Second order (out of scope)

Road infrastructure
o Connectivity?’
o Technology

Enablers

Public-sectorinvestment
Private-sectorinvestment
Ethical framework for Al
Liability and insurance
State-aid and competition
rules

Research, development,
and innovation policies

Economic growth

Smart grids

Charging stations

Electric vehicles

Smartcities and the related
infrastructure (such as sensors)

Manufacturing and production

Number of jobs for Warehousing
Effects Economic transport industry Logistics-specific effects —
Increased increased efficiencyof

36

37

12

entrepreneurship
Increased efficiencies

transportation in general will
have an effect onlogistics, but

Ally, S. et al (n.d.). Accessible Personal Transportation for People with Disabilities Using Autonomous Vehicles. Purdue

University working paper.

Specifically ubiquitous 4G+ connectivity. For further discussion on why 5G need not be the focus and would, in fact,
be a second-order enabler, see Form A, Born M, Freyberg A and Scheck F (n.d.). 5G:a key requirement for autonomous

driving—really?
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° Improved mobility,
Social including social inclusion
° Road safety
° Quality of life
° Reduced airand noise
pollution3®
Environmental Reduced waste
° Reduced greenhouse
gasses
° Data privacy and
Fundamental protection issues
rights . Exclusion and

discrimination

38

the study will notanalyse
components such as package
delivery

Employmentforthe
automotive industry, which
wouldinclude issues such as
fuelling

Reduced environmental effects
of electrification in general

Ethical decision-making
Data standardisation (and
sharing)

While increased efficiency can reduce pollution of individual trips, it should also be noted that this same increased
efficiency can lead to greater numbers of trips, which can mitigate and environmental benefits.
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3. Understanding the market for artificial intelligence and
road transport

Key points

Artificial intelligenceis a major enabler of autonomous vehides, which will be by and far the most significant
contributor to and driver of economic, economic, social,and fundamental rights effects of Al applications in
the sector. It potentially transforms patterns of ownership, maintenance, and personal mobility.

Al in the transportation sector is expected to add 16 % equivalent of €11 trillion by 2030 to the global
economic output. Moreover, Al is estimated to contribute to an annual average productivity growth of about
1.2 % over the same period. While experts believe that Al will lead to a net economic benefit, from an
employment perspective, low skilled labour will bear the brunt of disruptions in the labour market. In Europe,
optimistic case scenarios estimate that 3.2 million truck-drivers registered in 2017 are expected to decrease
up to half a million by 2040.

Al is also expected to provide environmental benefits through better energy efficiency and driving of cars,
the positive impact of the ITS able to optimise the flow of traffic, the reduced rate of accidents resulting from
both improved road conditions and more capable than human autonomous vehicles, and possibly new
usages and relationship to the car resulting from fully autonomous vehicle.On the other hand, there is both
an uncertainty and a risk of a rebound effect, where the easier, more affordable way of traveling could partly
negate the positive effects that Al could have on the environment.

From a social perspective, huge benefits are expected in safety of road traffic. Self-driving cars will be
programmed to obey the laws and rules, they won't be distracted, speed or drive under influence of alcohol
or drugs. They also provide new mobility options to some disadvantaged groups, such as the elderly and
disabled. From a fundamental rights perspective, however, the data volume necessary to supported
automated functions is enormous. Scientists calculate that cameras of AV would generate between 300
gigabytes to 5.4 terabytes per hour, and all sensors could record between 1.4 terabytes to around
19 terabytes per hour. The autonomous vehicle supported by Al potentially becomes another data privacy
threat.

3.1. Market overview

3.1.1. Description of the road transportindustry by segment

This section describes the different segments of road transportation. The descriptive analysis is
largely based on the Transport glossary of European Commission and Eurostat and, therefore, terms
and definitions correspond to legal ones.** Within this framework, we differentiate between the
transportof passengers (personal or public) and that of goods (freight transport).

Personal transport

Passenger vehicles exclusively designed to seat no more than nine persons (including the driver)
are the most used means of transport on European roads. The most common categories of such
vehicles include private (also indicated as passenger) carsand light commercial motorvehicles (eg.
taxi vans, with a gross vehicle weight of no more than 3.5 tonnes).* Privately owned vehicles
operating for personal use remain the dominant passenger transportation mode accounting for

39 European Union, United Nations, UTF and OECD (2019). Glossary for transport statistics, 5th edition.
40 ACEA (n.d). Vehicle in use statistics.
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71 % of overall European passenger traffic.* By 2017, in EU-28, there were some 268 million
passenger vehicles with a motorisation rate of 602 vehicles per 1 000 inhabitants.*

Table 4: Vehiclesin use in the EU-28,2017

Motor vehicles (EU) 308.3 million units 2017
Passenger cars (EU) 268.0 million units 2017
Motorisation rate (EU) 602 vehicles per 1,000 inhabitants 2017
Average age of cars (EU) 11.7 years 2017

Source: European Automobile Manufacturers Association.

Electricand hybrid electric passenger vehicles

Electric passenger vehicles refer to the aforementioned tonnage for their propulsion electricity
stored in an on-boardbattery, chargeable by plugging carcharger into an electric grid. In this report,
all vehicles with a built-in electric motor will be referred as EVs (electric vehicles).

Hybrid electric vehicles (HEVs), also refer to the aforementioned tonnage with the distinction of
combining a conventionalinternal combustionengine with an electric propulsion system. HEVs do
not need a recharging infrastructure as the electricity is generatedinternally from both brakingand
theinternalcombustionengine.

In therecentyears, there has been a constant increase in the number of electricand hybrid electric
passenger vehicles registered across Europe. In 2017, around 2 million (0.8 %) registered passenger
cars were classified as electric or hybrid electric.* The most rapid growth in this sector came from
hybrid electric-petrol cars with almost seventimes more prototypesregistered in 2017 (1.5 million)
compared to the number recordedin 2013 (0.2 million).*

41 European Court of Auditors (2018). Towards a successful transport sector in the EU: challenges to be addressed, p. 18.

42 ACEA (n.d.). Vehicle in use statistics.
43

Eurostat (2019). Number of electric carsison the rise.
4 |bid.
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Figure 5: Number of electricand hybrid electric cars registeredin the EU-28,2013-2017
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Source: Eurostat.

Among the EU Member States, Swedenleads in termsof adoption of EVs and HEVs followed by four
other countries with more than 1% of their registered cars being either electric or hybrid electric
Poland (1.9 %), United Kingdom (1.5 %), France (1.4 %) and Belgium (1.2 %).*

Figure 6: Share of registered EVs and HEVs in the EU (in %), 2017
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Source: Eurostat.

Freight transport

Road freight transport refers to the total movement of goods using vehicles on national and/or
international road network. Commercial vehicles responsible for road freight transport are
exclusively designed to carry goodsand are categorisedas following:*

45 Eurostat (2019). Number of electric carsison the rise.
46 European Union, United Nations, UTF and OECD (2019). Glossary for transport statistics, 5th edition, p.41.
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1 Light goods road vehicles (e.g. transit vans, pickup trucks) with a gross vehicle
weight of not more than 3.5tonnes.

2 Medium and heavy goods road vehicles (e.g. trucks) with a gross vehicle weight
above3.5tonnes.

Light goods road vehicles are key players in the logistics chain, responsible for the 'last mile' delivery
of goods in urban areas and mainly used by SMEs as business tools. Heavy goodsroad vehicles are
vitalfor cross-border trade among European countries andbeyond. The share of road use forinland
freighttransport has increased from 75.1%in 2011 to 76.4 % in 2016. Road freight transportis one
of the mostimportant sectors of the European economy responsible for 44 % of goods transported,
generating close to 2% GDP.* Since 2017 many European countries have seen arise in adoption of
electric vans and trucks. New registered electric vans and trucks are shown in section 3.1.4.

Public transport

Public transport presents an alternative to the use of private cars and includes busses, coachesand
minibuses designed to seat more than nine persons. Public transport systems operate on fixed
routes and schedules andare being used by around 32 % of Europeansat leastonce a week.*® While
transit busesdominate public transportwithin a single metropolitan region, coachesand minibuses
are massively used for longerdistances such are intercity or cross-country services.

Coaches, buses and trolley-buses account for 9.4 % of inland European passenger transport.* This
represents more than 525.5 billion passenger-kilometres per year. In the EU, urban and sub-urban
buses make 55.7 % of all publictransport journeys (or 32.1 billion passengerjourneys per year).>

Though public transport is often understood as transport systems fully belonging to the state, the
private sector hasanincreasing participationin Europe in these services. The involvement of private
sector in European public transportation has brought digital innovation and new services offering
lower cost for the user and reliable travel times. Since 2018, the publictransport hasalso seen a rise
in the adoption of electric buses. The numbers for new registered buses across European member
statesareshownin section 3.1.4.

3.1.2. Size of sector segments

Road transportis vital for the European economy and single market. It accounts for the bulk of
passenger and freight journeys by volumein Europe. The sector employs about 5.1 million people
across the EU and generates about 2 % of its GDP.*' Personal transport is the dominant passenger
mode of transportation as Europeans travel mainly by road. Trucks and vans are the most used
means of transport to deliver goods andservices carrying 76.7 % of freight transported overland.?

The European automotive sectoris among the world's biggest manufacturers of motor vehicles
producing 19.2 million cars, vans, trucks and buses per year, and the largest private investor in R&D
in Europe, accounting for €54 billion invested in 2018.> The automotive sector employs over 138

47 European Commission (2012).Road transport: A change of gear, p. 2.

8 Flash Eurobarometer 382b (2014). Europeans’ satisfaction with urban transport, p. 4.

4% Eurostat (2020). Passenger transport statistics, p. 1.

50 ACEA (2019).Economic and Market Report: EU Automotive Industry - Full-year 2018.
51

European Commission (2012).Road transport: A change of gear, p. 2.
52 ACEA (n.d.). Facts about the automobile industry.
53 ACEA (2018),€54 billion spent on R&D by EU auto sector per year, latest data show.
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million people across the EU.** The sector is an important contributor to the EU economy,
accounting for €84.4 billion of trade surplus and an annual turnover thatequals 7 % of EU GDP.>

3.1.3. Transport contribution to the EU Economy

European household expenditures in the transport sector are significant. In 2017, private
households spent €1 089 billion on transport-related items that is equivalent of 13 % of their total
consumption.The majority (€542 billion) was spent on transport equipment (e.g. to buy fuel for the
car). Around 30 % of the total (€313 billion) was used to purchase vehicles whereas €234 billion was
spent on transport services (e.g. bus, train, plane tickets).>

The total turnover of the transport sector in Europe was €1.5 trillion in 2016. Road freight
transportwas rankedsecond among other activities, generating €336.9 billion of turnoverover the
same period. Road passengertransportturnover amounted to €141 billion.*’

Figure 7: Total turnover of the transport sector in the EU-28 in 2016, by mode of transport
(in millions of euros)

Warehousing and support activities

Road freight transport

Air transport

Road passenger transport®
Postal and courier activities
Sea transport
Raihways
Pipelines

Inland water transport

Source: Statista, 2019.

Road freight sector is the largest employer within the EU transport industry.>® In 2016, the road
freight sector employed 3.2 million people, ahead of warehousing and support activities. Germany
had the greatest transportworkforce among the EU countries.

54 European Commission (n.d.). Automotive industry.

55 ACEA (n.d.). Facts about the automobile industry.
56

European Commission (2019).Transport in the European Union: Current trends and issues.

57 Statista (2020). Total turnover in the transport sector in the European Union (EU-28) in 2016, by mode of transport.

58 Statistica (2020). Number of employeesin the transport industry in the EU-28 2016, by sector.
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Figure 8: Number ofemployeesinthe transportindustry inthe EU-28 (in thousands) in 2016,
by sector
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Source: Statista.

In 2017, the transport and storage services sectoraccounted for 11.7 million employees, or 5.3 % of
the total workforce in Europe. Around 52% of them worked in land transport (road, rail and
pipelines).>

The transport and storage services sectoraccounted for5 % of total gross value added (GVA) in the
EU-28in 2017, equivalent to €675 billion of GVA in current prices.® The automobile industry exports
6.1 million vehicles each year worth €138.4 billion. This corresponds to €84.4 billion of trade surplus
forthe EU.®

Since 2010, passenger transport volumes (measured in passengers per km) have grown by 9 %.
Passenger cars have seen an increase of 6 % in their usage, whereas the use of buses and coaches
decreased by 4 %. Passenger transportdemandin Europe (per km) reachedan all-time high in 2017
amounting to 6913.3 billion persons/km(17.3 % higher than in 2000). Passenger carsaccounted for
70.9 % of this total.®?

%9 European Comission (2019).EU transport in figures. Statistical pocketbook 2019.

5 |bid, p. 19.

61

ACEA (2019).The EU automobile industry: engine of innovation, employment, trade and growth. Video.

62 EEA (n.d.). Passenger and freight transport demand in Europe.
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Figure 9: EU-28 passenger transport volume and modal split
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Source: European Environmental Agency.

Road transport is dominated by personal transport (82.9 %), followed by buses and coaches
(9.4 %).

Figure 10: Share of passengers per km (in %) travelling by cars, buses and trains in the EU-
28
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Source: European Court of Auditors (2018).Towards a successful transport sectorin the EU: challenges to be
addressed, p. 18.

Total road freight volumes in 2017 were around one-quarter higher than in 2000 as 49 % of EU
freight transport activity was carried out by road in 2017. The total goods transport activities in the
EU-28 amounted for 3731 billion km. The figure below includes intra-EU air and sea transport but

63 European Court of Auditors (2018). Towards a successful transport sector in the EU: challenges to be addressed, p. 18.
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not transport activities between the EU and the rest of the world. Road transport accounted for
50.1 % of this total.®*

Figure 11: Freight transport volume and modal split withinthe EU-28
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In the EU-28, the share of road use forinland freight transport has increased from 75.1%in 2011
t076.4 % in 2016.%

Figure 12:Share of freight ton/km (in %) transported by road, inland waterways and rail in
the EU-28
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Source: European Court of Auditors (2018).Towards a successful transport sectorin the EU: challenges to be
addressed, p. 19.

Vehicle ownershipin the EU continues togrow. The number of passenger cars per 1000 inhabitants
hasincreased by almost28 % from 410 per 1000 inhabitants in 2000 to 515.68 per 1000 inhabitants

64 EEA (n.d.). Passenger and freight transport demand in Europe.

65 European Court of Auditors (2018). Towards a successful transport sector in the EU: challenges to be addressed, p. 19.
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in 2017. Over the same period, this change was more moderate for buses and coaches: from 16
buses and coaches per 1000 inhabitants in 2000 to only 1.68in 2017.%

Figure 13:Vehicle ownership in the EU-28 (per 1 000 inhabitants)
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3.1.4. Sales and production

19.2 million motor vehicles were manufactured in the EU in 2018 of which 16.5 million were
passenger cars.® Production of passenger cars in the EU slowed down in 2018, as domestic
demand weakened and car export volumes declined (-1.6 %).%®

Figure 14: Passenger car production in the EU-28
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Source: European Automobile Manufacturing Association.

Over 2.6 million commercial vehicles were produced in the EUin 2018 with an increase of 400 000
comparedto 2016.%

66 EEA (2019). Vehicle ownership and truckintensity.

ACEA (n.d.). Passenger cars EU.
68 ACEA (2019). Economic_and Market Report: EU Automotive Industry -Full-year 2018, p. 15.
69 ACEA (nd.). Commercial vehicles EU.

67
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Figure 1: Commercial vehicle productioninthe EU-28
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15.1 million new passenger cars were registered in the EUin 2018.Registrationsin the EU-28 were
dominated by the larger Member States (Germany, France, the UK) that accounted for more than
50 % ofthetotal. Germany is the largestmarket, with a 23 % share of the total European market.”

In 2019, the adoption of electric cars saw a rapid growth across European countries. Germany
(26 030) had the biggest number of EV registrations by Q1 2020 followed by France (25 960), and
the Netherlands (8 699). Czech Republic and Italy significantly adopted EVs in 2019 with a year to
year change of respectively 497.9 % and 355.2 %.

Table 5: New passenger EV registrations in EU-27 and UK

e e =

Germany
France
Netherlands
Sweden
Italy

Spain

Czech Republic
Total EU27
EU14

UK

EFTA

26030

25960
8699
5638
5399
3948
855
94722
88790
18256
20285

15944

10569
8626
4091
1186
2752
143
55968
52988
5997
21887

63.3

145.6
0.8
37.8
355.2
43.5
497.9
69.2
67.6
204.4
-7.3

Source: IDATE Digiworld, data extracted from National Automobile Manufacturers' Associations.

70 |CCT (2019). European vehicle market statistics. Pocketbook 2019/20,p. 11.
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In the recent years, the luxury car market across Europe has been steady with relatively small
change in highs and lows. Such segment generally follows the economic trends and is also
influenced by the distribution of wealth within the EU. As shown in Figure 16, luxury cars sales in
Europe saw an increase between 2015 and 2017 when the euro area experienced the highest
economicgrowthinthelast5years (on average more than2 %).”

Overall, German automakers (i.e. Mercedes Benz, Audi) dominate the sales in Europe while British
and American ones continue to drive sales in this segment.

A downturn of luxury car sales is expected to follow in the post-COVID-19 period as a result of the
expected recessionin 2020.

Figure 2: Luxury car salesby make in EU-27 and UK, (in thousand vehicles)
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Source: Statista, 2020.
Note: In scope are passenger luxury cars, ultra-luxury cars; out of scope are premium compact and executive
cars, luxury SUVs/ crossover cars.

In the recent years, the corporate channel in Europe has overtaken the private channelin terms of
vehicles registrations. Corporate fleets registrations rose from 7.2 million (less than 50 % of total
car registrations) in 2010 to 8.7 million (58 % of total registrations) in 2016. In 2016, Germany led
true fleet registrations (924 305 new registered corporate cars) followed by France (751561) and
Italy (430 489).

Pre-COVID-19forecasts expected a slightincrease in European corporate fleet. Such growth remains
uncertain following the post-COVID-19 recession.

7T World Bank (2019). GDP_growth (annual %) -Euro area.
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Figure 3: Corporate car registrations in Western Europe (in millions),2012-2021
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Source: Deloitte analysis, Dataforce (2016),LMC (2016).
Notes: OEM refers to OEM self-registrations (to employees). Rental refers to rental cars (short, medium, and
long-term rental). True fleet refers to corporate fleets with or without full-service leasing

In 2017, there were some 29 million vans on the EU's roads. Overall, in 2018, EU demand for
commercial vehicles continued to growand wentup by 3.2 % compared to 2017. Approximately 2.5
million commercial vehicles/vans and buses were registered in 2018 across the EU, which is the
highest volume on record since 2007.72 In Q4 2019, commercial vehicle registrations in Europe
increased by 5.7 %.

Figure 4: New commercial vehiclesregistrations inthe five big EU markets
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Source: European Automobile Manufacturing Association.

In 2019, the demand for new electric vans across Europe grew by 22.9 %, representing 1.2 % of
total EU light commercial vehicle sales. The biggest markets for electric vans were France (8 087)

72 ACEA (2019). Economic and Market Report: EU Automotive Industry - Full-year 2018, p. 18.
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and Germany (6 704) that made up almost 60 % of prototypes registered across the EU.” The
number of new hybrid electric vans registeredin 2019 grew by 159.8 % compared to the previous
year,accounting for 4577 new prototypes. The triple-digit growth, however, was mainly the result

ofan emerging market.

Table 6: New electricand hybrid electric vans registrations in the EU-28

ELECTRICALLY-CHARGEABLE

HYBRID ELECTRIC

2018 018 %change 2018 2018 %change
Austria 504 459 0.8 ] ]
Balgium 400 263 521 45 18 150.0
Cyprus 4 = ] =
Czech Republc 33 22 0.0 3 0
Denmnark 267 223 20.3 451 397 13.60
Ecton 3 1 2000 0 1
Finland &0 55 9.1 16 16 0.0
France BOET 8,153 0.8 1,861 TG0 1449
Germany 5,04 6,006 116 a1z 124 131.6
Gragce 11 13 -15.4 2z 0
Humngary 7h 133 39.0 7 [i]
Ireland 332 B4 2952 1 [i]
Italy 1,046 B4 2.4 1,256 437 196.6
Latvia 2 0 i} 0
Luxembourg B5 44 93 2 (1]
Metherlands 1,280 97E 09 4 0
Paland 130 42 20452 2 1 100.00
Paortugal 213 253 -15.8 4 4 556
Harmania b4 23 134.4 g 0
Shovalaa 23 13 2ra i} 0
Slovenia 41 = =
Spain 15937 1824 &.1 6ba a
Swaden 1,389 755 84.0 110 0
United Kingdom 1427 1,269 122 =
EURCPEAM UNION 247 97 9 4577
Mafway 2016 1.774 13.6 0 0
Switzerland 581 298 50 3 1.566.7

Source: European Automobile Manufacturing Association, 2020.

In 2017, more than 6 million trucks were in circulationthroughoutthe EU. In 2018, newly registered
heavy-trucks (excluding buses and coaches) across the EU grew by 3.5% compared to 2017

73 ACEA (2020). Fuel types of new vans: diesel 92.8%, electric 1.2%, alternative fuels 1.3% market share in 2019. Press

release.
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accounting for over 200 thousand units.”* Furthermore, 269 700 heavy-trucks were exported
worldwidein 2018, valued €5.5 billion and responsible for a trade surplus of €5.2 billion.In Q4 2019,
EU demand for new trucks decreased by 9.4 % resulting in the decline in heavy-truck registrations.””

Figure 5: New medium and heavy commercial vehicle registrations in the five big EU
markets
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Source: European Automobile Manufacturing Association.

In 2019, the demand for transport saw a rapid growth (+109.2 %) across the EU. Such high growth is
mainly the result of a low base of comparison. New registrations of electric trucks went from 357
trucks in 2018 to 747 in 2019, accounting for 0.2 % market share.”® Germany leads by far the
adoption of new electric trucks (608) followed by the Netherlands (76) and France (24). Together
they accounted for 95 % of all EU truck registrations in 2019.”” By contrast no electric trucks were
registered atallin 12 EU countries over the same period.

Hybrid electric trucks saw a decline in sales in 2019, accounting for down 10.8 % compared to
2018.

74 ACEA (n.d.). Trucks.

7> ACEA (2018).Economic_and Market Report - EU Automotive Industry Full-year 2018.

76 ACEA (2020). Fuel types of new trucks: diesel 97.9%, electric 0.2%, hybrid 0.1% market share in 2019.Pressrelease.
77 bid.
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Table 7: New electricand hybrid electric trucks registrationsin the EU-28

ELECTRICALLY-CHARGEABLE HYBRID ELECTRIC
209 ms %change 2039 me %change
hustria = =
Belgium 0 0 i} 0
Cyprus i} = 1 =
Czech Republic & - 0 -
Denmark 3 3 0.0 0 0
Estonia 0 0 0 0
Finlamd 0 0 & 5 0.0
France 24 9 166.7 4 49 G
Germany 608 27 1179 10 4 150.0
Greece 0 0
Hungary 0 0 0
Irelamd i} i} i}
Italy 10 3 2333 74 138 6.4
Latvia 0 0 0 0
Luxembourg = =
Netherlands Th 25 40 4 fi 43 3
Poland 1) 0 2 1 100.06
Portugal 0 0 9 12 250
Homania 1) 0 0
Slovakia i} 0 0
Slovenia = =
Spain 4 100.0 a1 L 7.
Sweden 2 2 n.o i} 3 200
United Kingdom 10 32 -GB.8 0 0
ELEDEEAN LINION . aar z
Merway 2 10 800 0 0
Switzerland 13 8 62.5 1 0
18 1

Source: European Automobile Manufacturing Association, 2020.

In 2017, there were 892 861 buses in circulation on Europe's roads.”®In 2018, registrations were up
by 1.3 % compared to 2017, with 41 599 buses and coaches registered across the EU.”In 2019, new
bus and coach registrations increased by 1.8 %.%

78 ACEA (2017).Fact sheet: Buses.
79

European Comission (2019).EU transport in figures. Statistical pocketbook 2019.
80 ACEA (2018).Economic and Market Report - EU Automotive Industry Full-year 2018.
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Figure 6: New medium and heavy bus and coach registrationsin the five big EU markets
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Source: European Automobile Manufacturing Association.

The adoption of electric buses is increasing every year in Europe. In 2019, registrations of new
electricbusesincreased by 170.5 % accounting for 1607 units and almost4.0 % of total EU bus sales.
There exists, however, a significant difference among EU Member States in terms of electric bus
adoption. In 2019, the Netherlands was the biggest market registering 381 new electric buses,
followed by France (285) and Germany (187).8' These three countries accounted for more than half
of all electric busses sold last year. On the other hand, eight EU countries did not register any new
prototype.

In 2019, hybrid buses adoption followed a rising trend with 1 918 new units sold across the EU,
equivalent of 59.7 % more than in 2018. Almost all hybrid bus registrations were concentrated in
just six countries: Germany (454), Spain (427), Belgium (371), ltaly (255), France (210) and the
Netherlands (125).82By contrast, 13 EU countries registered no units at all.

81 ACEA (2020).Fuel types of new buses: diesel 85%, hybrid 4.8%, electric 4%, alternative fuels 6.2% share in 2019. Press
release.

8 |bid.
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Table 8: New electricand hybrid electricbuses and coaches' registrationsin the EU-28

ELECTRICALLY-CHARGEABLE

HYBRID ELECTRIC

2019 2018 “ohange 2019 2018 Lehange
Austria &0 18 2333 0 0
Belgium ar 14 164.3 an 2N &7.9
Cypris 0 = 1 =
Crech Republic 4 - 0 =
Danmiark 100 ¢ 4,900.0 0 0
Estonia I i} a i
Finilard 40 1 3.900.0 0 0
France 285 a5 200.0 210 266 4.3
Germany 187 43 3349 454 227 100.0
Gresce 1 -1064.40 a
Hungany 1 -10:0.0 1
Irelamd ] 0
Italy b5 53 2256 255 19 1,242
Latvia i 4 =30, 00 a [
Luxembourg — —
Metherlands 38 103 2699 125 i
Paland o4 63 -14.29 a1 200 -74.50
Partugal 17 10 70.0 10 0
Romania &0 1 3545 0 0
Slovakia 0 18 -100.0 0 0
Slovenia - -
Epain 03 a0 2433 427 260 6.2
Swieden 38 36 1722 15 3 875
United Kingdom 124 a1 6.3 ]
ELURCPEAM UNION 59 207
Norway 157 12 1,2083 a 1
Switzerland 10 18 14,4 103 28 1711

EFTA

ELI+EFTA

164

1774

Source: European Automobile Manufacturing Association, 2020.

The automotive sector provides direct and indirect jobs to 13.8 million Europeans, representing
6.1 % of total EU employment.
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Figure 7: Employmentin the EU automotive sector
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Source: European Automobile Manufacturing Association.

2.6 million of these workers were employed in the manufacturing of motor vehicles in 2017.
Overall, manufacturing accountsfor 3.5 million jobs, directly and indirectly.®

Table 9: Employmentin manufacturing

Manufacture of motor vehicles (EU) 2.6 million people = 8.5% of EU employment in manufacturing 2017

Total (EU manufacturing,

services and construction) 13.8 million people = 6.1% of total EU employment 2017

Source: European Automobile Manufacturing Association.

3.1.5. Research and Development

European automotive sector R&D

The automotive sector is the biggest EU's investor in R&D, responsible for 28 % of total spending.
Moreover, EU automotive investment in R&D has increased by 6.7 % to reach €57.4 billion annually
in 2017.% Automotive original equipment manufacturers (OEMs) were leading the list of companies
with the highest expenditure on R&D in the last five years, with Volkswagen (over €13 billion
annually) coming first and well ahead of other sectors like pharmaceuticals and biotechnology. In
the global ranking, over the last three years, Volkswagen has been ranked 3'* and 4™ and Daimler

83

ACEA (n.d.). KeyFigures.

84 ACEA (n.d.). Research and Innovation.
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has been 10" in terms of R&D expenditure.® The share of companies from the EU in global R&D in
the automotive sector was up from 36 % to 44 %.%¢

Table 10: Leading R&D investors by countries

B e N U -

1 VOLKSWAGEN Garmany Automobiles & Parts

2 DAIMLER Garmany Automobiles & Pans

3 ROBERT BOSCH Garmany Automaobiles & Parts

4 ASTRAZENECA UK Pharmaceuticals & Biotechnology

5 BMW Garmany Automobiles & Parts

6 SANOFI France Pharmaceuticals & Biotechnology
7 SIEMENS Germany Electronic & Electrical Equipment
8 NOKIA Finland Technology Hardware & Egupmont
9 BAYER Garmany Pharmaceuticals & Biotechnology
10 FAT.CHRVSLER MNotherlands Automobiles & Pans

AUTOMQBILES

13672.0
76360
55870
53681
5164.0
5156.0
5056,0
42040
47740

4219.0

Source: European Commission (2017). The 2017 EU Industrial R&D Investment Scoreboard.

EU companies increased their contribution to global R&D expenditure in automotive by more than

6 percentage points between 2008 and 2017, reinforcing their specialisation.?”

Figure 8: EU's share of global R&D investment, by sector
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Source: European Commission: EU Industrial R&D Investment Scoreboard, 2018.
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Tyres.

8 European Commission (2017). The 2017 EU Industrial R&D Investment Scoreboard; European Comission (2018). EU

R&D - The 2018 EU Industrial R&D; European Comission (2019). EU R&D - The 2019 EU Industrial R&D.

8 KPMG (2018).R&D in the automotive sector.

87 European Comission (2018).EU R&D - The 2018 EU Industrial R&D.
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The distribution of global R&D investment by industry and region

In 2018-2019, European companiesinvested more than€60 billion annually in R&D on automobiles

and other transport, ranking theautomobile industry ahead of othertechnology-driven industries.®®
EU companies account for 47 % of automobiles and other transport contribution to the total R&D
Scoreboard of top 2500 company investors globally.*

Figure 9: R&D investment by the 2 500 companies by industry and main country, in billions
of euros

0 20 40 60 80 100 120 140 160 180 200

ICT producers

Health industries

Automobiles & other transport

ICT services

Industrials

Chemicals

Aerospace & Defence

Others

W EU EWUS B Japan China B RoW

Source: European Commission (2019). The 2019 EU Industrial R&D Investment Scoreboard, p. 33.

3.2. How artificial intelligence feeds the industry

Self-driving vehicles (also known as driverless, robotic, fully autonomous or automated vehicles)
are probably one of the most prominent and most reported applications of Al in transport. Self-
driving cars are expected to havea major impact on the operationof the transportation system (eg.
trafficcongestion, safety), to profoundly change the travel behaviourandtravel patternsand to alter
the relationship between people and cars.® They are the pinnacle of automation of the driving
function that started with driver assistance and partial automation, which are widely used at the
moment. Predictions about theavailability of fully autonomous cars differ.?' Optimistic experts and
policy-makers expecting theircommercialadoption by 2025-2030.%> More cautious experts point to
many technical and regulatory issues — that will significantly impact the cost of automated vehides

88 |bid,; European Commission (2019).The 2019 EU Industrial R&D Investment Scoreboard.
8 bid.

90

Stanley B, Gyimesi K (2016). A New Relationship—People and Cars; IBM Institute for Business Value.

91 For details see SAE International (2016). Taxonomy and Definitions for Terms Related to Driving Automation Systems

for On-Road Motor Vehicles. Standard J3016_201806.

Roland Berger (2014). Autonomous driving; EU Commissioner for Transport Violeta Bulc as reported by Koetaier J
(2019). Self-driving Cars In 10 Years: EU Expects 'Fully Automated' Cars by 2030. Forbes; McKinsey (n.d.). Autonomous
driving.
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- that need to be solved first, and based on the experience with previous vehicle technology
deployment, predict decadestill driverless cars become commercially viable.**

Al is also being used for (advanced) connected cars with some autonomous features like assisted
parking or autonomous driving into specific conditions like highways. Those are situations less
complexthat can be handled by narrow Al. For example, highways areone-way streets with limited
number of intersections, only from theright way. White lanes on the road create the equivalent of
virtual lanes (except in the case of snow), which facilitates decision making. There are already
solutions on the market with for instance around Tesla cars (with Auto Pilot).

Nonetheless, driverless technology has been either in use or tested in several areas. The most
advanced applications of driverless vehicles can be found in farming and mining, although these
off-road applications arebeyond the scope of this study.** Other applications are eitherin testing or
pilot stages. Automated shuttles and campusroundaboutsare being actively piloted,and their wide
useis expected in the near future. Such vehicles are usually deployed at low speed (up to 20 kmh)
and shortroutes (about 1 km) with few stops.® Driverless buses have been testedaround foralmost
fiveyears, also under limited conditions.? Robo-taxis arebeing testedin the US and China and could
be also deployed in Europe by the end of 2020 - beginning 2021.%” Platooning of trucks tests have
been successfully completed in Europe.*®

Artificial Neural Networks (ANN), bee colony optimisation (BCO)algorithms, ant colony optimisation
techniques and other algorithms have been used to improve traffic analysis, forecast and
management® and support and enhance Intelligent Transport Systems (ITS).'® TS use different
technologies and communicationsystemsto alleviate congestionand improvedriving experience,
but Al (and specifically machine learning) can provide a step change for them by allowing
instantaneous analysis and decision-making. The current focus of ITS research and development
into traffic control and prediction is on short- and long-term traffic flow prediction in urban
networks, vehicles speed and route prediction, traffic volume prediction, route planning to avoid
traffic jams, reduction of the time stopped at intersections, traffic signals control and traffic
congestion reduction.’ ITS also looks into road safety and accident/ incident prediction by

% Litman T (2020). Autonomous Vehicle Implementation Predictions: Implications for Transport Planning. Victoria

Transport Policy Institute, p. 23-29; Davies A and Marshall A (2019). Are We There Yet? A Reality Check on Self-Driving
Cars. Wired.

PetersJ (2019). The future of autonomous vehicles runs off roads and on to farms, construction sites and mines.
TechCrunch.

Haque A and Brakewood C (2020). A synthesis and comparison of American automated shuttle pilot projects, Case
Studies on Transport Policy 8:3, pp. 928-937.
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The Telegraph (2016). World's first driverless bus service begins carrying passengers in French city of Lyon; The
Guardian (2018). Germany launches world's first autonomous tram in Potsdam.

9 The Verge (2019). Waymo's robot taxi service is improving, but riders still have complaints; CNBC(2019). Mercedes

robo-taxi service gets underway in California; Udemans C(2019). AutoX, NEVS to deploy robotaxis in Europe next year.
TechNode.

The Verge (2016). Self-driving truck convoy completes its first major journey across Europe. Further multi-brand real-
life platooning testing is carried out in the Horizon 2020 project ENSEMBLE.
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designing intelligent systems for visual monitoring, vehicular accidents modelling and analysing
accident frequency and reasons.

Large parts of ITS research and development focus on the improvement of vehicular control
systems. For instance, anti-lock braking systems (ABS), minimising emissions and human-
knowledge integrationin autonomousvehicles are all parts of ITS. To prevent accidents, researcher
work on driver fatigue detection, dangerous driving identification and automatic incident
detection.'Dueto better localisation, fasterresponseis possible in emergency situations.

Linked to the described above Alapplication to trafficmanagement and prediction, Alis becoming
instrumental for logistics. The very sameITS can be used for journey planning and optimisation
dueanalysing the fleet management data, trafficand road safety data.

The combination of data from IoT sensors in the car, maintenance logs and from external sources
(e.g. data from the road cameras on the changes in the driving pattern of a specific car) will be
analysed by Al to predict failures and maintenance requirements.'® Al would thus enable remote
car checks (i.e. without bringing the car to a garage), vehicle self-diagnostics (probably even as
the caris moving) and remote maintenance (e.g. where software update can fixthe problem).

Al applications will also allow for a more efficient transport infrastructure maintenance and
repair. By combining the data from loT road sensors and cameras with the data from cars, public
authorities can quickly detect and repair road damage - with significant cost savings.'® Al can be
used to automatically detect damage by comparing and analysing the current state with the
historical records at a very high level ofaccuracy.'®

Al applications should enable a higher integration of different transport modes (intermodality or
multimodality) and reduce inefficiencies in transportation for goods and people.’® Intermodality
will enhance the shared mobility experience making it more user-centricand needs-based.Big data,
loTand Al arethe necessaryelementsfor the large-scale datacollection and processingthatensure
a complete integration of different transport modes. For example, for personal travel, they can
provide all information and services necessary for trip planning (e.g. timetables, real-time data on
traveltime, road tolls/charging, fare prices, personal, informationservice demand dataetc.).'”

192 Machin M, Sanguesa J, Garrido P and Martinez F (2018). On the use of artificial intelligence techniquesin intelligent

transportation systems. 2018 IEEE Wireless Communications and Networking Conference Workshops (WCNCW),
Barcelona, pp. 332-337.

193 McKinsey (2015). Ten ways autonomous driving could redefine the automotive world; the maintenance company

Prediiissued a white paper on the topic: Repair intelligence: An Innovative Application of Artificial Intelligence in
Automotive Maintenance.

194 A local council made significant savings in a recent pilot: BBC (2020). Blackpool pothole-fixing artificial intelligence

'saves £1m’".

195 De Telegraaf (2018).Slimme camera moet brug redden; Ynformed (2020). Using Artificial Intelligence for road safety:

a smarter way of maintenance; MoralesF, Reyes A, Caceres N, Romero L, and Benitez F (2018). Automatic Prediction
of Maintenance Intervention Types in Roads using Machine Learning and Historical Records. SAGE Joumnal of
Transportation Research Board 2672:44, pp. 43-54.

McKinsey Center for Future Mobility (2019). Race 2050 - A vision for the European automotive industry, p. 24.
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197 EBRD (2018). Disruptive technology and innovation in transport. Policy paper on sustainable infrastructure, p. 23.
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3.3. Effects of Al on transport

3.3.1. Economic effects

This section provides supportive evidence with respect to economic costs and benefits of Al
adoptionin the transportindustry. The analytical framework of economic effects is focused on the
primary economicimpactsof Alin globaland regional GDP, job creation and entrepreneurship.

Al has the potential to enhance productivity growth and fuel GDP as well as incentivise
entrepreneurship to bring innovative solutions. It could incrementally add 14 % equivalent of
€13 trillion by 2030 to the global economic output(approximately €1.5 trillion to Northern Europe's
GDP)."® Moreover, Al is estimated to contribute to an annual average productivity growth of about
1.2 % over the same period.'™

Alimpactin the job creation remains arguable, as automating physicaland cognitive tasks could
lead to massive job loss for low-skilled workers in the transportation industry. While low-skilled
workers riskbeing replacedby technologyand machines, the demand for high-skilled workers (data
analysis, engineering, cybersecurity and vehicle monitoring) working alongside machines or
developing Almobility solutionsis expected toincrease. Yet, there are alsoindications that the work
of mechanical and manufacturing engineers may change requiring new skills and education from
them."® By and large, the negative impact in employment rates will prevail and could reduce the
gross impact of Al by around 10 percentage points by 2030.""" Substantial transitional costs and
negative externalities may accompany the transition to an Al-enabled economy, representing both
around half of the 10 percentage points.

GDP

Al-based solutions are expected to improve many aspects of the transportation and logistics sector
resulting in a positive impact in the economy. In this context, it is estimated that transport and
logistics sector will see a gain approximately 10 % in GDP by 2030.""? Such benefit is coming directly
or indirectly from the improvements Al is bringing to companies' internal processes and to the
sector's functioning as awhole.

Arguably the most important element of investment in Al derives from the need of the European
automotive industry to remain competitive in the global marketplace. The automotive industry
finds itself deploying Al in all parts of its value chain, including R&D support, supply chain
management, manufacturing, sales, customer experience, and mobility services. Of all of these use
cases, the majority is seen in mobility services, with 22 % of automotive firms deploying Alat scale

198 The Northern Europe region comprises of the following countries: Austria, Belgium, Czech Republic, Denmark, Estonia,

Finland, France, Germany, Ireland, Latvia, Lithuania, Luxembourg, Netherlands, Poland, Sweden, United Kingdom,
Switzerland, Norway. The estimate comes from PwC (2017). Sizing the price: What's the real value of Al for your
business and how can you capitalise?

199 Bughin et al. (2018). NOTES FROM THE Al FRONTIER: MODELING THE IMPACT OF Al ON THE WORLD ECONOMY.
Mckinsey Global Institute.

110 English T (2020). Will Al and Generative Design Steal our Engineering Jobs? Interesting Engineering.

"1 Bughin et al. (2018). NOTES FROM THE Al FRONTIER: MODELING THE IMPACT OF Al ON THE WORLD ECONOMY.
Mckinsey Global Institute.

112 pPWC (2018). The macroeconomic impact of artificial intelligence.
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in 2019." While the majority of firms have notyet successfully integrated Al across their supply and
value chains, it could potentially become a critical competitivenessissue for European industry.

While the panorama of such improvementsis dynamicand not yet completedat this pointin time,
we expect the following implications to be key contributorsto the economicgains of Aladoption.

Optimisation of transportation grid

Al solutions are targeting the optimisation of transportation grid for more efficient scheduling,
routing and parkingmanagement.Consequently, accurate predictions with respectto future traffic
flow will reduce fuel cost for urban and freight transportas well as incidents on the road network.
Currently, congestionin the EU is often located in and around urbanareasand costsapproximately
€100 billion annually, or nearly 1% ofthe EU's GDP."*

Al holds the potential to reduce traveling times for the benefit of both consumers and industry.
This comes out of efficiencies rendered by traffic management using ITS, which predicts future
demand on road infrastructure at various times of the day, helping to reduce congestion,
distributing trafficmore evenly (with fewer accidents to interrupt traffic flow) and even optimising
trafficlights.” For instance, compared to a traditional pre-time signal plan, Albacked ITS holds the
promise of reducing waiting time at trafficlights by upto 47 %.'"® On that account, a recent estimate
in the United Kingdom claimed that reducing travel times for workers would result in
approximately €23 billion of savings to country's GDP."" In the same line, the Netherlands is
expecting to reduce overall traveling time by 9% thanks to ITS adoption that is estimated to save
up to €272 million peryear.'®

Public expenditure

From a public sector perspective, Al will directly affect road maintenance costs. Trafficlights, street
signs and road marking would be unnecessary in the long run because fully autonomous vehides
would be programmed to know and follow the traffic laws. This would lead to savings in road
maintenance costs.'’® The transition towards a smart road infrastructure could save EU-27
countries and UK a portion of the annual €38 billion of operational and maintenance costs of their
road networks, corresponding to 0.3 % of the European GDP.'*° That said, this transition will also
bring new installations and maintenance costs (e.g.sensors and cameras, etc.).

Other sectors of the economyare also expected to reap the benefits from a secured and optimised
transportation grid. Hence, overall publicexpenditures and in particular the healthcare system are

113 Capgemini. (2019). Accelerating automotive’s Al transformation: How driving Al enterprise-wide can turbo-charge

organizational value.

14 European Comission (n.d.). Clean transport, Urban transport.

115 Peter, M. (2018).Reducing the Traffic Headache: Three Technology Solutions Cities Should Consider. Blog post.

16 |bid.

117

Després, J. etal. (2018). An analysis of possible socio-economic effects of a Cooperative, Connected and Automated
Mobility (CCAM) in Europe effects of automated driving on the economy, employment and skills. European
Commission. Inaddition to these benefits, the authors of thisreport also identified the following issues as providing
economic savings: increased demand for reduced travel and freight costs, telecommunication data trafficincreases,
growth in revenuesfrom sectors like digital media.

118 European Bank for Reconstruction and Development (2019). Disruptive technology and innovation in transport.

Policy paper.

119 Marshall, A. and Davies, A. (2018). Lots of lobbiesand zero zombies: How self-driving cars will reshape cities. Wired.

120 Schroten, A. et.al.(2019). Overview of transport infrastructure expendituresand costs. Study for DG MOVE.
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likely to benefit from fewer accidents, in which public property is damaged and/or persons are
injured. This will further reduce costs of health care linked to injuries (short-and long-term), costs
duetoabsencefrom work and other long-term costsassociated with trafficaccidents. The average
cost of crashes as percentage of GDPin Europeis around 2 % with Austria and Croatia leading with
3 % of their GDP." Hence, the reduction of motor-vehicle fatality rates thanks to automated
vehicles is expected to save a portion of Member states health care budget.

In the US, it is estimated that automated vehicles, could save 1-2 % of the overall US healthcare
budget.'” Infrastructural damages in road networks are expected to see the same trend as very
often accidents are the main cause of public property damage.

Moreover, due tothe fewer (and eventually significantly fewer) accidents and traffic violations, there
will be no need for traffic police. On the one hand, this would mean savings on law enforcement
costs for municipal budgets and increase of welfare. On the other hand, municipal budgets would
lose an important source of income, namely traffic fines as well as parking fees.'?

Congestion

Theincrease use of MaaS is discouraging car ownership and may increase masstransportation but
it is yet arguable if this results in reduced traffic congestion. Personal mileage from ride sharing
services in Europe hasexperienced an explosive growth,mountingfroma few trips in 2012 to about
2.6 billion trips in 2017."**Vehicle miles travelled (VMT) from ride sharing companies grew with a
compound annual growth rate of 150 % from 2013 (30 million) to 2016 (500 million).'* Hence, as
ride sharing companies continue to offer favourable tariffs and more services to travellers, their
increased usage may increase urban trafficand incentivise the shift towards car-oriented mobility.

Personal mileage in Europeis expected to rise by 23 % by 2030 equivalent to 5.88 trillion km as
result of electrification and sharing.'* AVs are estimated to accountfor 40 % of that value by 2030,
as their adoption will open access to the mobility of new travellers that currently do not rely on
cars."””Inthe US, the use of AVs is expectedto increase by double digits the traveling of people aged
from 16-24 and over 65, which is estimated to result in additional 1.6 trillion kilometres annually by
2050.'% AVs' empty trips to reach new travellers or round trips to avoid parking costs would thus
create additional traffic in urban areas. That said, the capability of AVs to interact with ITS and
directly drive to free parking lots could reduce to some extentthe emptyroundtrips.

Energy costs

Scholars and experts express mixed opinions about the potential of Aland especially autonomous
vehicles for energy saving and related costs. Some studies show that, for various deployment

121 Wijnen, W, Vanden Berghen W. (2017) Analysis of road crash costs in EU countries

122

Clements, L. and Kockelman, K. (2017). Economics effects of Automated Vehicles. Transportation Research Record.

23 Forinstance, Amsterdam collects yearly more than €150 million in parking fees (about one quarter of all city revenues

from municipal taxes). For more than one quarter of all Dutch municipalities, revenue from parking fees represents
over 10 % of all revenuesfrom municipal taxes. See CBS (2014).Parking fee revenues estimated at 660 million euros

in2014.
124 pwC (n.d.). Mobility insights: Tackling the growing issue of congestion in urban areas.
125 |bid.
126 pwC (2018). Five trends transforming the Automotive Industry.
127 |bid.

128 KPMG (2015). The clockspeed dilemma.
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scenarios, there will be energy savings from using autonomous cars (both electric and hybrid)."®
The Al-enabled factors that would allow to save energy are platooning, eco-driving and lighter
vehicles of more optimal size (as many unnecessary parts can be disposed with)."** However, many
studies predict rebound or backfire effects. Energy economy of Al-enabled vehicles and time cost
savings — coupled with a more pleasurable travel experience - are likely to trigger behavioural
responses that willincrease the net energy use. This is due to vehicles driving at higher speeds,
travelling and commuting over longer distances, more frequent travelling, and new
passenger trips due to inclusion of previously unserved or underserved people (e.g. disabled,
elderly,young people).™!

Second-order impacts of Al-enabled cars

Sectors closely linked to the transportationindustry will certainly see changes from Al-enabled cars
adoption. Hence, as insurance companies gain access to more informationon an individual driver
and vehicle, insurance policies can be personalisedand consequently improved towards more cost-
effective products. However, in the long run, revenues of the insurance industry are expected to
decrease, especially with the introduction of fully autonomous vehicles.'*

Atthesametime, the adoption of autonomousvehicles could have a positiveimpact on industries
providing entertainment (i.e. streaming movie or music platforms) and telecommunication
services.' That is because savings from reduced travel times, at least for workers, will not
necessarily alllead to increased productivity, but alsoto increased use of social media and mobile
communication.

Software and hardware marketfor CAV

CAV technologies are gaining significant industry focus from automotive OEMs targeting the
advancement of on-vehicle technologies. Such technologies include software (e.g.computer vision
and safety critical systems) and hardware development such as radar, and GPS trackers to name a
few.

The global market for CAV technologies is evolving at a fast pace and is estimated to worth £63
billion by 2035, as industry playerssee such solutions a necessity to sophisticate means of transport
and indeed an opportunity to grab market share.”* Between 2020 and 2030, Europe expects
revenues of approximately €41.5 billion from autonomous hardware components and

129 See, for instance, calculations for the US: U.S. Energy Information Administration (2018). Autonomous Vehicles:
Uncertainties and Energy Implications, pp. 12-16.

130 US. Energy Information Administration (2017).Study of the Potential Energy Consumption Impacts of Connected and
Automated Vehicles.

131 |bid,; Taiebat M, Stolper S, and Xu M (2019). Forecasting the Impact of Connected and Automated Vehicleson Energy
Use: A Microeconomic Study of Induced Travel and Energy Rebound. Applied Energy Journal, pp. 28-30.

132 Rohr, C. and Dunkerley, F. (2018). Exploring the Social and Economic Impacts of a Common EU Approach to Liability
Rules for Connected and Autonomous Vehicles, p. 167.RAND Europe.

133 Després, J. etal. (2018). An analysis of possible socio-economic effects of a Cooperative, Connected and Automated
Mobility (CCAM) in Europe effects of automated driving on the economy, employment and skills. European
Commission. Inaddition to these benefits, the authors of thisreport also identified the following issues as providing
economic savings: increased demand for reduced travel and freight costs, telecommunication data trafficincreases,
growth in revenuesfrom sectors like digital media.

134 Transport Systems Catapult (2017). Market forecast for connected and autonomous vehiclesin UK.
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€15 billion from new software.’* The UK, one of the most advanced European countries in the
production of software and hardware solutions, is expecting a contribution from CAV technologies
of further £1.8 billion toits gross outputover the same period.”* The UK also expects that the CAV
industry could add up to 25 000 jobs, with 70 percent of that job growth expected to be in the
softwareindustry."’

Despite the significant surgein interest in this sector, CAV technologies costsand consumerattitude
areyetunclear as the solutionsare under constant development.

Logistics - Shipping, package and supply deliveries

Al adoption in the logistics sector targets the automation of the supply chain to enhance its
efficiency and thus cut a significant part of its expenses. While automating warehouses is the most
common use case today, pioneering companies are planning freight deliveries without drivers by
2021."# Self-driving trucks are expected to eliminate costs by 40 % and drive longer distances
without stops, accelerating thus trade exchanges.® Moreover, the economic gains of self-driving
trucks inthe trucking industry are estimated to range from $100 to 500 billion per year by 2025.'%
However, the overall GDP impact of Al in logistics is still unclear, and academic literature
presents a divergence of views when comparing job destruction versus enhanced efficiency and
cost reduction for the sector.

3.3.2. Effects on employment

Al is expected to lead to large shifts in the demand for skills in the transportation and logistics
sector. Consequently, around 375 million jobs globally are expected to be affected by the adoption
of Al, where 69 % of jobs loss accounts for low skilled labour. ' Compared to other transportation
modes, road transport is the most labour-intensive sector accounting for 138 million employees
globally, with a large majority being low skilled workers.'*

Job cuts are likely to affect all sectors employing drivers, from warehousing and supports to
wholesale driving and postal activities. For instance, the introduction of support systems (i.e.
assistant driving, lane and distance control, etc.) is expected to take away manual driving
responsibilities from heavygoodsvehicle drivers whereasalgorithmswill carry out more and more
trafficmanagementtasks, likely leading to further cutsin operators' positions.'

135 Alonso Raposo M, Grosso M, Després J, Fernandez Macias E, Galassi C, Krasenbrink A, Krause J, Levati L, Mourtzouchou
A, Saveyn B, Thiel C and Ciuffo B (2018). An analysis of possible socio-economic effects of a Cooperative, Connected
and Automated Mobility (CCAM) in Europe effects of automated driving on the economy, employment and skills.
JRC111477,p. 36.

136 |bid.

137 Catapult Transport Systems. (2017). Market forecast for connected and autonomous vehicles.

138 FleetOwner (2019). TuSimple plans freight deliveries without driversin 2021.

139 McKinsey & Company (2018). Distraction or disruption? Autonomous trucks gain ground in US logistics.

140 Manyika, J.et al.(2013). Disruptive technologies: Advances that will transform life, business, and the global economy.
McKinsey Global Institute.

41 bid.
42 World Maritime University (2019). Transport 2040: Automation, Technology, Employment -The Future of Work.
3 |bid.
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ITF (2017) estimates thatthe current3.2 million truck-driving jobs in Europe may decrease to 2.3 or
even up to 0.5 million by 2040 according to different scenarios.'** Such scenarios also take into
accountasignificant number of truck driversthat will retire in the coming years.

In contrast, white-collar jobs will be positively impacted, supporting a bias towards the shift.
Manufacturing anddriving CAVs willincreasingly require more Al softwareengineering skills as well
as supervision and selective intervention.' Moreover, the increased dependency of road
transportation on ICT-based equipment's and products will require new ICT skills." However,
predicting what kind of new occupations will be created in the futureremains a challenge. By and
large, future developments towards autonomous cars (trucking included) and delivery are expected
to speed thejob loss for low skilled workers but increasethe demand for Al talents.

Job loss for low-skilled workers

Future changes towardsautonomousvehicles and delivery will cause job loss for many driversand
other low skilled jobs in the transportation industry. By 2030, low-skilled workforce in passenger
transport required to transport the current number of passengers is expected to be halved. The
estimate corresponds to developed regions including Europe that is more likely to adopt such
technologies faster,and at a larger scale.”

Conversely, the automation of manual tasks is expected to reduce heavy goods vehicle drivers by
approximately 9% globally, over the same period.* The increased global movement of goods is
one of the main factors to slow the decline in labour demand in this case, especially in developing
regions.

Al-based applications are enhancing the shared mobility trend challenging traditional taxis and
speeding job loss. This is because Al allows shared mobility applications to identify customers and
match rides in a fraction of the time and with lower fares. For instance, since the advent of ride
sharing in the US in early 2013, taxi ridership in LA has declined by an estimated 77 %, and worst
scenarios saw taxicompanies losing 12 out of 15 of their drivers.'*

In the meantime, job cuts are already happening in the logistic sector as giant e-commerce
companies are substituting workers using robotic processautomation to automate warehouses and
fasten customers' delivery. Repetitive tasks like supply chain forecasting and planning, orderentry,
remanufacturing and refurbishing activities are all candidates for more automation. Machine
learning techniques are already being used in warehouses to automate simple tasks (i.e.
packaging/unpacking) as well as demand and inventory planning using predictive analytics to
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account for potential disruptions. More automated centres will need fewer humans tocarry ormove
things, and more using, managing or overseeing robotics.”® In 2019, Amazon had more than
200 000 roboticvehicles to move goodsthrough its delivery fulfilmentcentresin the US."' Over the
same period, the company introduced packing robotsto some of its US facilities with the target of
cutting costs and packing four to five times faster than the average rate of human packers. The
adoption of packing robotsis expected to substitute around 1300 jobs in 55 US-based facilities. '

Compensating for driver shortage

Industry organisations hope that fully autonomous vehicles would alleviate the ongoing 'driver
shortage crisis'.”* The joint OECD and ITF research shows that, depending on the speed of Al
deployment, Al applications may compensate for the lacking drivers completely or partially -
but may also lead to unemployment if Al is deployed too quickly and labour markets react too
slowly.™

New jobs and evolution of jobs

In the long-term, however, the main effect of Al application in transport is expected to be an
evolution of the driving job.” It is likely that the jobs will become more 'geographically stable'
(i.e. less long-distance driving). The job will also become more multi-dimensional and require more
skills: with driving being only a small part of the job, more time will be devoted to back-office tasks
with possible tasksin management and controlareas.These changes may make the new driving job
more attractive for a larger and more diverse pool of candidates, making the workforce more
gender-and age-equal.

As Al plays a major role notin CAV and intelligent mobility services, thereis an increasing demand
for Altalents. Tech giants and other active actorsin the transportation sector (i.e. mobility start-ups,
equipment manufacturers) are looking forand hiringnew talents to develop these technologies in-
house oracquireinnovative mobility start-ups. As noted above, in the UK alone, the production of
CAVtechnologies is estimated to create 25 000 net additional jobs by 2035 with major requests in
software development (70 %). Moreover, many applications in logistics are currently creating new
positions faster than employers can fill them."*® By and large, this wave of automation in both
road transportation and supply chain management is likely to create new jobs in engineering and
software development thatwill optimise the interactionbetween the technologyand humans.

Entrepreneurship

The developments in terms of connectivity and Al software has opened a wide range of mobility
applications like car sharing, free-floating vehicle fleets, carpooling and ride-hailing. Such
developments areincentivising entrepreneurship in the mobility sector where numerous Al start-
ups are receiving support notonly from transportationsectorbut also fromtech giants.
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In 2018, the US mobility start-ups were at the forefront with $13.5 billion funding followed by the
Europeans with $2.6 billion and Israelis with $310 million.™” In Europe, mobility start-ups are also a
catalyst for economic growth through employment,as on average the unicorn ones have a team of
21 employees.’® Moreover, mobility-as-a-service (Maas) solutions are creating cost-efficient
mobility options to consumersand households, reducing thus vehicle acquisition and maintenance
expenditures.

3.3.3. Environmental effects

Beyond the economic impact, Al in transportation is also associated with positive impacts on the
environment. Those impacts derive from the better energy efficiency and driving of cars, the
positive impact of the ITS able to optimise the flow of traffic, the reduced rate of accidents resulting
from both improved road conditions and more capable than human autonomous vehicles, and
possibly new usages and relationship to the car resulting from fully autonomous vehicle. On the
other hand, there is both an uncertainty and a risk of a rebound effect, where the easier, more
affordable way of traveling could partly negate the positive effects that Al could have on the
environment.

Reduced air and noise pollution, greenhouse gasses emissions and fuel
consumption

While different impacts can be distinguished on the environment, they usually derive from similar
improvements / benefits associated to the use of Al and also depend on parameters such as the
energy mix (share of fuel vs electricity cars) or whether the energy used is highly carbonised or not.
As a result, reductionin fuel consumption and greenhouse gasses emission are usually correlated
and if the consumption of fuelis reduced, air pollution and noise pollution are likely to be reduced
too.In this reasoning, the correlationis valid only in terms of greenhouse gasemission per trip.

However, anincreased number of trips per person (i.e.rebound effect) could very well compensate
the increased efficiency if people use this increased efficiency to travel more. Furthermore, air
pollution not only result from the incomplete combustion of fuel but also result from non-fuel
exhaust pollution such as particle released from the abrasion of tire and brakes and is thus not
directly correlated to fuel consumption butrather tothe fluidity of the driving. This kind of pollution
is sizeable as one estimate that exhaustand non-exhaust sources almostequally contribute to traffic
related PM10 emission.™®

Impact from the use ITS and bigdata to optimise traffic flows

A Cost and Benefits Analysis onthe impact of the deployment of ITS in the EU and UK estimated that
fuel consumption savings account for 11 % ofthe benefits from ITS, behind reduced accident rate
(22 % of the benefits) and reduced travel time (66 % of the benefits) in the EU.'® This obviously has
economicimpact but also results in reduced greenhouse gasses emission as well as possibly in the
reduction of non-exhaust fuelemissionof PM10. Indeed, it is possible that reduced trafficresultsin
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less braking and more optimal drivingspeed. Onthe other hand, reduced traffic might as well result
in some more aggressive driving behaviour, which is possible in short-to mid-term perspective, till
fully autonomous cars hit the road, and would counterbalance the positive effect. Indeed, higher
speed resultin higher energy consumption. As an example, a speed increase from 70 to 80 miles per
hour increase average energyuse by 13.9 % by mile.®’

Similarly, in the logistic sector, increased operational efficiency resulting from the use of big data
could lead to $500 billion savings worldwide in time and fuel. In terms of CO2 emissions, savings of
280 mega tonnes could be achieved worldwide thanks to a wider use of big data.’®In 2016 in the
EU and UK, only 19 % of companies in the mobility and logistics sectors used big data, which
highlights the potential for even more positive environmental impacts.

Alenabled management of traffic flows could thus reduce congestionandengine idling by ensuring
constant flow of trafficat optimal speeds. Traffic forecasting would allow choosing the most time-
and energy-efficient route. This would reduce both the emissionsand fuel consumption as well as
air pollution and noise pollution (the latter one alsodue to less brakingand honking). An effective
sharing economy is likely to lead to fewer vehicles in use and a more efficient use of vehicles in
general (e.g. shifting from low occupancy vehicles topublicand shared use).’® In a simulation made
in the city of Rome, Italy, it was shown that a 100 % penetration of autonomous vehicle would result
in reduced noise pollution due to moreintelligent routing thatwould notably have moreimpactin
the centre of the city, while some outer highway could resultinincreased noise pollution because
the more important capacity gain.'® On average, however the impact would be positive for noise
pollution.

Impact from Connected and Autonomous Vehicles

Another positive impact result from the development of autonomous vehicle which impact fuel
consumption in two different ways:

o The capability to reduce space when driving between cars/ trucks could reduce fuel
consumption thanks to improved aerodynamics. For trucks, it has been estimated
that fuel consumption could be reduced by 10% to 15 % highlighting the interest of
truck platooning on the highway.'®

o Additional fuel savings may also come from autonomous vehicles smart parking
decisions helping avoid 'cruising for parking'. This saving would result from the
capability to drive autonomously directly to a free parking lot resulting from
intelligent road infrastructure and an ITS signalling free places.' It is indeed
considered that 8 % of total trafficresult from cars lookingfor parking.

Autonomous vehicles would have a more indirect impact on noise pollution than ITS. Indeed,
autonomous vehicle will more likely be electrical than using fossil fuel. One reason for this result
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from the reduced space thatelectric motor takes within the car, which then freespace foradditional
equipment required for autonomous vehicle. Since electrical vehicles generate less noise than
combustion engine, this would positively impact noise emissions. Another way to consider the
impact of CAV on noise pollution is to consider that CAV, like ITS result in safer and more fluid
driving, which in turn would reduce noise pollution (less braking andhonking).

Reduced waste production

Due to higher road safety and avoidance of accidents by connected cars, cars would need less safety
mechanisms (e.g.steel reinforcements) and therefore weigh less. This, in turn, means that they could
use less engine performance, all of which would further reduce emissions, air pollution and fuel
consumption.'’” Also because electrical vehicle have simpler mechanic, this could result in more
efficient use of natural resources and vehicles that would last longer than they currently do.
Potentially, vehicles may be built from more sustainable materials reducing waste production in the
long run. It shallbe noted that, while these speculationsare correctin their reasoning, the decision
to reduce safety mechanisms mightverywellbe questioned and never be in fact adopted.

Battery of electric vehicles could generate less waste thanks to the use of Al to more efficiently
manage the charging cycle of the battery, extendiits life, and therefore result in less battery being
produced and a reduced need for the recycling of batteries. This technique is currently used in latest
smartphone operating systems. Alis also used to better predict the capacity of the battery and
detect when they need to be changed/recycled.'®

A long-term wastereduction is conceivable as well due to potentially fewer cars on theroadsand
less necessity to buy new ones. Most experts agree that, in the future, private car ownership by
individuals is going to decline and sharing of cars or rides will become a dominant model of
travelling.” This is due to fewer road accidents and more efficient vehicle exploitation and
maintenance as wellas due totherise of Maa$ as an efficientand convenient mode of transportation
and prohibitively high cost of newly developed vehicles of high or full automation levels.'” This
assertion though is questionable, as a complete lifecycle assessment should be performed to
include all the additional sensorsand equipment required for an autonomous vehicle to work.

Negative or uncertain impact

Al applications are key to produce a positive impact on the environment. Due to Maa$, sharing
economy and reduced cost of having taxis or busses autonomously driven, the vehicle installed
base could decrease by 25 %in Europe to 200 million vehicles by 2030 (versus 280 million today).”"
This trend however is not expected to be the samein other regions of the world such as in China,
where on the contrary, the park is forecasted to grow by 2030. This finding highlights the fact that
positive evolution might be partly offset by paradoxical evolutions.

167 pakusch C, Stevens G, Boden, A. and Bossauer, P. (2018). Unintended Effects of Autonomous Driving: A Study on

Mobility Preferencesin the Future. Sustainability 10:7.

168 Zhang, Y. et al. (2020) Identifying degradation patterns of lithium ion batteriesfrom impedance spectroscopy using

machine learning. Nature Communications.

169 Coren M (2017).There’s a new subscription business model arriving for cars. Quartz; Weiss C, Gaenzle S and Rémer M

(n.d.). How automakers can survive the self-driving era.

70 Litman T (2020). Autonomous Vehicle Implementation Predictions: Implications for Transport Planning. Victoria

Transport Policy Institute, p. 4-5.

71 PwC (2017). Five trends transforming the Automotive Industry.

45


https://www.mdpi.com/2071-1050/10/7/2404
https://www.mdpi.com/2071-1050/10/7/2404
https://www.nature.com/articles/s41467-020-15235-7.pdf
https://www.nature.com/articles/s41467-020-15235-7.pdf
https://qz.com/1142296/a-new-subscription-business-model-is-arriving-for-cars-thanks-to-volvo-ford-porsche-and-silicon-valley-startups/
https://www.es.kearney.com/automotive/article?/a/how-automakers-can-survive-the-self-driving-era
https://www.vtpi.org/avip.pdf
https://www.pwc.com/hu/hu/kiadvanyok/assets/pdf/five_trends_transforming_the_automotive_industry.pdf

EPRS | European Parliamentary Research Service

One such paradoxis that many potential energy-reduction benefits may be realised through
partial automation, while the major energy/ emission downside risks appear more likely at full
automation.'”? Depending on the scenario of usage, energy usage and greenhouse gasses
emissions could either nearly be divided or multiplied by two.

Some scholars also caution about potential negative environmental impacts that result from the
so-called rebound effects.'” If Al applications would lead to a more cost- and energy-efficient
vehicle or ride, people may want to buy additional cars or hitch more, longer or unnecessaryrides.
It is also likely that a new class of unoccupied rides will emerge as self-driving cars would need to
manoeuvre themselves from assignment to assignment. These and other rebound effects will
(partially) negate the initial positive environmental effects. Another kind of reboundeffect could be
illustrated with the creation of new opportunitiesfor peoples previously not served to benefit from
transportation services, suchas elderly or physically impaired people. In Europe, despite a decrease
of the installed base of vehicle, personal mileage could rise by 23 % by 2030 to 5.88 trillion
kilometres.'”

Last but not least, the underlying hypothesis behind the positive effects of ITS or CAV on the
environment is that people are willing to use those capabilities if they are provided. This assumption
is neglecting the willingness of people to drive, experience the sensation of driving or simply the
willingness to possess its own car rather thanshareit orrentiit.

3.3.4. Social effects

This section provides supportive evidence with respect to social costsand benefits of Aladoption in
the transportation industry. The analytical framework of economic effects is elaborated in the
following sub-sections and is focused on the primary socialimpacts of Al.

Equal opportunity

More specifically, as the costs of e.g. self-driven cars using Al-systems is expected to be substantial
during their early introduction, when compared to non-automated vehicles, they will likely only be
affordable for middle- and high-income consumers. This stands to further increase the divide
between low-income and high-income consumer's access to the benefits of the technology in
question. In turn, this may also create country-level divides and market centralisation, as wealthier
countries (e.g. the Nordics, Germany, the Netherlands) will provide a larger consumer-base than
other EU Member States (e.g. Italy, Spain, Southern and Eastern Europe), making it more lucrative
forautomotive producers to focus on the markets pertaining to the former country-group.

Road safety

Huge benefits are expected in safety of road traffic.'” Self-driving cars will be programmedto obey
thelaws andrules, they won't be distracted, speed or drive underinfluence of alcohol or drugs. ITS
will also foster road safety by reducing congestions and distributing traffic more evenly, by
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monitoring the condition of the infrastructure and remotely repairingit or scheduling on time road
works. Alapplications in transportshould thus reduce the number of accidents on the road as well
as the number of fatal accidents and accidents with injuries. Higherlevels of automation should also
bring health benefits for drivers by eliminating driver stress, reducing risk taking behaviour and
distractions.

However, scholars warn thatin short- to mid-term, when both human driversand self-driving cars
will co-exist on the roads, the number of accidents would not change or may actually increase.
The reasons for this being people not being used or not trusting to self-driving cars or even taking
higher risks when interacting with self-driving vehicles.'”® Also, system failures or sudden break
downs may resultin high casualties.'”

Quality of life

The overall quality of life is expected to improve due to cumulative effects of Al applications in
transport as well as its positive implications on economy and employment, environment and
fundamental rights. The European Environment Agency (EEA) notes that especially in the cities
transport has 'a marked effect on quality of life’, and the reduction in pollution (air, noise,
greenhouse gases emissions) associated with traffic considerably improves it.'” This effects needs
to be considered against the potential of a rebound effect that would lead to more andlongertravel
and, thus, reduce or cancel out positive implications.

Al applications can improve the quality of transportation services both in urban and in rural areas
and provide an overall better travel experience.'” The accessibility of various locations could be
significantly improved for less mobile population groups, such as the elderly and disabled, thus
enhancing social inclusion. Al use in traffic management may have implication for city planning:
availability of autonomous car sharing and public transportwould allow to free-up roadand parking
spaces for recreational purposes and green areas. At the same time, improved connectivity and
accessibility could induce further suburbanisation, increase car use and energy consumption and
emissions.'®

3.3.5. Effects on fundamental rights

Data protection and privacy

Al applications in transport will considerably challenge people's privacy and protection of personal
data.The data volume necessary to supported automatedfunctions is enormous. In 2016 already,
it was estimated that contemporary cars collected around 100000 data points, and this number is
growing as vehicles climb up on the ladder of automation.'' Scientists calculate that cameras of AV
alone would generate between 300 gigabytes to 5.4 terabytes per hour,' and all sensors could
record between 1.4 terabytes to around 19 terabytes per hour, depending on the level of
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automationand technology used.'® Much of thesedata will be personal, related bothto thevehide
passengers and to people encountered en route. Some of the data will be processed locally by the
vehicle, but about 30 % needs to be transmitted to refine modelsand train algorithmsas well as to
store for audit trail in case of accidents.® Securing the data storage, processing and transmission
does not only function as an end initself, butitis also relevant for the physical security of vehicles,
as examples of 'friendly hackers' exposingsoftware vulnerabilities, takingover cars even while they
were driving, have shown.'®

As to privacy aspects, data is being collected from a large array of sources, whereby it remains
unclear why particular information is being collected, whether this informationis accessible. Privacy
concerns are multifold, in that various vehicle communications and Maa$ applications expose
movement patterns and location, which might be accessed by third parties, and there are further
concerns about the possibility of this data being used to further enrich consumer profiles, to target
individuals better through advertisement. Anonymisation techniques have been deemed
insufficient to this end, considering that'human traces are unique'.'®®

Many scholars fearthatAlapplications in transportwill turn cars into new surveillance tools.'®” The
gradualautomation of vehicles means a higher degree of integration of a large variety of services,
all of which depend on data. Through geospatial positioning system, navigation tools, sensors and
other data collection mechanisms, it is possible to collect highly contextual data aboutpassengers'
movements, routines, habits and preferences. The trove of personal, locational and financial data
generated by AVs could be leveraged and monetised for personalised advertising, content
provision, productand services development. Even anonymised, such data can be repackaged and
sold to third parties. Privacy may become an expensive feature of future vehicles available for
additional pay.' A positive effect of Al-enabled surveillance should be pointed out: in the case of
an accident, help can be provided faster and responsibility determined with clarity.

Human dignity and personal autonomy

Applications of Alin transportis likely to transform both the industry and customers'place in it. The
wealth of data collected, stored and processed by AV and other Alapplications could transform the
companies from carmakers into platforms that provide hardware, software and servicesand are also
intermediaries for other service providers. The car itself will turn into a bundle of services, while
passengers will become a commodity in the sense that their attention, freed from driving, can be
now sold to advertisers andentertainers.'®

Based on the data, Al applications can also influence people's behaviour and make choices/
decisions for the people. Personal autonomy, which can be considered a crucial aspect of human
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84 Miller R (2020). Rolling Zettabytes: Quantifying the Data Impact of Connected Cars. Data Center Frontier,
185

World Economic Forum and Accenture (2016), Digital Transformation of Industries: Automotive Industry. White Paper,
p.7.

Taeihagh A and Hazel Si Min Lim (2018), Governing Autonomous Vehicles: Emerging Responses for Safety, Liability,
Privacy, Cybersecurity, and Industry Risks, Transport Reviews, p. 11.

186

187

Lafrance A.(2016). How Self-Driving Cars Will Threaten Privacy. The Atlantic; Alvarez Ledn LF. (2019). Eyes on the Road:
Surveillance Logics in the Autonomous Vehicle Economy. Surveillance & Society 17:1/2, pp. 198-204.

188 Andesopn M (2019).The Self-Driving Car Isa Surveillance Tool. IEEE Spectrum.

189 This isa part of a larger trendsin relation to personal data analysed in detail in Zuboff, S (2019). The age of surveillance

capitalism: he Fight for a Human Future at the New Frontier of Power. PublicAffairs.
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https://ojs.library.queensu.ca/index.php/surveillance-and-society/article/view/12932/8495
https://spectrum.ieee.org/cars-that-think/transportation/self-driving/surveillance-and-the-selfdriving-car
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dignity or privacy, shrinks to the decision of whether touse AV ornot, which at some point may not
even be areal choice any more.'®

For some people, AV and other Al applications in transport may actually enhance personal
autonomy. People with impaired driving abilities (e.g. disabled, elderly, children, but also parents
with children) will enjoy increased mobility being able to decide about the trips and travel alone,
independently from, for instance,othermembers of the family.However, precisely these vulnerable
people will be at greater risk to be subjected to Al control. To receive an appropriate service, they
would need to expose their vulnerable status. Such people will encounter a serious dilemma
between using AVs and not travelling at all.™

Equality and inclusion

Applications of Al in transport, and AVs in particular, have a potential to significantly improve
equality and inclusion in the society by providing mobility for great numbers of people.’? Elderly,
disabled, people with Down syndrome, children and many other will benefit ofindependentmeans
of transportation provided by AVs. This willimprove employment chances for some categories of
people resulting in productivity gains. A study for the US found that driverless cars could enable
new employment forapproximately 2 million individuals with disabilities, while also saving annually
$19 billion from missed medical appointments.’” Improved transportation also provides access to
education, healthcare, cultural and leisure activities as well as alternative possibilities to stay
connected with friends and family, to travel and to contribute to the community. Ultimately,
this will have a positive impact on the quality of life.

However, already now questions are raised whether AVs are designed having in mind these
vulnerable people and account for their special needs, including the higher data protection
requirements.” Al developers need to be aware of different special needs of individuals with
different disabilities and include them to be part of the universal design.’® For instance, vehide
controls need to trained to understand hearing- and speech-impaired people and children. AVs
need to be able to signal visually impaired people when theyarrive topick up and have special user
interfaces. When using Maa$ applications, people will likely to create profiles where they provide
detailed information about their disabilities and important/frequent routes (e.g. doctor's office,
work). Special information may need to be provided about children. While this information is
necessary to fetch these people an appropriate ride, it is highly sensitive and expose vulnerabilities,
which many would prefer toremain private.If these special needsand data protectionrequirements
are not built-in in Al applications by default, the new technology may end up discriminating and
increasing the existing digital divide and exclusion.

190 For the discussion see Kofferman N.R. (2010). (The right to) personal autonomy in the case law of the European Court

of Human Rights. Research report at Leiden University; Floridi L. (2016). On Human Dignity as a Foundation for the
Right to Privacy. Philosophy & Technology 29, pp.307-312 (2016); Weinrib J. (2019). Dignity and Autonomy. Max Planck
Encyclopedia of Comparative Constitutional Law.

191 Glancy D.J (2012).Privacy in Autonomous Vehicles. Santa Clara Law Review 52:4, pp. 1186-1187.

192 Halsey A. (2017). Driverless cars promise far greater mobility for the elderly and people with disabilities. The

Washington Post.

193 Claypool H., Bin-Nun A.and Gerlach J.(2017).Self-Driving Cars: The Impact on People with Disabilities. The Ruderman

White Paper.
Halsey A. (2017). Driverless cars promise far greater mobility for the elderly and people with disabilities. The
Washington Post.

194

195 Fdldesi E. (2017). Disabled people spoke about their benefits and requirements on autonomous_cars. Medium.
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4. Enabling artificialintelligence in road transport

Key points

The enabling environment for extracting full value from artificial intelligence applications in road transport
requires three key enablers: infrastructure (road infrastructure, connectivity, and technology), financial
support (public- and private-sector investment as well as state-aid and competition rules), and a well
functioning regulatory environment (ethical framework for Al, liability and insurance as well as research,
development, and innovation policies).

There are four potential gaps and barriers to the uptake of Al technologies in road transport, specifically
issues around liability, empowering users, cybersecurity, and data protection.

With liability two main alternatives are (i) fault-based liability and (ii) strict liability regimes. Fault liability and
civil liability are not harmonised at the EU level. With respect to strict liability, harmonisation is limited to
damages caused by defective products under the PLD. In addition, the MID allows the compensation for the
damages caused by motor vehicles (including AV). However, it does not harmonise the liability rules across
EU Member States.

In addition, most transparency requirements related to the characteristics and functionality of products and
digital contentand services apply only in the B2C context. Additional transparency for the consumer could
help reduce information asymmetriesand increase user empowermentand increase uptake.

Both cybersecurity and data protection relate, in particular, to the social effects of Al in road transport,
which have potential spill over economic effects. Poor data practices, for example, threaten European
citizens' fundamental rights to data protection. At the same time, if poor data and cybersecurity practices
create negative perceptions of the industry, it will have a long-term detrimental effect on the uptake of the
technology.

4.1. Key enablersin detail

4.1.1. Infrastructure
Roads

Quality of the road infrastructure is crucial to optimal implementation of Al applications for
transport. Especially when it comesto connected autonomous driving (CAD) atlevel 3 or higher, the
physicalinfrastructure has tomeetsignificantly enhancedand improved quality standards.'* Figure
24 below presents anoverview of the quality of roads in EU Member States. In general, the European
road infrastructure is of decent quality, and above average when compared on a global level.”’
However, differences exist within the EU: while road infrastructures in the Netherlands and Portugal
are among the best in the world, the quality of roads in some Eastern European countries, such as
Romania, Latviaand Bulgaria will need further investment.

196 ERTRAC Working Group (2019). Connected Automated Driving Roadmap, pp. 6-8; Berkley Institute of Transportation
Studies (2017).Intelligent Transportation Systems and Infrastructure, p. 4.

197 World Economic Forum (2018), Executive Opinion Survey.
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Figure 10: Quality of roads in the EU
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Connectivity

Enhancing fixed and mobile very-high capacity (VHC) connectivity is on the EU's agenda for the
coming decade. Among other priorities, a future-proof 5G connectivity infrastructure is necessary
to facilitate connected and automated mobility. In particular, 5G connections could cover not only
safety functions but alsosignificantly improve driverless functionality, help in traffic forecasting and
enable the service providerto monitor data from the vehicle. To achieve these benefits, the network
must provide multi-Gbps throughput so that each vehicle has access to an average of 100 Mbps
throughputas wellas at maximum 1 millisecond latency.'® Importantly, the system needs tocreate
slices to isolate and secure traffic while sharing networkresources.

Uninterrupted5G coverage is needed along 'all majorterrestrial transport paths, including the trans-
European transport networks' for effortless movement of autonomous vehicles of at level 4-5
automationfromcountryto country.?® These cross-border corridorsare of specificinterest, because
they are technically and economically challenging areas. Border zones generally have less
population and traffic, which provide lower economies of scale. A lack of interoperability and
different levels of connectivity could also cause issuesbetween countries.*

As thefigure below shows, some European countries, such as Belgium, Switzerland, Germany, Spain,
Luxembourg, Netherlands and Norway, seem to have more advanced infrastructure than other
countries and could probably be ready for level-4 deployment on the 5G corridors. However, other
countries, like Italy, Slovakia and Lithuania, seem to have older infrastructure and may need a new
fibre deployment to achieve level-4 compatibility.

198 The WEF report looks at the quality of the overall road network; however, there can be large differences between

primary and secondary road infrastructure. Hungarian motorways supported by revenuesfrom tolls, for example, are
high quality (as noted in Figure 24 of thisreport).

199 Latency is the time between initiating an action and receiving a response. When visiting a web site, for example, itis

the amount of time between clicking on a linkand data from that web site starting to load in a browser.

200 Ecorys, CBO, IDATE, VWA and WIK Consult (2020). Supporting the implementation of CEF2 Digital.
201

European Committee of the Regions (2018). State of play of connected and automated driving and future challenges
and opportunities for Europe's Cities and Regions.
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Figure 11: CAD readiness of road infrastructure in selected European countries
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Vehicle-to-everythingcommunication (V2X)

For full automation (level 5), a CAD requires various communication methods, which are captured
by the term vehicle-to-everything communication (V2X). V2X allows a vehicle to improve its
perception of the environment and to take appropriate decisions when driving and routing. It also
feeds Intelligent Transportation System (ITS) with more data, improving how a CAD reacts to non-
trafficrelated objects, such as pedestrians.

V2X thus encompass cumulatively the following formsof communication:

o Vehicle to Vehicle (V2V): e.g.to alert the car behind yours that yourcar is braking,

o Vehicle to Infrastructure (V2I): e.g. to communicate pieces of information to be
transmitted to an ITS or to be broadcasted to othervehicles, another typical use case
could be the transmission of traffic light status so that cars/drivers can adapt their
driving,

o Vehicle to Pedestrian (V2P): e.g. to inform a car that a pedestrian, possibly beyond
visibility is approaching theroad or vice versa.

As such V2Xis an enabler of Al in transportation as it improves the effectiveness of deep learning
mechanism used to improve safety and reliability of autonomous vehicles. It is alsohelps ITS tomore
reliably foresee the evolution of the road trafficand provide more effective routing. While existing
cellular technologies could fulfil this objective, but latency remains a concern.

From a technological point of view, V2X should work outside of a conventional cellular network
while delivering the required performance (availability, latency) to provide increased road safety
and convenience. Because of those requirements, V2Xis seen as the biggest potential use case for
edge computing reaching €25.6 billion by 2024 and the biggest benefits with €10.2 billion of

expected revenues by 2024.%*

202 Ramahandry T (2019).Edge computing: Battle between cloud providers, industrials and telcos, IDATE DigiWorld.
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4G+

Latest cellular technologies have two capabilities relevant for Al:

o Capability to transmitand receive more dataper user and on a consolidated basis,
o Increased reactivity / reduced latency.

Modern vehicles and especially CAVsgenerate more data through anincreasing number of sensors,
which combined together, can feed Al-based driving system. This could generate hundreds of
terabytes of data each month.?® While not all data generated would need to be uploaded, a
significant amount of data will still be transmitted and existing cellular networks could not cope. At
this stage, much of this data could be transmitted with other network technology, such as with WiFi
when at home. Also, the amount of data to be transmitted could vary compared to the locally
generated data depending on the ability of the Al-based systemto be completely autonomous.

The second capability of latest networks useful for an Al-based systemis its much improved latency
and better handling of Quality of Service.®®* While V2X combined with Multi Access Edge Computing
is key to reducing the overalllatency for most time-sensitive application (with latency in the realm
of a few milliseconds), 4G+ and 5G could further reduce latency , which is important for the whole
ITS. In this situation, Quality of Service is critical, and the ability of 5G to dedicate and prioritise
potentially shared networkresource to differentapplications (with network slicing) will be critically
important.

However, if Al-based decisions can be taken locally thanks to improved and more energy efficient
chips implemented in the vehicles, it might reduce the requirement on cellular networks. Also, the
effective deployment and coverage of the networkwill be critical to support those capabilities. The
capabilities vastly depend on how the network has been deployed, in terms of densification, and
the use oftheright frequency bands depending on each area.

4.1.2. Funding and competitiveness measures at the EU level

In Chapter 2, technology, R&D&I and investment have been mentionedas separate enablers of Alin
transport. This section discusses them jointly as the development and deployment of technology
does depend on the level of targeted R&D&I support. At the same time, R&D&I and funding are
necessary to deployand/orupgrade infrastructure for Alin transport. From a technological point of
view, CAD is stillin development and test phase, with some recent severe and fatal accidents and
some delays over the ambitioustargets.The mostimportant technological challenges torealise fuly
automated driving lie with training algorithms towards ensuring safe and efficient vehicle operation
in every driving situation.?®

203 Barua S (n.d.). Flood of Data Will Get Generated in Autonomous Cars. AutoTech Review.

204 Quality of Service (Qo9) is the ability of a network to manage traffic so that it can prioritise those elementsthat are
the most important. Some more advanced home networks, as an example, prioritise streaming multimedia over other
less critical traffic to ensure smooth audio and video.

205 An overview of specific research gaps for connected automated road transport is presentedin: European Commission.

(2017). Connected and Automated Transport: Studies and reports; see also Alonso Raposo, M. (Ed.), Ciuffo, B. (Ed.),
Ardente, F,, Aurambout, J-P., Baldini, G., Braun, R, Christidis, P., Christodoulou, A. Duboz, A., Felici, S, Ferragut, J,,
Georgakaki, A., Gkoumas , K., Grosso, M., Iglesias, M., Julea, A,, Krause, J,, Martens, B., Mathieux, F.,, Menzel, G, Mondello,
S., Navajas Cawood, E, Pekar, F., Raileanu, I-C, Scholz, H.,, Tamba, M., Tsakalidis, A., van Balen, M., Vandecasteele, |, The
future of road transport - Implications of automated, connected, low-carbon and shared mobility, EUR 29748 EN,
Publications Office of the European Union, Luxembourg, 2019, ISBN 978-92-76-03409-4, doi:10.2760/9247,
JRC116644.
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The EU has continuously funded collaborative research in the area of automated driving. The
funding started more than ten years ago with the 6™ Framework Programme followed by the 7%
Framework Programme - predecessors of Horizon 2020.2° More recently, the funding has become
more systemic, addressing arange ofissues linked to Alin transport. According to the EU Strategy
for mobility of the future, the EU approach is multi-pronged and targets both the research and
developmentin the field of AV, the deployment of necessaryinfrastructure (in the broadest sense)
and the development of intelligent transport systemsas well as skills and expertise. **

The deployment of connectivity infrastructure and services is an essential precondition for the
effective application of Al in transport. Both 5G deployment and satellite services can deliver the
necessary connectivity. The 5G Action Plan for Europe aims to promote early 5G deployment in
major urban areas andalong major transport pathand foresees two main actions in this regard: *®

e toensurethatevery Member State identifies at least one major city to be '5G-enabled'
by the end of 2020 and that all urban areas and major terrestrial transport paths have
uninterrupted 5G coverage by 2025; and

e tosetroll-outand quality objectives for the monitoring of the progress of key fibre and
cell deployment (to support the above action).

The Commission commits to work with the Member States and stakeholdersto develop a network
of pan-European 5G corridors for experimentation and large-scale deployment of advanced
connectivity supportingconnectedcars. Various EU funds target thefurther roll-out of connectivity
for CAD.?” European Structuraland Investment Funds (ESIF) have been of utmostimportance, with
abudget of €6.1 billion earmarked for investment in digital networks that facilitate 5G deployment.

Table 11: ESIF funding for 5G per EU Member State (in millions of euros)

Austria [taly

Belgium = Latvia 44
Bulgaria - Lithuania 44
Croatia 204 Luxembourg -
Cyprus 19 Malta -
Czechia 521 Netherlands -
Denmark - Poland 1020
Estonia 43 Portugal -
Finland 0.5 Romania 1020
France 587 Slovakia 98
Germany 138 Slovenia 50
Greece 254 Spain 420

206 ERTRAC (2019). Connected Automated Driving Roadmap, p. 19.

207 European Commission (2018). On the road to automated mobility: An EU strateqy for mobility of the future.
COM(2018) 283 of 17.05.2018.

208 Eyropean Commission (2016).5G for Europe: an Action Plan. COM(2016) 588 of 14.09.2016, esp. pp. 3-4 and 7.

209 European Committee of the Regions (2018). State of play of connected and automated driving and future challenges
and opportunities for Europe's Citiesand Regions.
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Hungary 394 Sweden 71

Ireland 75 UK 177
Source: European 5G Observatory.

To co-fund relevant R&D projects over 2014-2020, the Commissionallocated a total budget of €300
million through the EU's research and innovation programme Horizon 2020 for experimentation
with 5G cross-border corridors. Horizon 2020 funding covers a variety of issues linked to AV, from
safety to trialsand testingto user awarenessand acceptance. When dealing with the R&D side, three
projects should be mentioned that are co-funded with €49.3 million via Horizon 2020 that are
trialling 5G cross-border corridors over more than 1000 km of European highways.?'°In 2020, these
5G corridor trials have been complemented by three projects on 5G-based mobility and transport
solutions funded with €41 million via Horizon 2020.

All these projects are also a part of the 5G Public Private Partnership (5G-PPP) — a coalition of
stakeholdersfrom the electroniccommunications sectors and its supply chain dedicated to R&D&i
in 5G to secure European technological leadership.?'" The 5G-PPP leverages private R&D&
investments by using European Horizon 2020 funds. It is currently running 11 mobility-related 5G
projects and has leveraged more than €1 billion of private investments for them.*> To engage a
broader range of stakeholders in the developmentof 5G-based transportand mobility, the 5G-PPP
has drafted a strategic document that aims primarily at stimulating further investments in pan-
European 5G corridors. ?"* The 5G-PPP considers the joint proactive action by industry and
governments an indispensable first step towards AV and intelligent transport.

For 2021-2027, the funding will continue via the new Connecting Europe Facility (CEF), Digital
Europe programme (DEP) and Horizon Europe —the successorof Horizon 2020. The revised finandal
envelope for transport under the CEF will be €21.4 billion.?" Based on various estimates, the
investment necessary to reach pan-European uninterrupted 5G coverage amounts to €5 to €18
billion. To bridge theinvestment gap and leverage private investments, the European Commission
estimates that EU public support of €1 to €1.5 billion would be necessary.”” The CEF proposal
already contains anindicative list of corridor sections that can be supported with public funding to
ensure that majorroads are covered by 2025.2'° The priorityis given to major roads, including trans-
European transport networks, in order to enable uninterrupted provision of synergy digital services
and maximise positive spill-overs to the adjacentareas. These cover two types of sections:

219 The projects are 5G-CARMEN, 5GCROCO and 5G-Mobix. For more information see Cross-border corridors for
Connected and Automated Mobility (CAM) and Connected and automated mobility: three 5G Corridor trial projects
to be launched at ICT 2018 event.

211 See the official website: https://5g-ppp.eu/ .

212

For the short description of the projects see European Commission (2020). EU boosts investment in 5G hardware
innovation and trialling 5G-based connected and automated mobility.

213 5G-PPP (2019).5G Strategic Deployment Agenda for Connected and Automated Mobility in Europe. Initial proposal.
214

European Council. Conclusions of the Special meeting of the European Council (17, 18,19,20 and 21 July 2020). EUCO

10/20, pp. 19-20.

215 5G-PPP (2019). 5G Strategic Deployment Agenda for Connected and Automated Mobility in Europe. Initial proposal,
p.10.

216 See Part V of the Annex to the Proposal for a Regulation of the European Parliament and of the Council establishing

the Connecting Europe Facility and repealing Regulations (EU) No 1316/2013 and (EU) No 283/2014,COM(2018) 438

of 06.06.2018.
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https://ec.europa.eu/commission/sites/beta-political/files/budget-may2018-cef-regulation_en.pdf
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e cross-border sections with additional 5G corridors for experimentationin connected
and automated mobility (CAM) and

e moreextensive sections for large-scale deployment of CAMand the full range of other
5G services.

It was estimated that 26 000 km of highways in the EU could be considered cross-border corridors
that could benefit from CEF2 investment (see figure below).?" Investments in the backhaul, 5G
networks and V2N infrastructure are estimated at a minimum of €38 000 per km and €1 billion in
total,and a maximumofaround €210 000 per km and €5.46 billion in total. Thisinvestment will most
likely consist of a combination of national and EU public funding, and private funding from road
operators, telecom operators, car manufacturers and application providers.

Figure 26: Cross-border corridors for connected and automated mobility
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Source: Ecorys, CBO, IDATE, VWA and WIK Consult (2020), Supporting the implementation of CEF2 Digital.

The DEP will support the deployment of innovative new technologies and solutions (including Al)
in thefield of mobility and transport. The CEF proposal clarifies that, under the DEP, services will be
developed that run over the connectivity infrastructure of the CEF.?'® The DEP aims to build and

217 Ecorys, CBO, IDATE, VWA and WIK Consult (2020), Supporting the implementation of CEF2 Digital.

218 See Section 1.4.4 of the Proposal for a Regulation of the European Parliament and of the Council establishing the
Connecting Europe Facility and repealing Regulations (EU) No 1316/2013 and (EU) No 283/2014,COM(2018) 438 of

06.06.2018
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strengthen core Al capacities in the EU, for instance, by creatingreference sites for experimentation
and testing of Al applications in transport and mobility. The initial financial envelope for Al under
the DEP was €2.4 billion.?"

Europe's new largest research programme - Horizon Europe - will support R&D projects on Al in
transport through the cluster 'Climate, Energy and Mobility' (pillar 1) that covers the topics of
'‘communities and cities', 'industrial competitiveness in transport' and 'smart mobility'.?* Initially,
€15 billion were foreseen for this cluster for 2021-2027 (approximately 16 % of the total budget of
Horizon Europe).?'

In the context of research on connected and automated transport, the EU has developed a joint
strategic planning and aims to coordinate national and multinational research and funding
programmes. The STRIA Roadmap on Connected and Automated Transport of 2019is a product of
cooperation between industry, academia and authorities that has identified short, medium- and
long-term research initiatives and provides insights into the relationship between activities (e.g.
urgency, overlapsand gaps) and recommendations how to speed up the deployment.?*

Space infrastructure is critical for providing geo-positioning information and uninterrupted
connectivity, including as a part of 5G networks, for transport.?? Also the revised proposal for the
EU space programmes continues to provide significant funding to such important space
programmeslike globalsatellite navigation system Galileo (€8 billion) and European Geostationary
Navigation Overlay Service (EGNOS).?* Galileo is being developed for navigation services for AV as
it is the main European assetfor the provision of high precision maps and secured positioning.?*

Whether the planned public funding is sufficient to boost EU's international competitiveness is a
moot question because estimateson the investment by private and publicactors thatis needed to
take the final steps are not available.?® Also, as described in Section 3.1.5, the EU automotive
industry is the largest private investor in R&Din the EU and ranks high globally. In an international
comparison, a separate number of the publicinvestments related specifically to Al in transport are
hard to come by. However, theresearch on investments in R&D&I in Al in generalhas firmly placed

219 Proposal for a Regulation of the European Parliament and of the Council establishing the Digital Europe programme

for the period 2021-2027, COM(2018) 434 of 06.06.2018. This was based on the initial total budget for the DEP of about
€9.2 billion. This budget was reduced to €6.8 billion at the Special Council to accommodate the COVID-19 recovery
package. Herewith, the share of Al expenditure is likely to be reduced, too. European Council. Conclusions of the
Special meeting of the European Council (17,18, 19,20 and 21 July 2020). EUCO 10/20, p. 20.

Proposal for a Regulation of the European Parliamentand of the Council establishing Horizon Europe -the Framework
Programme for Research and Innovation, laying down its rules for participation and dissemination, COM(2018) 435 of
06.06.2018.

Alsoin this case, following the reduction of the overall budget of Horizon Europe from €94 billion to €75.9 billion, this
financial envelope may be slashed. European Council. Conclusions of the Special meeting of the European Council
(17,18,19,20 and 21 July 2020). EUCO 10/20, p. 18.

European Commission (2019).STRIA Roadmap on Connected and Automated Transport: Road, Rail and Waterborne.

223 European Commission (2016). Space Strateqgy for Europe, COM(2016) 704 of 26.10.2016.
224

220

221

222

European Council. Conclusions of the Special meeting of the European Council (17, 18,19,20 and 21 July 2020). EUCO
10/20, p. 18. For a concise description of the Galileo and EGNOS application see EGSA (2017). EGNOS and Galileo for
ITS and road transport: High flexibility, low investment.

225 See GCS-Europe (2019). Galileo: acritical component for autonomous driving. A prototype was built and tested within

the ESCAPE project: GSA (2019). First Galileo-enables autonomous vehicle successfully demonstrated. Further
applications and services are being developed by the PRoPART project, see Inside GNAA (2020). Brussels View:
Driverless Merging Ahead.

226 We note that new funding decisions have or will be taken in the context of COVID-19 crisis.
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the EU third, behind the United States and Asian countries (China, Korea, Japan).?” One of the main
reasons for thatis the lack of venture capital funding available for European start-ups. According to
OECD, private equity investments in AV have been steadily growing since 2015 and represent a
larger share of all Al investments (30% in mid-2018).2® The lion share of this venture capital, in
absolute numbers, goes to US-based start-ups (80 % in 2017-2018), followed by China-based start-
ups (15 %), Israel-based (3 %*°) and, finally, the EU-based (2 % or $89 million*"). OECD attributes
theincreasein venture capital funding to the growth of the average amount per investment:in the
US, it increased from $20 million in 2016 up to $200 million in 2018.

Figure 12:Venture capital funding in AV in 2015-2019 (share of global amount per region,
in billions of US dollars)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
2015 |
201 |
2017 |
201 |
201 |
2019 2018 2017 2016 2015
B USA 3,08 4,46 1 0,55 0,28
M Asia 0,35 1,45 2,37 0,29 0,51
W Europe 0,021 0,089 0,045 0,069 0,01
M Other 0,03 0 0,1 0 0

HMUSA BAsia EMEurope MOther

Source: CB Insights at Reuters.
Note: 2019 numbers were available only to 1stJuly.

Both the Commission and research (specifically on connected and automated driving) emphasised
another problem of European investments: fragmentation and lack of coordination.?? A third

227
228
229
230

231

232
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See acomprehensive research on many metricsrelated to Al development and deployment in Castro, D., McLaughlin,
M. and Chivot, E. (2019). Who Is Winning the Al Race: China, the EU or the United States? Research paper by Center for
Data Innovation.

OECD (2018), Private Equity Investment in Artificial Intelligence. OECD Going Digital Policy Note, OECD, Paris.

McKinsey reports that, over the last five years, Chinese startups received $7 billion in venture capital. See McKinsey
(2019). How China will help fuel the revolution in autonomous vehicles.

Although Israel is leading by far on a per capita investment basis. See KPMG (2020). 2020 Autonomous Vehicles
Readiness Index, pp. 53 and 55.

Reid H, Ostad E (2019). European startups navigate long, winding road to self-driving future. Reuters.

See European Commission (2018). Member States and Commission to work together to boost artificial intelligence
‘made_in Europe’. Press release; WIFO, SPI, VIT and Ecorys (2017). Public Support Measures for Connected and
Automated Driving. Study for DG GROW, p. 49.
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https://ec.europa.eu/commission/presscorner/detail/en/IP_18_6689
https://op.europa.eu/en/publication-detail/-/publication/0f3e5c98-66ad-11e7-b2f2-01aa75ed71a1/language-en/format-PDF
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problem is the over-reliance on public funding in the area of connected and automated driving.”?
The new funding instruments seem to address both problems. They offer a more streamlined
framework for R&D&l in Al with the CEF, DEP and Horizon Europe as main instruments having
different focal points and complementing each other.The specific objective of the CEF and the DEP
is to use public funding as a leverage to unlock the private one, by focusing on the least attractive
areas for private investment (e.g. persistent marketfailures). In this way, the EU aims toraise around
€20 billion per year in public and private investmentsin Al.%*

Whether these remarkable efforts to address venture capital shortage will be enough to sustain the
intense competition from the US and China remains to be seen. Some experts even remark the
competitive gain of the lack of funding: being on tight budgets, AV start-ups are pushed to find
innovative technical solutions.?*

Meanwhile, scholars point out that EU's weaknesses should be addressed beyond funding. The EU
struggles to retain talent, especially at the executive level, has problems translating research into
business applicationsand adopting Al.>** Much of the planned funding under the DEP and Horizon
Europe targets the research-to-market gap. Development and deployment of Alin transport are
further fostered by a fewindustrialinitiatives. Within the network of Digital Innovation Hubs (DIH),
30 that are focused on Alwere selected for coaching to develop collaborative business models.?’

In 2016, the Commission initiated the creation of Cooperative Intelligent Transport Systems (C-
ITS).28 C-ITS refer to the cooperative element of automated driving enabled by connectivity.
Specifically, C-ITS are responsible for communication and interaction between different road users
and between road users and infrastructure. The platform C-ROADS was launched to harmonise the
C-ITS deployment and ensure interoperability across Europe.*

The cooperation and coordination between the telecommunications and automotive industries is
important for the success of connected and automated driving. To promote digitisation of the
transportsector,create synergy in infrastructure planning and ensure interoperability, the European
Automotive-Telecom Alliance (EATA) was launched in 2016.2* Six main industry associations and
companies from allEU Member States participatein the EATAto discussregulatoryissues and cross-
border coordination and cooperation as well as tests and pilots.

Promoting competitiveness includes promoting digital skills of the workforce. Thereseem to be no
special EU-level programmes targeting the transport sector. However, there are umbrela
programmes that aim to close the digital skills gap in Europe in general, most notably the Digital

233 WIFO, SPI, VTT and Ecorys (2017). Public Support Measures for Connected and Automated Driving. Study for DG
GROW, p. 51.

234 European Commission (2018). Member Statesand Commission to work together to boost artificial intelligence ‘made
in Europe’. Press release.

235 Reid H, Ostad E (2019). European startups navigate long, winding road to self-driving future. Reuters.

236 Castro, D, McLaughlin, M. and Chivot, E. (2019). Who Is Winning the Al Race: China, the EU or the United States?
Research paper by Center for Data Innovation.

237 For more information see European Commission (2019).30 Digital Innovation Hubs focused on Artificial Intelligence
selected for a training programme.

238 European Commission (2016). A European strategy on Cooperative Intelligent Transport Systems, a milestone

towards cooperative, connected and automated mobility. COM(2016) 766 of 30.11.2016.
Official website: https://www.c-roads.eu/platform/about/about.html .

239

240 Official website: https://eata.be/about-us/ .
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Skills and Jobs Coalition.?*" In July 2020, the European Commission launched the European Skills
Agenda for sustainable competitiveness, social fairness and resilience that sets out ambitious
targets in digital skills acquisition by 2025.?*> The Commission estimated that about €48 billion
annually of public and private investments would be necessary to close the skills gap, and it plans
touse EU funds from the European Social Fund Plus, Erasmus, InvestEU, DEP and the Recovery and
Resilience Facility finance upskilling and reskilling initiatives and trigger private investments.

4.1.3. EU legal and regulatory framework for Al in transport
EU regulatory framework for autonomous vehicles

Introduction of autonomous vehicles to the Single Market
Specificlegal instruments applying to AV

The General Vehicles Safety Regulation (GVSR) increases the safety requirements for motor
vehicles dedicated and designed for transportation of passengers, goods and for their trailers.?* It
contains specific definitions and provisions within the field of AV. This regulation is thefirst EU legal
instrument defining what are 'automated vehicles'*** and 'fully automated vehicles'.?* It contains a
set of specific systems that will become mandatory for automated vehicles and fully automated
vehicles such as systems that must be able to replace the driver and carry out his tasks or that
provide real-time information to thevehicle aboutits environment(except for the driveravailability
monitoring systems which do not apply to fully automated vehicles).?*® The regulation also
empowers the Commissionto adopt delegated acts to specify the technical requirements of these
systems.

In addition to the specific provisions related to AV, the GVSR deals with four issues that have
potentialimplications for AV:

o First, it defines new advanced safety systems such as intelligent speed assistance,
advanced driver distraction warning, advanced emergency braking system and
emergency lane-keeping system;**’

o Second, it imposes on manufacturers the obligations to ensure that all vehicles,
systems, technical units and components comply with technical regulatory
requirements concerning, inter alia, protection against unauthorised use and

241 For more information see the Digital Skills and Jobs Coalition.

242 Main materials are available in European Commission (2020). Commission presents European Skills Agenda for

sustainable competitiveness, social fairness and resilience. Pressrelease.

243 Reqgulation 2019/2144 of the European Parliament and of the Council of 27 November 2019 on type-approval

requirements for motor vehicles and their trailers,and systems, components and separate technical units intended
for such vehicles, as regards their general safety and the protection of vehicle occupants and vulnerable road users,
0J L325 of 16.12.2019.This Regulation shall apply from 18 July 2022 and replace Regulations 78/2009,79/2009 and
661/2009. Motor vehicles designed and constructed for transportation of passengers are vehicles of Classes M1, M2
and M3. Motor vehicles designed and constructed for transportation of goods are vehicles of classes N1, N2 and N3.
Classes 01,02 and O3 relate to trailers for motor vehicles.

244 Article 3(21) GVSR: ‘a motor vehicle designed and constructed to move autonomously for certain periods of time
without continuous driver supervision but in respect of which driver intervention is still expected or required'.

245 Article 3(22) GVSR: ‘a motor vehicle that has been designed and constructed to move autonomously without any

driver supervision'.

246 Article 11 GVSR.

247 Article 3 GVSR.
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cyberattacks and remote access to in-vehicle data or software modification that
endanger vehicle passengersand otherroad users;**®

o Third, it also requires event data recorder, intelligentspeed assistance and advanced
driver distraction warning for all motor vehicles; braking and lane-keeping systems
for cars and light commercial vehicles as well as special systems to detect and avoid
vulnerable road users for buses and trucks;*° and provides high-level technical
requirements for those safety systems, including with regard to the processing of
personal data.*°

The Approval and Market Surveillance of Vehicles Regulation (AMSVR) lays down an
administrative type-approval procedure for manufacturers willing to market a vehicle, system,
component or separate technical unit in the entire EU territory.”' The manufacturer has to
demonstrate that each candidate vehicle type, system, component or separate technical unit
comply with technical regulatory requirements contained in Annex Il AMSVR. They refer to many
UNECE technical regulations on standardisation of car components (e.g. directional equipment,
lamps, heating systems). EU type-approval certificates are issued by national approval authorities
and allow a manufacturer to market vehicles EU-wide without any additional requirements. EU type-
approvals are issued after verification of the compliance with the relevant requirements.
Compliance checks are carried out by technical services designated by approval authorities. During
the certification process, manufacturers must establish an information folder and can be required
to grant access to any software or algorithm but also, if needed, to provide information or
documentation necessary to understand this software or algorithms.?2 Thus, approval authorities
and technical services can request information that is necessary to understand software and
algorithms underlyingthe functioningof AV.

National authoritiescan alsorefuse toissue EU type-approval certificates for vehicles orcomponents
that present high safety risks despite compliance with the relevant requirements.** It can happen,
forinstance, when specific technical requirements do not (yet) exist for components necessary for
AV. Moreover, to allow innovation while ensuring safety, the regulation includes a procedure for
manufacturers to obtain, under specific cumulative conditions, a type-approval if they use new
technologies or new concepts that prevent from complying with the relevant requirements.>*
These type-approvals can only be issued if the manufacturer (i) justifies why new technologies or
concepts preventcompliance with the relevant requirements; (ii) ensures alevel of safety equivalent

248 Article 4.5.GVSR.
249 Articles 6 and 7 GVSR.

250 Article 6 GVSR. Additionally, Recital 10 of the Regulation specifies that advanced emergency braking systems,
intelligent speed assistance, emergency lane-keeping systems, driver drowsiness and attention warning, advanced
driver distraction warning and reversing detection systems should function without using any biometric information
of driversand passengers.

231 Requlation 2018/858 of the European Parliament and of the Council of 30 May 2018 on the approval and market

surveillance of motor vehiclesand their trailers,and of systems, components and separate technical units intended
for such vehicles, OJ L 151 of 14.06.2018.This Regulation shall apply from 15t September 2020 and repeal Directive
2007/46 of the European Parliament and of the Council of 5 September 2007 establishing a framework for the
approval of motor vehicles and their trailers,and of systems, components and separate technical units intended for
such vehicles (Framework Directive).

252 Article 25.4. AMSVR.

253 Article 26.5. AMSVR.

234 Article 39 AMSVR. In 2019 Commission issued a set of guidelinesrelating to the decision of granting type approval

under this procedure. See European Commission (2019), Guidelineson the exemption procedure for the EU approval
of automated vehicles.
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to that providedby the relevant requirements,and (iii) provides test results toensure a similar safety
level. After the adoption of implementing acts, the European Commission will decide whether or
notto grantan exemption.In the meantime, national authorities can grant provisional exemptions
limited to their territories.

Finally, the AMSVR ensures that manufacturers grant an unlimited, standardised and non-
discriminatory access to vehicles' on-board diagnostics (ODB) and repair and maintenance
information®* (including security features of the vehicle).?**

The eCall Regulation requires that cars are equipped with a system enabling to automatically or
manually send data and establish an audio communication with 112 in case of emergency.”’ The
regulation also includes the following safeguards for data protection and privacy of car users: a
limited set of datais processed and transferred only in cases of emergency; the eCall system cannot
be traced, constantly tracked or (mis)used for permanent surveillance; the data, including location
data, in the system memoryare continuously erased; the system cannot exchange data with added
value services, and vehicle's usersare informed about the data usage by the system.>>®

Horizontal rules

In addition to the sector-specific rules related to AV, the General Product Safety Directive
(GPSD)**° ensures that only safe consumer products (i.e. that do not present any risk or only the
minimum risks under normal conditions of use taking into account, inter alia, its characteristics and
effects of the product onother products®*®) are placed onthe market by manufacturers.?®' The GPSD
imposes an obligationon producers to provide consumers with information about their products to
enable consumersto assess therisks inherentto these productsduringtheir reasonably foreseeable
lifecycle. Finally, it enables the Member States to check the safety of the productsand, if necessary,
to take proportionate actions (e.g. mandatingthe use of a specific warning, ban the marketing of a
product, ordering the recall of a product). In the absence of a specific requirement concerning driver
drowsiness monitoring systems, the safety of such products should comply with the rules of the
GPSD.*?

The Radio Equipment Directive (RED)** establishes a regulatory frameworkfor the placing on the
market and free movement of radio equipment that operates on radioelectric frequencies under
3 000 GHz.*** As radio equipment can be used in AV, for instance,as one of the vehicle components
communicating with theroad infrastructure or other vehicles, compliance with the RED rules must

255 Articles 3(48) and 3(49) of AMSVR for definition.

256 Articles61,62 and 63 AMSVR. Annex X of the Regulation details the content and the technical requirements of this

obligation.

257 Regulation 2015/758 of the European Parliament and of the Council of 29 April 2015 concerning type-approval

requirements for the deployment of the eCall in-vehicle system based on the 112 service, OJL 123 0of 19.05.2015.The
Regulation applies to every new type of cars and light commercial vehicles built after 31 March 2018.

258 Article 6 eCall Regulation.

239 Directive 2001/95 of the European Parliament and of the Council of 3 December 2001 on general product safety, OJ L

11 0of 15.01.2002.
260 Article 2 GPSD for the definition.

261 Article 3 GPSD.

262 Motor Vehicles General Safety Regulation integrate ruleson such products but will only apply from 18 July 2022.

263 Directive 2014/53 of the European Parliament and of the Council of 16 April 2014 on the harmonisation of the laws of

the Member States relating to the making available on the market of radio equipment, OJ L 153 of 22.05.2014.
264 Articles2.1.1) and 2.1.4) RED.
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be ensured.?® The RED imposes the following relevant obligations on manufacturers: (i) radio
equipment must meet essential requirements in terms of safety and electromagnetic
compatibility;?* (ii) manufacturers must provide consumers with easily understandable safety
information and use instructions that include a description of the software incorporatedin the
product.®” The directive also empowers the European Commission to adopt delegated acts
identifying equipment where manufacturers must provide information on the compliance of the
combination of these productsand software with essential requirements of the RED. %

The Regulation on ENISA and on ICT cybersecurity certification (Cybersecurity Act) creates an
EU cybersecurity certification frameworkin ordertoensure thatICT products, servicesand processes
are evaluated in accordance with cybersecurity schemes (i.e. sets of rules, technical requirements,
standards and procedures) established at the EU level. AV products and services could be subject to
such certification schemes.”® The Cybersecurity Act mandates the European Union Agency for
Cybersecurity (ENISA) to prepare EU cybersecurity schemesat the European Commission's request.
EU certification schemes must be designed to guarantee that certified ICT products, services and
processes meet a minimumset of cybersecurity requirements such as data integrity, confidentiality,
authenticity, availability or having sufficient security updates mechanisms. Cybersecurity schemes
should also incorporate security by design and by default principles. Depending on the risk level of
the certified product, each EU scheme established will specify one or more assurance levels ranging
from basicto high. Certification schemes with a high level ofassurance arein principle issued only
by national authorities and ensure that certificated product is evaluated to minimise the risk of
cyberattacks carried outby actorswith significant skills and resources.”® Cybersecurity certification
can be made mandatory under national or EU law for specific ICT products, services or processes.
Thus, amandatory cybersecurity certification could mitigate the potential risks associated with the
development of AV andincrease consumer trustin these productsand services. In November2019,
ENISA adopted good practices for the security of connected and automated vehicles which
recommend that car manufacturers and service providers encrypt personal data to prevent its
disclosuretoillegitimate parties.?”’

The General Data Protection Regulation (GDPR) established a legal framework for the processing
of personal data.”?Both developing and operating Al-based AV products and services heavily rely
on personaldata, for instance, for a driver monitoring system. The European Data Protection Board

265 Also see European Commission (2018). Guide to the Radio Equipment Directive 2014/53,p.17 stating that, ‘where
radio equipment is installedin vehicles such as cars, it must comply with the requirements of both the RED and all
applicable EU acts'.

266 Moreover, the European Commission can establish categories and classes of equipment that must comply with

additional requirementsand featuressuch as ensuring (i) protection against fraud, (ii) installation of software where
compliance of the combination has been demonstrated and (iii) protecting personal data.

267 Article 10.8 RED.

268 Articles 3.3.and 4 RED.

269 Regulation 2019/881 of the European Parliament and of the Council of 17 April 2019 on ENISA (the European Union
Agency for Cybersecurity) and on information and communications technology cybersecurity certification, OJ L 151
of 07.06.2019. Part of this Regulation’s provision (including on national cybersecurity certification authorities) will
apply from 28 June 2021.

270 Article 56 Cybersecurity Act.

271 ENISA (2019). Good practices for security of smart cars.

272 Regqulation 2016/679 of the European Parliament and of the Council of 27 April 2016 on the protection of natural

persons with regard tothe processing of personal data and on the free movement of such data, OJL 119 0f 04.05.2016.
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(EDPB) adopted a broad definition of personal data with regard to connected vehicles.?”?> While the
GDPR mainly contains rules relating to the use of AV products and services (see Section 2 below),
some provisionsarerelevant tothe introduction of AV to the market. Whendeterminingthe means
of the data processing, datacontrollers are required to implementappropriate measures to ensure
compliance with therules and principles of the GDPR (data protection by design principle).?”* When
the processing of personal data implies using new technologies, data controllers must assess the
risks for the rightsand freedoms of natural persons.If such processing operation resultsin high risks,
data controllers must carry out a data protection impact assessment. In some circumstances, data
protection impact assessments are mandatory, including when far-reaching automated decisions
are based on data processingthatincludes profiling.?”

Sector-specificrules on the use of autonomous vehicles
Safety and liability of autonomous vehicles

The Approval and Market Surveillance of Vehicles Regulation (AMSVR) contains several
provisions that apply during the use of products. First, each Member State must designate an
authority for market surveillance to carry checks verifying the compliance of vehicles, systems,
components andseparatetechnical units with the requirements of the AMSVR.National authorities
canrequest any information, including access to software and algorithms. National authorities have
the power to investigate the compliance of Al-based AV products with safety requirements of EU
law. The AMSVR also empowers the European Commission to carry out checks of compliance with
theregulation of the EU market approvals granted to vehicles, systems, componentsand separate
technical units.

When national authorities grant market approval for any vehicles, systems, components and
separate technical units, they must carry out checksto verify that manufacturers produce products
that comply with their initial authorisations. These checks are based on productsobtained fromthe
manufacturers' facilities, and the authority can request access to software, algorithms and any
information necessary to understand their functioning. Basically, the authorities responsible for
types approval must monitorcompliance of products with this marketapproval.

When, based on its checks or notification from type-approval authorities, a market surveillance
authority discovers that a vehicle, systems, components and separate technical units present high
risks or do not comply with the AMSVR, it mustassess theitem in question. If the manufacturer fails
to remedy for the non-compliance or if the risk requires swift measures, national authorities can
withdraw or recall the product.

Lastly, the EU type-approval authorities may impose sanctions on manufacturers that failed to
provide access to vehicle OBD information and vehicle repair and maintenance information. These
sanctions may include fines or withdrawal of type-approval.

273 See EDPB (2020). Guidelines 1/2020 on processing personal data inthe context of connected vehicles and mobility
related applications, open for feedback version, p.12: ‘most data associated with connected vehicles will be
considered personal data to the extent that it is possible to link it to one or more identifiable individuals. Thisincludes
technical data concerning the vehicle’s movements (e.g., speed, distance travelled) as well concerning the vehicle’s
condition (e.g. engine coolant temperature, engine RPM, tyre pressure)'’.

274 Article 25 GDPR.

275 Article 35 GDPR.
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The Motor vehicles Insurance Directive (MID) requires that all vehicles registered in the EU hold
mandatorythird-party liability insurance to cover civil liability in respect of the use of vehicles.””* The
directive defines vehicles as any road motor vehicle intended for travel on land and propelled by
mechanical power (except for vehicles using rails), hence this definition may cover any automated
or fully automated vehicle. The MID also ensures that third partyinsurance covers physical damages
(including to passengers of the car) and damages to property. However, it does not harmonise
liability regimes across Member States. The MID establishes mandatory minimum amounts for
physical damages (i.e. €1m per victim or €5m per claim) and damages to property (i.e. €1m per
claim).?” The MID establishes a mechanism to simplify and accelerate the settlement of claims and
compensation for victims of vehicle accidents.

Deployment of intelligent transport systems

The Intelligent Transports Systems (ITS) Directive establishes a framework for deployment and
use of Intelligent Transports Systems, application and services in the field of road transport in the
EU.?”2 Under the ITS Directive, an ITS is defined as 'system in which information and communication
technologies are applied in the field of road transport, including infrastructure, vehicles and users, and in
traffic management and mobility management, as well as for interfaces with other modes of transport',
which may cover AV productsand services.

ThelTS Directive identifies four priority areasfor development of ITS, which are: (i) use of road, traffic
and travel data, (ii) continuity of trafficand freight management services, (iii) road safety and security
and (iv) communication between vehicles.?”” The ITS Directive also identifies six priority actions
within those areas, for instance, providing EU-wide real-time traffic information services and
multimodaltravelinformation services.?*°

To enable the deployment of ITS application and services within these priority areas, the directive
empowers the Commission to adopt technical, functional, organisational and service specifications
through delegated acts. Member Statesare required to take the necessary stepsto implement these
specifications when deploying ITS services and applications. These specifications must be
implemented in accordance with a set of principles detailed in Annex |l of the ITS Directive (e.g.
being cost-efficient, proportionate, delivering interoperability, facilitating intermodality). Hence,
the ITS Directive establishes a frameworkidentifying priority areasfor applications andservices that
may be used in supportoforin combinationwith AV products andservices. Finally,the ITS Directive
contains specific provisions on data protection. '

276 Directive 2009/103 of the European Parliament and of the Council of 16 September 2009 relating to insurance against
civil liability in respect of the use of motor vehicles, and the enforcement of the obligation to insure against such
liability, OJL 263 0of 07.10.2009.

Note that a Proposal for a Directive amending MID increase these mandatory minimum amounts for physical damages
and damages to properties covered by third party civil liability insurance. See Proposal for a Directive of the European
Parliament and of the Council amending Directive 2009/103/EC of the European Parliament and the Council of 16
September 2009 relating to insurance against civil liability in respect of the use of motor vehicles, and the
enforcement of the obligation to ensure against such liability, COM(2018) 336 of 24.05.2018.

278 Directive 2010/40 of the European Parliament and of the Council of 7 July 2010 on the framework for the deployment
of Intelligent Transport Systems in the field of road transport and for interfaces with other modes of transport, OJ L
207 of 06.08.2010.

279 Article 2 ITS Directive.

280 Article 3 ITS Directive.
281

277

In particular, Member States must ensure that ITS applications and services comply with the GDPR and e-privacy
Directive, avoid violations of personal data, its integrity and confidentiality, process personal data only for purpose s
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The Commission Delegated Regulation 886/2013 on road safety specifies conditions for the
deployment, data use and procedures related to an EU-wide free (where possible) road safety-
related universal traffic information services.?®> Road operators, services providers and specialised
broadcasters must provide to road usersreal-time information, advice and location relating to a set
of identified road safety events (e.g. slippery road, obstacles, unprotected accident). To this end,
road operatorsand service providers mustdevelop special meansto detect relevant events, identify
conditions and collect safety-related traffic data.”® They must also share and update theirdataina
fully compatible and interoperable machine-readable format.?® Member States must create a
national digital access point gatheringdata fromroadoperators andservice providers to enable re-
use of their data within an adequate timeframe.?® Thus, this delegated regulation creates useful
mechanisms for the safe usage and functioning of AV productsand services.

The Commission Delegated Regulation 2015/962 on traffic information services specifies
conditions for development and provision of EU-wide compatible, interoperable and continuous
real-time trafficinformation.” It distinguishes between three types of data: (1) staticroad data (i.e.
data that do not often change such as the location of services area),”® (2) dynamic road data (i.e.
data describing the status of the road and often changing such as availability of parking places)®®
and (3) traffic data (i.e. data on road traffic characteristics such as traffic volume).®* In addition, it
requires that Member States create a digitalinterface gathering road data and traffic data (including
metadata) retained by road authorities and road operators to enable search and re-use of these
data.?®* Road authoritiesand road operators must providethesedata throughthe national interface
on a non-discriminatory basisand in an adequate timeframe. Formats for each type of dataare also
specified. Data may, therefore, be used to develop or operate AV products or services such as real
time itineraries optimisers. Finally, this delegated regulation provides specific rules on the update
parametersofeach kind of data to enable real-time trafficinformation services based on up to date
data.

The Commission Delegated Regulation 2017/1926 on travel information ensures the provision
of accurate multimodal travel information services available EU-wide.?’' The delegated regulation
distinguishes betweenthree types of data: 1) historic traffic data, 2) statictravel and traffic dataand
3) dynamictravel and traffic data. Member States must create a digital interface gathering historic
traffic data and static travel and traffic data (including relevant metadata) of the transport

linked to their functioning, use anonymous data where possible and process sensitive data on basis of the users’
consent.

282 Commission Delegated Requlation 886/2013 of 15 May 2013 supplementing Directive 2010/40 of the European

Parliament and of the Council withregard to data and procedures for the provision, where possible, of road safety-
related minimum universal traffic information free of charge to users, OJ L247 of 18.09.2013.

283 Article 6 of the Commission Delegated Regulation 886/2013 on road safety.

284 Article 7 of the Commission Delegated Regulation 886/2013 on road safety in annex.

285 For the definition of ‘user of road safety-related minimum universal traffic information’ see Article 2.n) of the

Commission Delegated Regulation 886/2013 on road safety.

286 Commission Delegated Requlation 2015/962 of 18 December 2014 supplementing Directive 2010/40 of the European

Parliament and of the Council withregard to the provision of EU-wide real-time traffic information services,OJ L 157
of 23.06.2015.

Article 2.6) of the Commission Delegated Regulation 2015/962 on traffic information services.

287

288 Article 2.7) of the Commission Delegated Regulation 2015/962 on traffic information services.

289 Article 2.8) of the Commission Delegated Regulation 2015/962 on traffic information services.

290 Articles 3 and 4 of the Commission Delegated Regulation 2015/962 on traffic information services.

291 Commission Delegated Requlation 2017/1926 of 31 May 2017 supplementing Directive 2010/40 of the European

Parliament and of the Council with regard to the provision of EU-wide multimodal travel information services, OJ L
272 0f 21.10.2017.
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authorities transportoperators, infrastructuremanagers andtransport on-demand service manager
(potentially including mobility as a service provider operating AV-based service) to enable search
andre-use of these data. Data must be accessible in the format defined in the regulation. Member
States can also decide to provide dynamic data. Data must be accessible on a non-discriminatory
basis. Travel information services shall provide routing results to other travel information services
upon request (linking services). Linking mustbe subject to contractual agreements, and costs must
bereasonable and proportionate. Finally, reuse of data must be neutral, non-discriminatory and not
biased. Criteria used for ranking must be transparent, not based on factors related to user identity
and applied without discrimination to all users.

Horizontal rules on the use of autonomous vehicles

While the section above addresses the regulatory framework that directly affects autonomous
vehicles, it represents only a fraction of the rules that apply in this space because certain rules that
touch on a number of sectors also shape this one. These horizontal rules apply to six broad
categories:

o Empowering consumers. Rules that help to balance information asymmetries and
other market failures as consumers interact with businesses that are providing
products and servicesinrelation to CAD.

o Empowering business users. As with empowering consumers, these are rules that
address market concerns of businesses along a value chain.

o Security and data. Rules that address issues around the security of road
transportation, in particulararound data protectionand privacy.

o Liability rules. Rules that addresswho is responsible for failuresand accidents within
theroad transportation sector, bothfrom a business and consumer perspective.

o Data governance. Related to the security and data category, rules that address how
data should be handled by providers.

o Intellectual property. Rules related to protectingtherights of intellectual property.

Empowering consumers in B2C relationships

The Consumer Rights Directive (CRD) applies to sales and services contracts between professional
traders and consumers (B2C) and ensures that consumers get access to a minimum set of
information before being bound by a contract.*®> Among other things, the trader must provide to
consumers information about the main characteristics of the goods (including physical goods that
incorporate digital content or services or which requires a digital content or services to operate
properly) or services, the existence of a legal guarantee of conformity (also applying to digital
content and services), the functionalities, interoperability and compatibility of goods, digital
content/services.”® Hence, consumers must, for instance, be informed about the degree of
autonomy ofany AV products or services (e.g.ifthe vehicle automated or fully automated, what it
means and under which condition automated driving mode can be activated).

The CRD alsoincreases the transparency requirementsand grantsconsumers a 14-days withdrawal
rightin the case of distances contracts (e.g. when the contract is concluded online).?** However, the
withdrawalright may notapply to digital contentsthat are notsupplied on tangible mediumsif the

292 Directive 2011/83 of the European Parliament and of the Council of 25 October 2011 on consumer rights, OJ L 304 of
22.11.2011.The Directive does not apply to passenger transport services contracts.

293 Article 5 CRD.
294 Article 6 CRD.
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following conditions are met: (i) the consumer has been informed prior to the conclusion of the
contract, (ii) the consumer has acknowledged losing its right, and (iii) the trader has provided a
durable medium confirming thisfact after the conclusionofthe contract.

The Unfair Commercial Practice Directive (UCPD) also applies to B2Crelationships and prohibits
trading practices (including advertising) that are unfair.?®® In particular, the UCPD prohibits
misleading actions and omission.?*® Information about main characteristics of goods and services,
such as risks, execution, composition, accessories, fitness for purpose, usage, quantity, specification,
are considered important elements when assessing the misleading nature of the commercial
practice.?®’ Practices such as presenting AVproducts or services as riskless, omitting to inform about
some feature limitations of highly automated vehicles or falsely pretend that a vehicle is fully
automated canviolate the UCPD.

The Digital Content Directive (DCD) applies to B2C contracts for the provision of digital content
and digital services (including when provided in exchange for consumers personal data).?*® It
defines (i) digital content as data produced and supplied in digital form and (ii) digital services as
services allowing creation, processing, storing or accessing in digital form or allowing interaction
with data uploaded or created by the consumer or other users. Al-based services or applicationsin
AV may fall under this definition (e.g. intelligent real-time road trafficassistant application). As the
DCD does not apply to digital contentsor services incorporated orinterconnected with goods—and
which are essential for the performance of the goods - under the sale contract of these goods, it
may not apply to digital content mandatory for the proper functioning of fully automated
vehicles.?”

Within its scope, the DCD lays out rules to assess the conformity of digital content and services. To
that extent, the content or service must: (i) meet subjective requirements with regardto the contract
such as possessing the described functionality, compatibility, interoperability and features, being
provided with instruction,customer assistance,and being updated according to the contract;*® (ii)
meet objective requirements for conformity,*' including: content or services must, in particular, be
fit for their purpose with regard to the law, technical standards or specific code of conducts and
possess qualities and features (e.g. functionality, continuity and security) that consumer may
reasonably expect (including with regard to any advertising); the consumer is informed of any
update and security update necessary toensure that contentor services remain conformand (iii) be
correctly integrated into consumer digital environment by the trader or possess adequate
instruction enabling integration by the consumer.

295 Directive 2005/29 of the European Parliament and of the Council of 11 May 2005 concerning unfair business-to-
consumer commercial practicesin the internal market, OJL 149 of 11.06.2005.

296 Misleading actions are commercial practicesthat (i) contain false information or information that is likely to deceive
consumers with regard to some goods or servicesand (ii) are likely to distort the economic behaviour of consumers
(i.e.make her/him take atransactional decision that she/he would not have taken otherwise such as buying goods or
services).

297 Articles6 and 7 UCPD.

2% Directive 2019/770 of the European Parliament and of the Council of 20 May 2019 on certain aspects concerning
contracts for the supply of digital content and digital services, OJ L 136 of 55.05.2019. Member States shall adopt and

publish measures necessary to comply with this Directive by 1°*July 2021 and apply those measures from 1°*January
2022.

299 Article 3 DCD.
300 Article 7 DCD.
301 Article 8 DCD.
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The DCD also ensuresthat traders are liable for lack of conformity of digital content and services and
creates different regimes for contracts concerning a single act of supply or continuous supply. For
the single act of supply contracts, the traderis liable for any lack of conformity that existsat thetime
of the supply and becomes apparent within a minimum period of two years. For contracts
concerning continuous supply, thetrader is liable for any lack of conformity that appears within the
entire duration of the contract. In such cases, consumers may request the content or service be
broughtinto conformity, a proportional reductionof the price or, where a major lack of conformity
exists, termination of the contract.

Finally, the DCD also contains specific rules on modification of contents/services for continuous
supply contracts and allows consumers to obtain termination of the contract if the trader fails to
supply content or services.

The Directive on aspects concerning contracts for the sale of goods (DCSG) applies to B2Csales
contracts of goods.>* It defines goods as tangible movable items, including items that incorporate
orareinterconnected with digital contentand services mandatory for their proper operation. Thus,
many products incorporating digital contentor services within the field of AV may fall under these
definitions (e.g.an AV or a vehicle component such as a driving monitoringsystem, child presence
detection system). The DCSG also applies to digital content or services incorporated or
interconnected with goods —and which are essential for the performance of the goods - provided
under the sale contractof these goods.>® It may, therefore, apply to digital content (e.g. software or
operating system) mandatory for the proper functioning of fully automated vehicles.

Within this scope, the DCSG provides rules to assess the conformity of goods. To be considered as
conform, goods must: (i) meet subjective requirements regarding the contract that are similar to
those of the DCD, including that goods must be supplied with updates according to the contract
and (ii) fulfil objective requirementsfor conformity similarto those of the DCD, including that goods
must possess qualitiesand features (e.g. functionality, compatibility and security) thatthe consumer
may reasonably expect; the consumer is informed of any update and security update necessary to
ensure that goodsincluding digital contentremain conform.>* For instance, a good presented as a
highly automated vehicle but still requiring driver's supervision in easy driving situation (eg.
highway driving) mightbe considered as not fulfilling the subjective requirement of conformity.The
consumer may also expect that driver monitoring systems detect drowsiness. Also, car traders wil
haveto provide adequateinformationabout thesecurity updates of AV products.

However, the DCSG provides that a trader shall not be liable for the lack of conformity, where the
goods contain digital content or services if consumers do not install updates after having been
informed of their existence and significance.

Traders areliable for the lack of conformity of goods when a goodincludes a single act of supply of
content or services.** In this case, the trader is liable for any lack of conformity thatexists atthe time
of the delivery of the goodsand becomesapparentwithin a minimum period of two years. The same
applies to goods that include a continuoussupply of digital contentor servicesfor a duration of up
totwo years. For goods that include continuous supply of digital content or services for more than
two years, the trader is liable for any lack of conformity that appears within the entire duration of

302 Directive 2019/771 of the European Parliament and of the Council of 20 May 2019 on certain aspects concerning
contracts for the sale of goods, OJL 136 0f 22.05.2019. Member States shall adopt and publish measures necessary to
comply with this Directive by 1°* July 2021 and apply those measures from 1" January 2022.

303 Article 3 DCSG.
304 Article 7 DCSG.
305 Article 10 DCSG.
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the contract. Thus, it may apply to goods with a long lifecycle that need updates during the whole
lifecycle such as vehicles. In such cases, consumers may request the replacement or repair of the
goods in order to have them broughtin conformity. The consumer can also request a proportional
reduction of the price or, where the lack of conformity is not minor, termination of the contract.

Empowering business users in B2B relationships

The E-Commerce Directive (ECD) creates a legal framework for online services in the internal
market and ensures their free movement between Member States.>® It contains, among others,
transparency and information requirements relating to information society services (e.g. providers
must communicate clear prices, address, name) and requires that Member States allow the
conclusion of contracts by electronic means.

The regulation on platform-to-business relations (P2B Regulation) applies to the relationship
between online intermediation services (e.g. platforms) and professional users of these services to
ensure transparency, faimess and effectiveredress possibilities.>” Theregulation requires that terms
and conditions of an intermediation services provider contain mandatory information (e.g. about
grounds for suspension or restriction). Any change of termsand conditions mustbe notified to the
users at least 15 days before being implemented.*® Restriction or suspension of services for a
business user must be reasoned. Termination of service provision must be notified 30 days before
taking effect.In any case, the business usermustbe able to contest the decision.

Terms and condition of intermediation services providers must contain information relating to the
parametersused for ranking and description of differentiated treatmentif any. Furthermore, terms
and conditions must contain a description of technical and contractual access, if any, to personal
data and/or other data provided by users when using the service or generated through the use of
the service.*®Terms and conditions must also inform about any transfer of data to third parties and
its purpose and possibilities, if any, to opt out of data sharing.

Security and data protection rules

The Network and Information Systems (NIS) Directive aims to ensure a high level of security for
network and information systems in the EU, meaning the ability to resist to action compromising
the availability, confidentiality, authenticity or integrity of such network and systems.* It requires
that Member States establish a list of operators of essential services (OES) within their territories that
are active in important economic sectors, including transportation.®"' Thus, depending on the
Member State, AV products or services may fall within the scope of this directive. Member States
must identify OES based on the following cumulative criteria: (i) the undertaking furnishes a service
essential to maintain critical for economy or society; (ii) the services heavily rely on network and
information systems; (iii) a securityincident may haveimportant negative effects on the service (eg.
with regard to the number of service users, the potential impact on public safety, the existence of

306 Directive 2000/31/EC of the European Parliament and of the Council of 8 June 2000 on certain legal aspects of
information society services, in particular electronic commerce, in the Internal Market, 0J L 178 of 17.07.2000.

307 Regulation 2019/1150 of the European Parliament and of the Council of 20 June 2019 on promoting fairness and

transparency for business users of online intermediation services, OJ L 186 of 11.07.2019.This Regulationis in force
and apply from 12 July 2020.

308 Article 3 P2B Regulation.
309 Article 9 P2B Regulation.

310 Directive 2016/1148 of the European Parliament and of the Council of 6 July 2016 concerning measures for a high
common level of security of network and information systems across the Union, OJ L 194 of 19.07.2016.

31 This Annex of the Directive explicitly mentions Road authorities and operator of ITS in the OES category.
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alternatives to the service).’'? The operator of services enabling, for instance, truck platooning or
operator of a fleet of AV within cities may be considered OES under nationallaw. This may also be
the case of undertakingsin charge of intelligent road signals that communicate with AV.

The NIS Directive also requires that Member States set security requirements for identified OES.>"
These requirements include at least ensuring that these operators: (i) adopt measures to have an
appropriate level of security with regardto the risk of theservice and to avoid and minimise security
incidents and (ii) notify swiftly of any incident with significant effects on the service continuity.
Member States mustalsoimpose a similar requirement ondigital services such ascloud providers.>™
Finally, the NIS Directive requires that Member States adopt a national strategy defining the
strategic objectives and appropriate policy and regulatory measuresin relation to cybersecurity and
designate a competent national authority.

The Cybersecurity Act requires Member States to designate at least one national cybersecurity
certification authority to control and ensure that cybersecurity certificate holders comply with
cybersecurity schemes. These powers include, among others, requesting information, carrying
audits or investigations, withdrawing a certificate in case of non-compliance, requiring cessation of
infringement.

The protection of privacy and personal are enshrined by the EU Charter on Fundamental Rights.*"
In additions, the General Data Protection Regulation (GDPR) contains horizontal rules applying
to the processing of personal data in all sectors, including AV products and services. The GDPR
provides a set of principles, with which every dataprocessor mustcomply.?'®In particular, it requires
that data processing must be fair and transparent with regard to the data subject and carried out
for a clear and specified purpose. The data controller must process only relevant (both in terms of
quantity and quality) and accurate data with regard to the stated purpose. Lastly, data must be
stored for a limited period, and their integrity and confidentiality must be ensured. Personal data
canonly be processed on the basis of lawful grounds setout in the GDPR.?" In additionto the freely
given informed consent of the data subject, data can also be processed if it is necessary for the
performance of a contract, to cater for the legitimate interest of the controller or to comply with a
legal requirement (e.g. the eCall Regulation can be considered as a legal requirement according to
EDPB). The EDPB adopted a narrow interpretation of these lawful grounds.?'®

A specific regime applies to some types of data, such as biometric data or health-related data.
Processing may be allowed only in specific circumstances, such as the prior explicit consent of the
data subject, safeguarding a vital interest of a person or substantial public interest on the basis of
EU or nationallaw. Since AV productsand services may use such data (e.g.facial or voice recognition
to communicate with a vehicle or health data in cases of road accident), compliance with these

312 Article 5 NIS Directive.

313 Article 14 NIS Directive.

314 Article 16 NIS Directive.

315 Articles 7 and 8 EU Charter on Fundamental Rights, OJ C 326 0f26.10.2012.
316 Article 5 GDPR.

317 Article 6 GDPR.

318

Article 29 (2018). Guidelineson Automated individual decision-making and Profiling for the purposes of Regulation
2016/679,p.13; EDBP (2019). Draft Guidelines2/2019 on the processing of personal data under Article 6(1)(b) GDPR
in the context of the provision of online servicesto data subjects, pp. 14-16; Article 29 (2014). Opinion 8/2014 on the
on Recent Developments on the Internet of Things, p.15.
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GDPR requirementswill be essential. In addition, data relating to offences (e.qg. traffic offences) can
be processed only underthe control of authoritiesor when authorised by law.>"

The GDPR provides a set of rights of data subjects with regard to every processing (e.g. right to
access, right to be informed). This includes the right to data portability thatallows data subjects to
obtain their datain a structured, commonly used and machine-readable format from one controller
and to have them transmitted to another controller.’?® Data subjects also have the right not to be
subjected to solely automated decision-making with legal or far-reaching effects.? Such
automated decisions can be allowed in specific circumstances (i.e. explicit consent, the performance
of a contract or if authorised by law). In this case, controllers mustimplement safeguard measures
and provide meaningfulinformationabout the logic of the processing. The questionto what extent
this right results in an obligationto explain a decisionis still debated. Since AV productsand services
can imply automated decision-making based on personal data and profiling (e.g. deciding that a
driver ofan AVis in position to take over control of the vehicle), this provisionis relevant. The GDPR
also specifies that the data controller and processor must take technical and organisational
measures to ensure an appropriate level of security to the risk of the processing. These measures
include, among other, encryption of data and means to ensure availability and resilience of
processing systemsand services or availability of personal data.*”?

The GDPR does not apply to data processed by a natural personin the course of a purely personal
or household activity.’”® With regard to AV data, the EDPB considers that it may be the case for
applications or processes where data remains within the car (i.e. processed locally).?* The EDPB
recommends local processing for biometricdataand detailed location data.

The e-Privacy Directive applies to the processing of personal datawithin the field of the electronic
communication sector.?* It ensures the confidentiality of communications and technical data
related to these communications (e.g. IPaddresses of the users, date, duration) by meansof a public
communications network and publicly available electronic communications services. Thus, any
relevant data transmission between devices (e.g. vehicle, phone, infrastructure component) must
remain confidential.?* In addition, this directive requires that any entity must obtain the user's
consent before storing or gaining accessto anyinformationin the user'sterminal equipment. In line
with this requirement, the EDPB considers thata (connected) vehicle mustbe consideredas terminal
equipment.®’ Prior consent is not required if these operations are necessary to carry out the
transmission of a communicationor to provide an information service on the user's request.

319 Article 10 GDPR.
320 Article 20 GDPR.
321 Article 22 GDPR.
322 n line with this ENISA also considers, in the context of smart vehicles, that encryption of personal data constitutesa
good practice in order to avoid unauthorised access. See ENISA (2019). ENISA good practices for security of smart cars,
p. 32; ENISA (2016). Cyber security and resilience of smart cars. Good practices and recommendations, p.52.

323 Article 2.2.c GDPR.

324

EDBP, Guidelines 1/2020 on processing personal data in the context of connected vehicles and mobility related
applications, pp.15-16.

325 Directive 2002/58 of the European Parliament and of the Council of 12 July 2002 concerning the processing of

personal data and the protection of privacy in the electronic communications sector,0J L201 of 31.07.2002.

326 Article 5 e-Privacy Directive.

327 EDBP, Guidelines 1/2020 on processing personal data in the context of connected vehicles and mobility related

applications, p.5.
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The e-Privacy Directive provides additional requirements for the processing of location data to
provide value-added services (i.e. services processing traffic or location data forother purposes than
transmitting a communication).*”® Processing of these data must, therefore, be limited to the extent
and duration necessary for providing the service and based on the prior informed consent of the
user. Users must have the ability to disable the processing of location data temporarily. Lastly, the
directive requires that electronic communication services providers adopt, if necessary, together
with the electronic network provider, technical and organisational measures to protect the
confidentiality and integrity of personal data.

Liability rules

The Product Liability Directive (PLD) establishes a strict liability regime of the producer (i.e. the
manufacturerofany finished product,raw material or component part) for damagesresulting from
defective consumerproducts. Thisdirective applies within the scope of B2C relationships and covers
physical damages and damages to property intended to be used or actually used for private
purpose.’®

Under the PLD, a product is defined as any 'movable' even ifincorporated into another movable or
intoanimmovable, hence the PLD does not apply to services. While an AV falls under the definition
of a product, it is not clear whether stand-alone or embedded software would fall under the
definition of a product. Al systemsare characterised by a permanentinteraction between products
and services, and a clear distinction is hard to establish.*° In an AV, movables and software are
constantly interactingand using services (e.g. communication, computation).

The defective nature of a product is assessed with regard to the safety that consumers are entitled
to expect, taking into account, product's presentation, reasonably expected use of the productand
time when the product was put in circulation.®' In order to get compensation, the victim of the
defective product has to establish the defect of the product and its causal relationship with the
damage.**? Establishing the defective nature of a product may be difficult for AV products due to
their technical complexity and, potentially, lack of transparency of algorithms used.

Finally, under the PLD, a producer may not be liable when he/she demonstrates thatthe defect did
not exist at the time when the product was putinto circulation or could not be discovered taking
into account the technical and scientific state of the art.*®* These limitations of liability also raise
difficulties in relation to AV products presenting high technical complexity or designed to adapt
based on their use to deliver personalised experiences.

The E-Commerce Directive (ECD) contains specific rules concerning the liability of online
intermediaries. The directive limits their liability for the content in cases of mere conduit (e.g.
internet service providers), caching and hosting. In order to avoid liability for their user's content,
the provider must not be aware of the unlawful content's existence and act swiftly to remove or

328 Article 9 e-Privacy Directive.

329 Council Directive 85/374 of 25 July 1985 on the approximation of the laws, regulations and administrative provisions
of the Member States concerning liability for defective products, OJL 210 of 07.08.1985.

330 European Commission (2019). Liability and New Technologies, Liability for artificial intelligence and other emerging
digital technologies, p.28.

331 Article 6 PLD.
332 Article 4 PLD.
333 Article 7 PLD.
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disable access to unlawful contentupon obtainingknowledge of it (i.e. notice and takedown).*** The
concept of a hosting service provider has been expanded to online platforms such as
marketplaces®* or social networks.>** Therefore, it may potentially apply to services within the field
of AV, such as journey optimising services based on users' real-time inputs.

Data governance

The regulation on the free flow of data applies to the processing of non-personal data and
requires that Member States remove legal requirements concerning data localisation.®” The
regulation proposesself-regulatory codes of conduct tofacilitate switching services providers (such
as cloud providers) and porting data for professional users.>*® These codes of conduct must also
ensure that professional users have access to information on the conditions for switching and
facilitate the ability for professional users to compare differentservice offers. Therefore, such codes
of conduct could aid the development of Al products and services for AV through facilitating the
movement of non-personal data retained by stakeholders.

Thedirective on open data and re-use of public sector information (Open Data Directive) aims
at facilitating the re-use — for commercial and non-commercial purposes - of data held by public
sector bodies.** This directive applies to data held by public undertakings providing public
passenger transport services.** The Open Data Directive requires that public sector bodies and
public undertakings make their data and metadata available, if possible, in formats that are open,
machine-readable, accessible, findable and reusable. Public sector bodies must make dynamic data
available for re-use via Application Programming Interfaces (API), where possible,immediately after
collection.**

The re-use of public sector bodies' data shall be free or at marginal costs. Public undertakings may
charge fees that are calculated in accordance with transparent, objective and verifiable criteria
defined by Member States. Re-use of data cannot in principle be subject to conditions. Member
States may, however, use licenses when justified on public interest grounds. Such licenses cannot
unduly restrict competition and possibilities of re-use. Conditions on the re-use of data (i.e. costs
and licenses) shall apply on a non-discriminatory basis (including to public sector bodies' re-use
outside its public interest activities). Public sector bodies and public undertakings cannot grant
exclusiverights for re-use of their data.

Moreover, the Open DataDirective introduces the notionof a high-value dataset.*** This is data that
can, when re-used, create substantial benefits for society and economy because they enable the
creation of value-added services and applications. High-value datasets must be available for re-use

34 Article 14 ECD.
335 Case C-324/09, L'Oréal SA and Others v. eBay International and Others. EU:C:2011:474, point 110.

336 Case (-360/10, Belgische Vereniging van Auteurs, Componisten en Uitgevers CVBA (SABAM) v Netlog NV. EU:C:2012:85,
points 27.

337 Regulation 2018/1807 of the European Parliament and of the Council of 14 November 2018 on a framework for the

free flow of non-personal data inthe European Union, OJL 303 0of 28.11.2018.

338 Article 6 Regulation on the free flow of data.

339 Directive 2019/1024 of the European Parliament and of the Council of 20 June 2019 on open data and the re-use of

public sector information, OJ L 172 of 26.06.2019. Member states must bring into force the laws, regulations and
administrative provisions necessary to comply with the Directive from 17 July 2021.

340 Article 1 Open Data Directive.

341 Article 2.8 Open Data Directive.

342 Article 2.10 Open Data Directive.
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in a machine-readable format, trough API, as bulk download and free of charge (even if public
undertakings retain the data).?* High-value datasets include mobility data, hence may lead to
access to useful datasets for the development and operation of products and services within the
field of AV.

Intellectual property

The Database Directive ensures that databases are protected by intellectual property rights.>*
Databases are defined as collections of independent works, data or other materials arranged in a
systematic or methodical way and individually accessible by electronic or other means.?* The
Database Directive protects thestructure of a database if it constitutes the author's own intellectual
creation (i.e. meets the criterion of originality).

Additionally, the directive grants sui generis rights for the content of a database to its maker.** To
benefit from this right, the database maker must be able to demonstrate the existence of a
substantial investmentin obtaining, verifying or presenting the database content. Investments in
the creation of the data are not eligible.**” The sui generis right grants to the database maker the
exclusive rights to allow extraction and re-utilisation of substantial parts of a database. Extraction
and re-utilisation cover a broad range of actions such as reproducing or making available to the
public the content of the database content. Usingdata and datasets necessary to develop Al-based
products or services may, therefore, be subject to the database maker's approval. Finally, the
Database Directive contains some exceptions to the sui generis right in the context of scientific
research. The exceptions refer to the use for illustration purposes in teaching and would have an
insignificantimpact on theresearch in the field of AV products and services.

The InfoSocDirective grants to authors exclusive rightsto their works if these meetthe criterion of
originality.** The directive, however, does not apply to computer programs. Under the InfoSoc
Directive the rightsholders of original works consequently have the exclusive rights to allow or
prohibit: (i) the entire or partial, permanentor temporary reproduction of their works by any means
(including electronic means);** (ii) the communication to the public of their works** and (iii) the
distribution to the public of their works. The development of Al-based AV products or services may
require the reproduction of copyrighted works, which would require prior approval by the author.
This directive also foresees exceptions for illustrative purposes in teaching and would have an
insignificantimpact on theresearch in the field of AV products and services.

The Directive on copyright in the digital single market (DSM Directive) modifies the Database
Directive and the InfoSoc Directive and requires that Member States establish two exceptions for

343 Article 14 Open Data Directive.

344 Directive 96/9 of the European Parliament and of the Council of 11 March 1996 on the legal protection of databases,

OJL 77 of 27.03.1996.

345 Article 1 Database Directive.

346 Article 7 Database Directive.

347 Case C-46/02, Fixtures Marketing v. Oy Veikkaus, EU:C:2004:694, point 34; Case C-338/02 Fixtures Marketing Ltd v.
Svenska Spel. EU:C:2004:696, point 24; Case C-444/02 Fixtures Marketing v. Organismos prognostikon agonon
podosfairou AE (OPAP). EU:C:2004:697, point 40; Case C-203/02 The British Horseracing Board e.a. c. William Hill
Organization. EU:C:2004:695, point 31.

Directive 2001/29 of the European Parliament and of the Council of 22 May 2001 on the harmonisation of certain
aspects of copyright and related rightsin the information society,OJ L 167 of 22.06.2001.

348

349 Article 2 InfoSoc Directive.

350 Article 3 InfoSoc Directive.
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the benefits of text and data mining.**' The DSM Directive creates exceptions to the exclusive
reproduction right under the InfoSoc Directive and to sui generis right under the Database Directive.
These exceptions may, therefore, benefit the development of Al products and services including in
thefield of AV.

The first exception allows text and data mining of lawfully accessible contents for the purpose of
scientific research pursued by research organisations. It also allows scientific organisations to
securely store works and protected content for further research activities, including for verifying
results.®? The second exception benefits the text and data mining activities by any other
undertakings, pursued on lawfully accessible contents, even for commercial purposes.
Rightsholders havethe ability to opt out and signal (including by appropriate technical means) that
protected contents cannot be processed for text and data mining for other purposes than scientific
research.** Additionally, contractual derogation to this second exception is allowed.

The Computer Programs Directive grants to authors of computer programs exclusive rights if
these programsmeet the criterion of originality.*** The directive ensures thatthe expression of any
form ofa computer program (e.g. the source code and theobject code of the program) is protected
by copyright. Algorithms may neverthelessnotbe fully or partially protected under thisdirective,as
Recital 11 provides that 'to the extentthat logic, algorithmsand programming languages comprise
ideas and principles, those ideas and principles, those ideas and principles are notprotected'.

The Computer Programs Directive grants to the authors of an original softwarethe exclusive rights
to allow or prohibit: (i) the permanent or temporary reproduction in part or in whole and by any
means of the program (including if reproductionis necessaryfor loading, running and displaying a
program); (ii) translation, adaptation and arrangement of the program; and (iii) distribution of the
program.3* Thus, software that underlies AV products and services can be protected under
copyright, and using such software may require the rightsholder'sauthorisation.

Finally, the Computer Programs Directive contains exceptions to the author's exclusive rights.
Among these exceptions, the directive allows the authorised user of a program to observe, study
andtest thefunctioning of the software to determine the ideas and principles underlying any of its
elements.*¢ The directive also allows decompilation (i.e. reverse engineering) by authorised users
under specific conditions to ensure interoperability with another computer program.

Summary and principles ofthe EU regulatory framework

The table below summarises the EU regulatory framework for AV following a life cycle approach.
First, the table outlines the rules applicable to the introduction of AV on the market and, second, it
outlines the rules on the use of AV. For each step, the table mentions the sector-specific rules
applicable to the automotive sector at thestartand then the horizontal rules applicable to all sectors
of the economy but which can have implication for AV, such as therules on safety, on transparency
and fairness, on securityand privacy,on liability, on data governance and on intellectual property.

351 Directive 2019/790 of the European Parliament and of the Council of 17 April 2019 on copyright and related rightsin
the Digital Single Market, OJ L 130 of 17.05.2019. Member states must bring into force the laws, regulations and
administrative provisions necessary to comply with the Directive from 17 June 2021.

352 Article 3 DSM Directive.

353 Article 4 DSM Directive.
354

Directive 2009/24 of the European Parliament and of the Council of 23 April 2009 on the legal protection of computer
programs, OJL 111 of 05.05.2009.

Article 4 Computer Programs Directive.

355

356 Article 5 Computer Programs Directive.
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Table 1: Overview of rulesapplicable tothe introduction and use of AV

_ Rules onintroducing AV to the market Rules on using AV

Regulation2018/858 onapproval and market surveillanceof motor

SECTOR-
SPECIFIC
RULES

Cost of Non-Europe report on artificial intelligence in road transport - Annex

General Safety Regulation 2019/2144 on type-approval
requirements formotorvehicles (GVSR)

° Specific definition in context of AV

° Specific set of safety systems mandatory to
automated and fully automated vehicles

° Increase cybersecurity of vehicles: mandatory new

advanced safety systems, provide high level technical
requirements for advanced safety systems

° Data protection and privacy rules for advanced safety
systems

Regulation2018/858 on approval and market surveillance of

motor vehicles (AMSVR)

° Type-approval procedure for EU to ensure vehide
safety and compliance with UNECE technical
regulations

° Contains specific procedure to allow new
technologies and concepts

° Increases transparency of software and algorithms for
technical services and approval authorities

° Ensures access to OBD data and repair information for
independent operator.

eCall Regulation2015/758

° Mandatory safety system for cars and light
commercial vehicles that contact emergencyservices
in case of road accident

° Data protection and privacy requirements for this
system

vehicles (AMSVR)

Compliance checks by market surveillance and type-approval
authorities

Increases transparency of software and algorithms for market
surveillance and approval authorities

Compliance checks by the European Commission
Proportionate remedies in case of non-compliance: corrective
and restrictive measures and fines at EU level adopted by the
European Commission, specific sanctions relating to refusal
to provide access to OBD, repair and maintenance
information

Cooperation betweennational authorities, technical services
and the European Commission

Motor Vehicle Insurance Directive 2009/103 (MID)

Mandatory third-party insurance for civil liability related to
use of vehicle covering physical damages and damages to
property

Mechanism to accelerate and simplify settlement

Intelligent Transport Systems (ITS) Directive 2010/40

Identifies priority areas and actions for ITS deployment
Technical, organisational and functional specification
adoption trough delegated acts and EU level and
implementation of the specifications by Member States
Data protection and privacy requirements for ITS

Ensure applicability of Product Liability Directive rules to use
of ITS applications and services set out accordingly to
specification adopted by the Commission.
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° Users information (including through car manuals) on + Commission Delegated Regulation 886/2013 on road safety related
data processing information services
+ Commission Delegated Regulation 2015/962 on traffic information
services

+ Commission Delegated Regulation 2017/1926 on multimodal travel
information services

General Product Safety Directive 2001/95 (GPSD)

° Assessment of product safety
° Information on safety risks of products

Radio EquipmentDirective 2014/53 (RED)

° Set of essential requirements for all radio equipment
HORIZONTAL and additional privacy and safety requirements for
RULES specific products through delegated acts
1. Safety ° Conformity assessment and technical documentation
including information on critical software for
operation of products
° Safety information (for consumer and end user)
describing embedded software and additional
information about compliance of radio equipment
and software by means of delegated acts
Unfair Commercial Practice Directive 2005/29 (UCPD)
° Prohibition of misleading actions and misleading omissions
of important information regarding main products and
2 services characteristics
Empowering Consumer Rights Directive 2011/83 (CRD)
users ° Mandatory  information  (including about  main
characteristics) before consumer is bound by sale or service
contracts
. Withdrawal right for distance contracts
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Digital Content Directive 2019/770 (DCD)

° Mandatory information on important (security) updates and
integration of goods/services.

° Subjective and objective criterions for conformity assessment
of digital content/services

° Liability for failure to provide and for non-conformity

Directiveon certainaspects of sales contracts of goods 2019/771

(DSCQG)

° Mandatory information on important (security) updates and
installation of goods.

° Subjective and objective criterions for conformity assessment
of goods and included digital elements

. Liability of traders for non-conformity

E-CommerceDirective2000/31

. Mandatory general information about information society
services

Platform to Business Regulation 2019/1150

° Transparency requirement for terms and conditions of use
° Rules on changes in terms and conditions and on data access
and sharing
° Right to contest platforms decisions
Cybersecurity Act (Regulation 2019/881) Network and Information Systems Directive 2016/1148
° Creates a framework for voluntary cybersecurity ° Obligation to identify Operator of Essential Services (OES) on
3. Securit certification, with possibility to render certification the basis of specific criteria: Operator of ITS explicity
0 y . . o
X mandatory through EU law or national law identified as OES
ERERLL Mandates ENISA to establish cybersecurity schemes ° Appropriate security level with regard to risks of OES and
° Ensures various cybersecurity features trough operator of digital services activities

certification
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° Different levels of assurance for cybersecurity
schemes

General Data Protection Regulation 2016/679 (GDPR)

Privacy by design and by default

Assessing risks of processing operation

Mandatory data impact assessmentin specific cases
Prior approval of supervisory authority in cases of high
risks

Obligation to notify security incidents under threshold
defined by Member States

Investigation powers and power to impose remedies for
national authorities and cooperation between national
authorities, European Commission and ENISA

Cybersecurity Act (Regulation 2019/881)

Grants investigation powers to the certification authorities
with regard to holders of certificates
Remediesin case of non-compliance with schemes

EU Charter on Fundamental Rights

Protect privacy and personal data

General Data Protection Regulation 2016/679 (GDPR)

Principles applying to every data processing: lawfulness
grounds for data processing

Transparency vis a vis the users

Set of rights for every data subject (including portability and
rectification)

Specific rules on sensitive data and offence-related data
Specific rules on decisions based solely on automated data
processing

Liability for damages resulting from data processing
Appropriate level of data security with regard to risks of data
processing

Mandatory notification of data breach to authorities and data
subjects

Investigation powers of national authorities and
proportionate remedies in case of non-compliance and
cooperation betweendata protection authorities

e-PrivacyDirective2002/58

Access to datain user's equipment based on prior consent
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° Mandatory confidentiality of communications

° Rules on processing of traffic and location data for value-
added services (including on transparency and possibility to
deactivate processing)

° Appropriate level of data security

ProductLiability Directive 85/374

° Covers physical damages and damages to private property
. Defective nature must be established by victim
4, Liability ° Exemptions for defect of technological products

E-CommerceDirective2000/31
° Liability exemption for some online intermediaries

Free flow of DataRegulation2018/1807

° Prohibition of data localisation for non-personal data
° Self-regulatory codes on data portability for professional
users and switching of cloud service providers

Open Data Directive2019/1024

° Rules on re-use of public sector data and information
5.Data (including infield of transportation)
governance ° Rules on the format of data and on licenses use and costs and
prohibition of exclusive agreements for data re-use

° Ensure the ability to challenge public sector bodies negative
decision on datare-use.

° Specific rules for re-use of high-value datasets and for
identification of high-value datasets (including datasets
relating to mobility)

6. Database Directive 96/9
Intellectual ° Sui generis right on content for the maker of databases
property
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Extraction and re-utilisation of substantial parts of databases
subject to prior approval of the maker
Exception for the purpose of illustration in teaching

InfoSoc Directive 2001/29

Exclusive rights to allow or prohibit reproduction,
communication to the public and distribution of original
works.

Exception for the purpose of illustration in teaching

Computer ProgramDirective2009/24

Computer software protected by copyright

Exclusive right on reproduction, modification and
distribution on computer programs

Rights for legitimate users

Rules onreverse engineering for purpose of interoperability

DSM Directive 2019/790

Exceptions to exclusive rights under the Database Directive
and the InfoSoc Directive for the purpose of text and data
mining:

Mandatory for research purposes

Optional for non-research purposes
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Proportionality and risk-basedapproach

The EU regulatory framework for AV has adopted a risk-based approach and proportionality rules,
embracing the promotion ofinnovation and the enforcement system. While the framework appears
comprehensive, enforcement lies with the Members States. National authorities are responsible for
ensuring the proper functioning of theirmarkets while the European Commission works to preserve
theinternal market.Below are the approaches and principles of the EU regulatory framework.

Product safety

The AMSVR contains a specific procedure for approval of vehicles, components, systems and
technical units that cannot comply with the AMSVR because they implement new technologies or
concepts. This specific type-approval is subject to conditions, including in term of safety equivalency
of the products. These exemptions are subject to the approval by the European Commission. Yet,
until this is obtained, national authorities can issue a provisional approval limited to national
territories. Furthermore, when compliant candidate vehicles, systems, components and technical
units present high risks, approval authorities can refuse to grant type approval. Also, the GVSR
enhances the safety features and systems of all road vehicles. In addition to compliance with all
regulations applying to other vehicles, automated and fully automated vehicles must comply with
an additional set of technical specifications and integrate specific systems.

As a generalrule, market surveillance authorities (under the AMSVR, GSPD, RED) must pursue their
activities according to risk assessment principles. Remedies for non-compliance must be
proportionate to risks presented by the products concerned. The RED empowers the European
Commission to identify classesof radio equipment that mustcomply with additional requirements
(e.g. ensuring compliance of the combination with software, ensuring protection against fraud,
ensuring protection of data).

Consumer protection

The CRD and the UCPD ensure transparency and information of consumers. As the complexity of
products and servicesincrease, informationrequirements concerning, for instance, the functionality
of products can reasonably be considered more demanding.®’ Even if not explicitly mentioned,
important information must be providedto ensure compliance with UCPD rules. Moreover, the DCD
and DCSG provide for remedies that are proportionate to the level of non-conformity of the goods
and digital contents/services. For instance, a consumer may terminate the contract only in cases
where the lack of conformity is not minor.

Cybersecurity

The NIS Directive requires thatMember States identify OES based on the impact that interruption of
their services may have on the society and economy. In addition, Member States are free to
determine the threshold for mandatory notification of security breaches based on their effects and
number of users affected. Member States must oblige OES and digital services operators to adopt
security measures that are adequate and proportionate to the level of the risks of their activities.
Cybersecurity schemes adopted under the Cybersecurity Act will contain different levels of
assurance.Toobtain a cybersecurity certificate with a highlevel of assurance, the applicant will need
to comply with more requirements. Cybersecurity certificates with a high level of assurance will be
granted only by public certification authorities.

Data protection and ownership

357 In that sense see Commission Staff Guidance on the implementation and application of Directive 2005/29 on Unfair
Commercial Practices, SEC (2009)1666, p. 49, stating that complex products may require the provision of more
information than simple ones.
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The GDPR provides that data controllers must assessthe risk of their processing activitiesand must
conduct a data protection impact assessment or request prior authorisation by the competent
authority when the data processing activities present high risks. Transparency requirements and
empowering mechanisms under the GDPR increase corresponding to the risks of the processing
operation.Forinstance, if the processing implies decisions based solely on automated processing,
data controllers must provide additional information and implement safeguard measures. Also,
depending on the nature of the data, rules are more demanding (e.g. for sensitive data). Data
controllers must adopt security measures that are adequate to the risks of their processing
operations for the rights of data subjects. As the risk level rises, the necessary security measures
increase, which may, for instance, ensure the resilience of systems or the availability of data and
systems. Also, remedies imposed by competent authoritiesmustbe proportionate to the gravity of
the non-compliance with the GDPR. The E-Privacy Directive allows the processing of location data
and trafficdata for value-added services only on the basis of prior approval by theuseras these data
may be personalised.

Liability
The MID ensures that, based on the risk of an activity (i.e. operating a vehicle), civil liability for

damages is covered by third-party insurance. Similarly, the GDPR ensures liability of the data
controller for damages caused by any data processing operation.

Promotion of innovation

The EU regulatory framework seeks to find a balance between the protection of the legitimate
interests of users and consumers and the promotion of competitiveness and innovation. Specific
rules and exceptions for AV innovation can often be found in the EU legal framework.

Main rules

The ITS Directive and its delegated regulations constitute an essential general framework for
products and servicesthat might be of significant importance for the operation of AV productsand
services. They create national access points for collection and re-use of specific data resources that
might be usedin the development of AV productsand services.

Access to data playsa crucialrole in the development of AVand ITS. The Open Data Directive creates
a framework for re-use of data held by public sector bodies and publicundertakings. It also creates
categories of high-value datasets thatcan be, in principle, re-used for free. Data related to mobility
are considered high-value datasets that may benefitthe development of AV productsand services.

The DSM Directive facilitates access to content and products protected by intellectual property
rights. It creates new exceptions to sui generis right of the Database Directive and to the exclusive
reproduction right of the InfoSoc Directive. These exceptions permit the use of protected content
for text and data mining activities employedin ITS and AV development. The Computer Program
Directive contains rules on reverse engineering for interoperability and rules that allow legitimate
users to observeand study how software behaves.

Exemptions

The AMSVR contains a specific procedure for type-approval of vehicles that cannot meet the
requirements of this regulation because they implement new technologies or concepts. Moreover,
the GVSR contains particular requirements for automated and fully automated vehicles. Both
regulations refer to many technicalregulations and empowers the European Commission to adapt
them to keep up with technological development.

The PLD allows Member States to adopt liability exemptions where defective nature of a product
cannot be discovered considering the technical and scientific state of the art, which may provide a
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useful niche for piloting and testing of AV solutions. The ECD also creates liability exemptions for
information society intermediaries to enable the developmentof services.

Enforcement

The rules related to enforcement of the transparency, information, access and authorisation
obligations can be foundin all relevant legislation.

Product safety

The AMSVR requires that all Member States have a national authority in charge of market
surveillance that pursues safety checks. Type-approval authorities must also carry out compliance
checks on the type-approvals they grant. Both national authorities and the European Commission
have investigation powers. In cases of non-compliance with the AMSVR, or if the identified risks
warrant swift measures, national authorities can adopt various remedies, even withdraw or recall
the product from the market. The Commission can also take remedial measuresat the EU leveland
impose administrative fines. Penalties can be imposed in the case of failure to provide OBD data and
repair information. Finally, the AMSVR mandates cooperationnot only between market surveillance
authorities but also between type-approval authorities (including through a dedicated forum
established by the European Commission).

The GPSD and the RED require Member States to establish marketsurveillance authorities thatalso
handle complaints about products. Market surveillance authorities must have sufficient
investigation powers tocheck the safety of the products and adopt remediesthatare proportionate
to the risk presented by the products (ranging from imposing the use of a specific warning to
ordering the recall of a product). National authorities must also collaborate with the European
Commission and other national authorities under framework established by the Commission.#

Cybersecurity

Cybersecurity is linked to product safety. Under the Cybersecurity Act and the NIS Directive,
competent national authorities have investigation powers vis-a-vis OES and digital service
providers, and cybersecurity certification authorities can investigate the holders of cybersecurity
certificates. Additionally, certification authorities can impose corrective measures in cases of non-
compliance with certificates, including withdrawal of the certificate. Under the NIS Directive,
national authorities must have necessary powers and means to remedy compliance failures of
regulated undertakings.

The Cybersecurity Act also requires cooperation between national authorities (e.g. information
sharing and peer review). Similarly, the NIS Directive establishes a cooperation group between
Member States, European Commission and ENISA. It also establishes a network for cooperation
between national Computersecurity incident response teams (CSIRTSs).

Data protection

The GDPR ensures that national authoritiesin charge of data protection haveinvestigation powers
and can impose corrective measures ranging from issuing warnings to imposing fines. National
authorities must alsocooperate and can conductjoint operations.

358 To that extent see Chapter Ill of Regulation 765/2008 of the European Parliament and of the Council of 9 July 2008
setting out the requirements for accreditation and market surveillance relating to the marketing of products, OJL 218
of 13.8.2008.
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National initiatives of Selected Member States

Several Member States of the EU and other countries have adopted or are adopting ambitious
strategies for the deployment of AV. Those strategies include a mix of the adaptation of their
national legal framework to allow innovation and testing new AV as well as to ensure an effective
protection of users and possible victims of AV as well as specific funding strategies for innovation
and its deployment. We mention here three EU countries as examplesbut other countries of the EU
have also adopted interesting and ambitious strategies. Those strategies are often fairly
comprehensiveand could inspirethe EU strategy.

France

In May 2018, France adopted a strategy on autonomous vehicles, which aims at allowing the
circulation in France of highly autonomous cars (SAE level 3-4) by 2022.3>° According tothis strategy,
car manufacturershaveto inform driversabout the main automation functionalities of the car and
their limits, i.e. which actions are required from thedriver.

To achieve those objectives, in December 2019, France adopted the law on the mobility of goods
and individuals.*®* With regard to the liability and provision of information to users, the French law
mandates the government to adjust current legislation (in particular the French Road Traffic Code)
before the end of 2021 to allow the circulation of highly automated (SAE level 3-4) and fully
automated (SAE level 5) vehicles. This includes defining the liability regimeapplicable to automated
driving. Under the new mobility law, the government can also specify the information which must
be provided prior to the sale or rental of an AV. With regard to access to vehicle data, the new
mobility law mandates the government: (i) to make relevant data of connected road vehicles
accessible to law enforcement, fire and rescue services to detect and prevent accidents and
authorities in charge of mobility to better understand traffic; (ii) in case of an accident, to make
incident data accessible to the police and other bodies in charge of investigating accidents and
insurance companies; (iii) to allow the remote correction of security defects and the improvement
of the security of the vehicle's automation system by allowing private operators to access certain
vehicle data. The new law also specifies that autonomous vehicle data collected by law enforcement
services to detect and prevent accidents cannot be used as proof of the commission of traffic
offences.

Germany

In September 2015, Germany adopted a strategy on automated and connected driving which
includes the development of: (i) a legal framework for the deployment of AVs on publicroads; (ii) a
new mobility digital infrastructure tomake it possible to connect vehicles with oneanotherand with
the road infrastructure in real time; (iii) research and trialling of appropriate technologies on
testbeds in real-life situations.>®

339 French Ministry of Interior (2018). Development of Autonomous Vehicles. Report.

360 | 0i 2019-1428 du 24 décembre 2019 d'orientation des mobilités. Note that the French Constitutional Court
invalidated a provision in this law regarding trials and testing of AVs. The provision would have allowed the
government to adopt legislative derogations allowing three-year trial and testing periods to develop new mobility
solutions in sparsely populated areas. The Constitutional Court considered that the provision was not precise enough
for parliament to delegate legislative powers to the government. However, the testing of AVs can still be authorised
by the minister of transport on a case-by-case basis under the 2016 Ordinance on testing of AVs.

361 Article 32 of Loi 2019-1428 du 24 décembre 2019 d'orientation des mobilités.

362 German Federal Ministry of Transport and Digital Infrastructure (n.d.). Automated and Connected Driving.
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Germany was one of the firstEU Member States to amend its laws in anticipation of AVdeployment.
The German Road Traffic Act (StralBenverkehrsgesetz, StVG) was modified in 2017 to specifically
allow highly and fully automated driving on German roads.*®* The amendments define basic terms
to categorise highly and fully automated driving (SAE levels 3 and 4), but do not give a definition to
vehicles that do not requirea human driverat all. To be admitted to the road, vehicles can be either
approved as a whole, includingtheir highly/fully automated driving functions, or such functions can
be approved separately. The latter possibility is introduced to allow activation of the preinstalled
highly/fully automated driving functions that have not yet been regulated by the applicable
internationalrules.In the absence of such internationalrules, it is possible to obtain an exemption
type-approvalfrom the European Commission, and the amended German law developsa procedure
for this.

Highly/fully automated driving is allowed only within the limits defined by individual car
manufacturers (e.g. automated driving function may be only allowed on the autobahn). The
automated system mustinform the driver when automated driving is reaching these limits and
prompt him/her to resume steering.

The driver of a vehicle with highly/fully automated driving functions is assigned new rights and
obligations by comparison to drivers of conventional vehicles. Most notably, the driver is now
allowed to divert his/her attention from traffic, but must remain 'sufficiently alert' to monitor the
vehicle and to reassume control of the vehicle when a) the automated systems prompts him/herto
dosoorb) he/ she notices — or mustnotice because tooobvious circumstances - that the conditions
for proper use of the highly/fully automated driving functions are no longer being met. These
provisions have been criticised as insufficiently clear (e.g. what 'sufficiently alert' means, when
attention can be diverted and what exactly this means), especially because they have bearing on
assigning the liability for accident or damage.*

However, the amendments to the law did not change the liability regime, but the maximum
amounts of liability have been doubled. Experts point out that liability issues need to be resolved
urgently to encourage the deployment of automated vehicles.** Clarifying when exactly the vehide
holder, driver and manufacturer are responsible needs to befair.

The amended German Road Traffic Act provides that highly/ fully automated motor vehicles must
storelocation and time data when thereis a changein vehicle controlbetween the driver and the
automated system.The data mustbe stored in a black boxthat mustbe built-in into each and every
vehicle with automated functions. The data from the black box may be used by law enforcement
authorities to punish traffic offences and forwarded to third parties if it is necessary to clarify the
controlof the vehicle and establish liability foraccidentsand damages. It remains unclear who owns
the data and what third parties are meant to have accessto them. 3¢

This legal framework is currently being reviewed to allow for commercial use of fully automated
vehicles (SAE level 4).**” Meanwhile, the testing of automated vehicles is in the hands of local
authorities,and many of them allow companies from allover the world to trialand experiment on
public roads.

363 See the English translation of the Eight Act amending the Road Traffic Act of 16 June 2017.

364 Burianski, M. and Theissen, C. (2017). Germany permits automated vehicles. White&Case.
365

Ibid; Ruttloff, M. (2017). New legal rules on automated driving. Gleiss Lutz.

366 Burianski, M. and Theissen, C. (2017). Germany permits automated vehicles. White&Case.

367 Hammerschmidt, C. (2020). German law aims to be first for driverless cars. Eenews Europe.
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The Netherlands

Despite being ranked firstin terms of preparedness for automated mobility for a number of years,
The Netherlands has notyet developed a comprehensive legal framework for automated driving.*®®
However, testing of self-driving cars was possible in The Netherlands since 20153% per special
exemption,andit required ahuman to be presentin the vehicle to take controlif necessary. Since
2019, The Netherlands also allows testing of automated vehicles without a driver being physically
present. A law was adopted to amend the DutchRoad Traffic Act to permit public road trials of such
vehicles.?° Trials can be conducted in predetermined locations and under pre-defined conditions,
including the information to othertraffic participantsaboutthe trials.

EU-level policy debate

A wide range of policy, strategyand legal documents has shaped the EU-level policies related to the
application of Al in transport, starting as early as 2008 when the European Commission first
identified intelligent transport systems (ITS) as potential significant contributionto achieve several
EU priorities: energy efficiency, greener and cleaner transport and improving road safety and
security.?" Since then the developments in cooperative intelligent transport systems (C-ITS) and,
ultimately, cooperative, connective and automated mobility (CCAM) showed the importance of a
holisticapproach to theregulation of the Alin transport.*2The EU-level legislation (specifically the
Third mobility package) discussed in Chapter 2 and funding arrangements discussed in Chapter 3
arethe manifestationofsuch holisticapproach.

2018 saw a new spin of the policy debates on Al in transport building on the legal, economic and
technological developments to that date and zooming in on specific issues and identified
challenges to further development. The European Commission outlined in detail its vision of
connected and automated mobility in the EU in a strategy for mobility of the future and assessed
the state of the legislative framework, including its necessary adjustments.?”? The European
Commission consideredthe datagovernance of the data related tothe operation of connected and
automated vehicles to be sufficient for the time being, but resolved to monitoring the situation, in
particular around the in-vehicle data.*”* Future actions to ensure data sharing to enable fair
competition and compliance with data protection rules as well as access of public authorities to
these data may be contemplated, depending on the technological and market developments. The

368 See KPMG (2020). 2020 Autonomous Vehicles Readiness Index; KPMG (2019).2019 Autonomous Vehicles Readiness
Index; KPMG (2018).2018 Autonomous Vehicles Readiness Index.

369 Decree of 15 June 2015 to amend the Decree on exemption from exceptional transports (development of self-driving
car). Bulletin of Acts and Decrees 2015, pp. 248.

370 See Decree of 25 June 2019 establishing the date of entry into force of the Act of 26 September 2018 amending the
1994 Road Traffic Act in connection with enabling experiments with automated systems in motor vehicles and the
Decree of 6 December 2018 amending the Decree exemption from exceptional transport and the Vehicle Registration
Regulations in connection with enabling experiments with automated systems in motor vehicles.

371 European Commission (2008). Action Plan for the Deployment of Intelligent Transport Systems in Europe. COM(2008)
886 of 16.12.2008.

372 Forinstance, Directive 2010/40/EU of the European Parliament and of the Council of 7 July 2010 on the framework for
the deployment of Intelligent Transport Systems in the field of road transport and for interfaces with other modes of
transport, OJ L 207 of 6.8.2010; establishment of the C-ITS Deployment Platform; adoption of the C-ITS strategy in
European Commission (2016). A European strategy on Cooperative Intelligent Transport Systems, a milestone
towards cooperative, connected and automated mobility. COM(2016) 766 of 30.11.2016.

373 European Commission (2018). On the road to automated mobility: An EU strateqy for mobility of the future.
COM(2018) 283 of 17.05.2018.

374 bid., pp. 12-13.
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current regulation of cybersecurity of AV was also deemed sufficient,*”* not least due to the adoption
of a guidance on the certificate and security policy needed for secure and trustful communication
between vehicles and infrastructure for road safety and traffic management.*’

The European Commission proposed to equip automated vehicles with data recorders (black boxes)
that would collect data on who was driving (the driver or theautonomous system) in order to clarify
liability in case of accident. However, the European Commissiondid not see the necessity in revising/
amending liability rules of the Motor Insurance Directive or Product Liability Directive.®” For the
PLD, aninterpretative guidance was deemedsufficient.?”®

The European Parliament conducted its own research into different aspects of automated driving.
An EPRS study on the EU approach to liability rules and insurance for connected and autonomous
vehicles found that most stakeholders thought a revision of liability and insurance rules premature
due to the very early stages of AV development.?”® However, there was a wide agreement that
additional rules will be necessary in the future, for example, regarding criminal negligence in case
ofan accidentinvolving AV and taking into account cybersecurity risks when assessing liability. The
study also found that access to the vehicles, driving and accident data need to be regulated to
ensure accurate and timely resolution of liability issues.

An own-initiative report on autonomous driving came to similar conclusions. The report
recommends assessment of the EU rules on liability in the light of Al and adoption of additional
instruments.*® Specifically, the report underlines the need for 'clear legislation' on liability and
mentions a possibility of adoption of 'new rules on the basis of which responsibility and liability are
allocated'. The report also supports the obligation to install 'event data recorders in line with the
revised General Safety Regulation in order to improve accident investigations and to clarify' issues
of liability. The report also reiterates the recommendation from the European Parliament's 2017
resolution on civillaw rules on robotics that 'thereshould be no limitation of liability regarding the
nature and extent of the damage to be compensated in order to guarantee adequate victim
protection'.*®' The findings of the report were adopted by the European Parliament's resolution in
January 2019.31In its resolution on a comprehensive European industrial policy on Aland robotics,
the European Parliament seems to emphasise the need to review liability rules by noting that
'prevalence of autonomous vehicles in the future poses risks to data privacy and technical failures

375 |bid, p. 12.

376 European Commission (2018). Certificate Policy for Deployment and Operation of European Cooperative Intelligent
Transport Systems (C-ITS). Release 1.1.

377 Directive 2009/103/EC of the European Parliament and of the Council of 16 September 2009 relating to insurance
against civil liability in respect of the use of motor vehicles, and the enforcement of the obligation to insure against
such liability, OJ L 263 of 7.10.2009.

378 European Commission (2018). On the road to automated mobility: An EU strateqy for mobility of the future.
COM(2018) 283 of 17.05.2018,p. 10. See European Commission (2018). Liability for emerging digital technologies.
SWD(2018) 137 of 25.04.2018.

379 Evas, T. (2018). A common EU approach to liability rules and insurance for connected and autonomous vehicles. EPRS.
380

Committee on Transport and Tourism (2018). Report of 5 December 2018 on autonomous driving in European
transport, European Parliament.

381 European Parliament resolution of 16 February 2017 with recommendations to the Commission on Civil Law Ruleson
Robotics, 2015/2103(INL).

382 European Parliament resolution of 15 January 2019 on autonomous driving in European transport, 2018/2089(INI).
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and will shift the liability from thedriverto the manufacturer, requiring insurance companies to shift
howthey incorporateriskinto their underwriting'.**

The European Commissioncontinued the debate of the appropriate legal/ regulatory frameworkin
its White Paper on Al.** While this document addresses Al as a whole, it raises importantissues
related to application of Alin transport. One of themain issues is a possible adaptation of the current
EU rules on safety and liability and the adoption of specific rules for high-risk Alapplications, which
would be defined on the basis of two cumulative criteria: the sectoris which the Al application is
employed (and the Commission mentionsthe transport) and the manner the Alapplication is used
andraiserisks (and the Commissionmentions risks of injury, death or significant effects for the rights
ofindividuals).*® On the basis of the two criteria of the Commission, AV could be considered as high-
risk application. Those high risk AV application could be subject to additional requirements which
could consist of the following features: training data, data and record-keeping, information to be
provided, robustness andaccuracy,human oversight, specific requirements for certain particular Al
applications, such as those used for purposes of remote biometric identification.**¢ Those
requirement could be enforced with a prior conformity assessment which could be part of the
approval of the AV. In addition, the Commission is also examining the fitness of the existing EU
liability regime to the deploymentofalltypes (high risk and not) application.

The mainissues ofthe debateare summarisedin the figure below.
Figure 13: Potential adjustments to the EU safety and liability framework

Fa e
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Source: Cullen International (2020).

38 European Parliament resolution of 12 February 2019 on a comprehensive European industrial policy on artificial
intelligence and robotics, 2018/2088(INlI).

European Commission (2020). White Paper on Artificial Intelligence - A European approach to excellence and trust.
COM(2020) 65 of 19.02.2020.

385 |bid, p. 17.
38 |bid., pp. 18-22.
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4.2. Potential gapsand barriers of the EU regulatory framework

The analysis above identified two sector-specificregulatoryareas and five horizontal rules that apply
to the sector. When examining gaps and barriers in those frameworks, most of the studies and
academic papers focus on the following four areas: liability, empowering users (both business and
consumer), cybersecurity, and data privacy. In essence, concerns around the legal and regulatory
framework focus on the horizontal aspects - revisions to the sector-specific framework are recent
and appear to adequately cover current day requirements.*®” The following section addresses the
nature of these gaps.In general, arevised legal framework could provide benefitto the adoption of
all Al-based products and services,and notonly AV.

4.2.1. Liability

The main challenge identified by scholars and lawyers relates to the adaptation of the liability
framework to AV in particular®® and Al-based products and services in general.?*® With regard to
liability, two main alternativesare (i) fault-based liability and (ii) strict liability regimes. Fault liability
and civil liability are not harmonised at the EU level. With respect to strict liability, harmonisationis
limited to damages caused by defective products under the PLD. In addition, the MID allows the
compensation for the damages caused by motor vehicles (including AV). However, it does not
harmonise the liability rules across EU Member States.

Application of the PLD rules to AV and Al products, in general, remains highly debated. AV products
and services rely on software thatinteracts with services.lt is, however, unclearwhetherembedded
and non-embedded software can be considered as 'product’ within the scope of the PLD. Thus, it is
uncertain that liability for defective products will apply to all circumstances of an accident caused
by a defective AV. Chatzipanagiotisand Leloudasrecommend to include software within the notion
of 'product’, even if it is not incorporated in a physical medium, but not the software updates
because it would risk undermining the prompt release of updates.> Since the PLD does not cover
the product monitoring duty, software producers would be liable only for the release of defective
updates, not for failure to release updates.

In addition, proving the defective nature of technology-intense products might be complicated in
this context.

As suggested by many scholars, further guidance on the PLD or its modification might, therefore,
be needed to ensure that liability for defective products continues to apply in the context of AV.
Nevertheless, it has to be noted that ITS Directive ensures application of PLD rules to issues related
to liability arising from use of ITS application®**' and services deployed in accordance with the

387 As the needs of the industry and the technology evolve, issues around the legal and regulatory framework may

appear. At the moment, however, these gaps are not self-evident.

388 See Allen & Overy (2017). Autonomous and connected vehicles: navigating the legal issues; Jones Day (2017). Legal

Issues Related to the Development of Automated, Autonomous, and Connected Cars; Taeihagh, A. and Si Min Lim, H.
(2019). Governing autonomous vehicles: emerging responses for safety, liability, privacy, cybersecurity, and industry
risks. Transport Reviews, Vol. 39(1), pp. 103-128.

389 European Commission (2020). Report on the safety and liability implications of Artificial Intelligence, the Internet of

Things and robotics.

390 Chatzipanagiotis, M. and Leloudas, G. (2020). Automated Vehiclesand Third-Party Liability: A European Perspective.

University of lllinois Journal of Law, Technology & Policy, pp. 109-199.

391 Directive 2010/40/EU of the European Parliament and of the Council of 7 July 2010 on the framework for the

deployment of Intelligent Transport Systems in the field of road transport and for interfaces with other modes of
transport, OJ L207 of 6.8.2010.
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specification adopted by the Commission.** Hence, to some extent PLD rules can be applied to ITS
services as long astheyare deployedin accordance with EU Commission's specifications. At national
level, the PLD liability regime can also apply to some services falling under the definition of ITS. For
instance, Belgian law seems to enable the application of PLD rules to ITS application or services,
even if not deployed in accordance with EU Commission's specifications.

The EPRS notes that AV will shift the existing balance in liability distribution between consumers
and producers, further accentuate existing gaps and potentially contribute to legal and
administrative costs arising from uncertainty.*® If the current EU framework is not adjusted, in
addition to the existing gaps in the current EU legal framework, the introduction of AV will
contribute to the emergence of new gaps and legal grey areas. This is because the current legal
framework was not designed to deal with the liability issues of AV, which are technologically
complex and stand distinctly apart from the motor vehicles currently on the roads. On the basis of
an impact assessment based on seven qualitative criteria (i.e. legal certainty, potential litigation
burden, impact on innovation, impact on the level of consumer protection, political acceptance,
degree of regulatory intervention needed, and degree of dependence on soft law), the EPRS
recommends the introduction of new EU legislation and setting up of a no-fault insurance
framework for damagesresulting from AVswith an appropriateinsurance framework.

In relation to the more general debate on the liability of Al products, the Expert Group on Liability
and New Technologies notes that it is necessary todevelop a coherent andappropriate response of
the legal system tothreatstothe interests of individuals.*** The reasonfor this is that victims of harm
caused by the operation of emerging digital technologies receive less or no compensation
compared to victims in a functionally equivalent situation involving human conduct and
conventional technology. The Expert Group recommends a strict liability regime that lies with the
person in control of the risk connected with the operation of emerging digital technologies and
benefitting from their operation (i.e. operator). In the situation where two or more operators can be
identified strict liability should lie with the operator who has the more control between the person
deciding and benefitting from the use of the product and the person continuously defining the
features of the technology and providing continuous backend support. In line with this, car
manufacturer or companies operating a fleet of automated/ highly automated vehicles could be
considered as having more control on AV than car occupants and thus assuming liability for
damages resulting from theiruse.

4.2.2. Empowering users

Most of the transparency requirements related to the characteristics and functionality of products
and digital content and services apply only in the B2C context. However, the same information
asymmetry existingbbetweena consumerand a trader may also happen between a professional user
and a trader when dealing with technology-intense and sophisticated AV products and services.
Therefore, more extensive transparency requirements may be needed both in B2C and B2B
contexts.*

The current legal framework increases transparency with regard to software, algorithms and
automated decisions. For instance, the AMSVR empowers technical services providers, market

392 Article 11 TS Directive.

393 Evas, T, Acommon EU approach to liability rules and insurance for connected and autonomous vehicles. EPRS, 2018.

3% European Commission (2019). Liability for artificial intelligence and other emerging digital technologies. Report.

395 For instance, it must be noted that information requirement under the RED also apply in B2B.
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surveillance authorities and approval authorities to get access to software and information
necessary to understandhow it works. Similarly, the GDPR requiresincreased transparency in cases
of decisions based solely onautomated processing if such decision imply the processing of personal
data.ltis, however, debated whetherthese provisions allow to obtainan explanation of Al decision
from the AV manufacturer.?*

4.2.3. Cybersecurity

Cybersecurity is another importantchallenge for AV.**” The NIS Directive only applies to OESand a
limited set of digital service providers. Thus, it is questionable whether car manufacturers have
cybersecurity requirements under the NIS Directive, at least for AV that still requiresupervision. The
GVSR requires compliance with UNECE technical cybersecurity requirements but their adoption is
still pending. Under the Cybersecurity Act, certification processes are voluntary unless provided
otherwise by EU law or national law. Finally, in cases of the local processing of personal data, the
GDPR and its security requirements maynotapply.

4.2.4. Data protection and privacy

Further guidance and rules can be adopted with regard to the processing of biometric data.**® AV
have the potential to collect more — potentially invasive — personal data.** In particular, using voice
andfacerecognition technologies presents significantrisks for fundamental rights as the collection
and usage of these data may occur without person's knowledge and/or full understanding. In this
regard, Kindt (2018) claims that the GDPR applies only if the processing is carried out to uniquely
identifying the person.*® Following this interpretation, biometric data may be collected and
processed by AVwithout users' consent, if unique identificationis notthe purpose of the processing.
At the same time, Recital 10 of the GVSR states that 'advanced emergency braking systems,
intelligent speed assistance, emergency lane-keeping systems, driver drowsiness and attention
warning, advanced driver distraction warning and reversing detection systems should function
without using any biometricinformation of drivers and passengers'.

396

On the topic of right to explainability under article 22 GDPR, see Kaminski, M. (2018). The right to explanation,
explained. Berkeley Technology Law Joumnal, p. 34; Malgieri,G. and Comandé, G. (2017). Why a right to legibility of
automated decision-making existsin the general data protection requlation.International Data Privacy Law,Vol. 7(4),
pp. 243-265; Malgieri, G.(2018). Automated Decision-Making in the EU Member States: The Right to Explanation and
Other 'Suitable Safequards' for Algorithmic Decisions in the EU National Legislations. Computer law & Security Review,
Vol. 35(5); Wachter, S., Mittelstadt, B. and Floridi L. (2017). Why a right to explanation of automated decision-making
does not exist in the general data protection requlation. International Data Privacy Law, Vol. 7(2), pp. 76— 99.

397 See also TNO etal.(2019). Safety of non-embedded software: Service, data access, and legalissues of advanced robots,

autonomous, connected, and Al-based vehicles and systems. European Commission.

3% See also Punev, A.(2020). Autonomous Vehicles: The Need for a Separate European Legal Framework. European View,

Vol. 19(1), pp. 95-102; Taeihagh, A.and Si Min Lim, H. (2019). Governing autonomous vehicles: emerging responses
for safety, liability, privacy, cybersecurity, and industry risks. Transport Reviews, Vol. 39(1), 103-128. Generally, see
ENISA (2017). Cyber security and resilience of smart cars. Good practices and recommendations and ENISA (2019).
ENISA good practicesfor security of smart cars.

399 See Rannenberg K. (2016) Opportunities and Risks Associated with Collecting and Making Usable Additional Data. In:

Maurer M., Gerdes J., Lenz B., Winner H. (eds) Autonomous Driving. Springer, Berlin, Heidelberg, pp. 497-517.

400 See Kindt, J. (2018). Having Yes, Using No? About the new legal regime for biometric data. Computer Law & Security

Review, pp. 532-538.
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Table 2: Overview of gaps and barriersin the legal framework

Identifiedgap | Rulesonintroducing AV to the market Rules on using AV

l.Insurance

Motor Vehicle Insurance Directive 2009/103 (MID)

° Does not harmonise liability regimesacross EU member States.

° Even if motor vehicle under MID can include AV, it does not
prevent the driver to be considered as liable for the damages
caused.

Il. Liability
Fault-based liability and civil liability

° Not harmonised within the EU.

ProductLiability Directive 85/374

° Scope limited to B2C relationship.
. Does not applies to services
1. Liability and . Qualification of software as 'product’ highly debated.
insurance ° Burden of establishing defective nature of the product lies on
the victim.
. Defective nature must be established by victim.
° Exemptions for defect of technological products and for defects
that does not exist at the time when the product is placed on
the market.

General Data Protection Regulation 2016/679 (GDPR)

. Liability for any damages resulting of a violation of the
Regulation
. Liability only in case of processing operation of personal data

that trigger GDPR application.

IntelligentTransport Systems (ITS) Directive 2010/40

. Applicability of Product Liability Directive rules to use of ITS
limited to the applications and services set out accordingly to
specification adopted by the Commission.
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General Product Safety Directive2001/95 (GPSD)

Information on safety risks of products apply onlyin B2C context

Regulation2018/858 on approvaland market surveillanceof motor
vehicles (AMSVR)

Increases transparency of software and algorithms for technical
services and approval authorities but does not impose
explainability of AV decisions for technical services, approval
authorities and users of the vehicle.

Cybersecurity Act (Regulation 2019/881)

Framework for cybersecurity certification is only voluntary and
not mandatory.

° Does not provide any guidance on the way of assessing
defective nature of services (which are in principle excluded of
PLD scope).

I.Consumer protection

Unfair Commercial Practice Directive 2005/29 (UCPD)

° Prohibition of misleading actions and misleading omissions of

important information regarding main products and services
characteristics apply only in B2C context.

Consumer Rights Directive 2011/83 (CRD)

. Mandatory information (including about main characteristics)
before consumer is bound by sale or service contracts only in
B2C context.

Digital Content Directive 2019/770 (DCD) and Directive on certain

aspects of sales contracts of goods 2019/771 (DSCG)

. Mandatory information on important (security) updates and
integration of goods/services.

Il. Data protection
General Data Protection Regulation 2016/679 (GDPR)

. Transparency vis a vis the users through information and access
rights in B2B and B2C context only if personal data are
processed.

. Increased transparency in case of decisions based solely on

automated processing of personal data. The possibility to
obtain explanation of an automated decision on this basis
remains debated.

Network and Information Systems Directive 2016/1148

. Obligation for OES (including Operator of ITS) to adopt
appropriate security level with regard to risks of their activities.
° Qualification of car manufacturer as OES isuncertain and left to

the discretion of Member States.

95



EPRS | European Parliamentary Research Service

4.Data
protection and
privacy
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General Safety Regulation 2019/2144 on type-approval requirements General Data Protection Regulation 2016/679 (GDPR)
for motor vehicdes (GVSR)

Requires compliance of vehicle and vehicle components with
UNECE technical regulation on cybersecurity which are not yetin
force.

Radio EquipmentDirective 2014/53 (RED)

General Safety Regulation 2019/2144 on type-approval requirements

Possibility of additional privacy and safety requirements for
specific Radio equipment products (which can be used in AV)
through delegated acts. Such delegated acts are not yet adopted.

for motor vehides (GVSR)

Data protection and privacy rules for advanced safety systems
such as event data recorders and driver drowsiness and attention
warnings.

Requirement of processing of personal data 'within a closed loop
system' for advanced safety systems such as event data recorders
and driver drowsiness and attention warnings. At this stage it
remains unclear if thisrequirement is equivalent to the notion of
'local processing' identified in EDPB guidelines on connected
vehicles.

Recital 10 of the regulation seems to exclude processing of
biometric data for advanced safety systems even if no unique
identification is pursued. This requirement does not appear in the
articles of the regulation.

eCall Regulation2015/758

Data protection and privacy requirements limited to the scope of
eCall systems. Such requirement should also apply to other
vehicle systems and car component.

Appropriate level of data security (including ensuring
confidentiality, integrity, availability and resilience of
processing systems and services) for data processor and
controllerapply only incase of processing operation of personal
data.

General Data Protection Regulation 2016/679 (GDPR)

Specific rules on sensitive data that applies for biometric data
only if processed for purpose of uniquely identifying a person.
Inthat sense, GDRP seems to authorise processing of biometric
data on the basis of other legal grounds
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5. Addressing the potential gaps and barriers of the EU
regulatory framework

Key points

Flowing from the potential gaps in the regulatory framework — as well as consideration to the other non-
regulatory enablers for the industry — policy options around harmonising the liability regime as well as
enhancing trust and protection of users were tested. These policy options are meant to address four gaps
and barriers, namely (1) liability and insurance; (2) empowering users; (3) Cybersecurity and (4) data
protection and privacy.

To address these gaps and barriers, there are three policy options proposed for EU-level: no additional
intervention at EU level, increasing the harmonisation of the liability regime, and enhancing trust and
protection of users. One of the policy options means that there is no additional intervention foreseen at EU
level, and represents the baseline for the analysis. Policy Option 2 focuses on harmonisation of the liability
regime. Policy Option 3 builds on the former and extends it to increase trust and protection of users.

5.1. Identifying where EU level action should focus

The previous chapters explored the legal and regulatory framework, with the final section of the
previous chapter addressing gaps within that framework that could introduce particular costs of
non-Europe should those gaps remain unfilled. In terms of the enablers identified in Chapter 3, the
current framework shows thata number of gaps arealready being tackled.

5.1.1. Areas where EU-level action is adequate

The development of necessary infrastructure (i.e. roads, 5G connectivity) is shaped by the ITS
Directive and policy initiatives aroundthe deploymentof very high capacity networks and C-ITS and
is financially supported by the CEF and other EU structural funds and 5G PPP. The EU-level funding
arrangements were amended to target different stages of technological development: Horizon
Europe aims primarily at R&D projects (fundamental research), while the DEP targets the
commercialisation stage. The rationale of the EU-level funding has changed from being the main
source of investment to becoming a leverage to unlock private investments and attract or
complement other public funding. As the EU-level fundingis planned according to EU budgetary
cycles, it seems to guarantee that in 2021-2027 a next 'Al winter' is unlikely. Last but not least,
stronger coordination of national R&D and funding in transportis ensured via STRIA.*!

The EU's latest funding policy addresses the gaps that were identified in the previous studies,
namely coordination of national efforts, close cooperation with the private sector and targeting
commercialisation of research. As emphasised in Section 4.1.2, it is difficult to say at this point
whether the new funding and competitiveness measures will suffice to maintain or enhance the
EU's leading position globally. Most of these measures have just been adopted, are being adopted
or are adjusted following the COVID-19 crisis. Therefore, it remains to be seen how these measures
unfoldin the years to come. Meanwhile, no significant new gaps in this regard could be identified.

As discussed in Section 4.1.3, most sector-specific EU-level legislation, in particular the AVSMR
(Regulation 2018/858) and GVSR (General Safety Regulation 2019/2144), have been reformed just
recently with a specific view of the Al in transport developments, which will ensure legal certainty

401 European Commission (2019).STRIA Roadmap on Connected and Automated Transport: Road, Rail and Waterborne.
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for developers, vendorsand usersand, therefore, foster trust in technologies and contribute to the
safe deployment of AVs.

The AMSVR allows innovationwhile ensuring safety as it contains a procedure for ty pe-approval of
vehicles that cannot meet the requirements of this regulation due to new technologies or concepts
implemented. Under specific conditions, Member States can deliver provisional type-approval
limited to their nationalterritory for such vehicles or components. The Commission is empowered
to adopt implementing acts in order to grant an EU-wide approval of these vehicles and
components.

The AMSVR also increases transparency vis-a-vis software and algorithms used by manufacturers
during the entire lifecycle of (automated) vehicles. Before granting market approval, technical
services designated by approval authorities can access to any software or algorithm and to
information or documentation necessary to understand this software or algorithms. After the
vehicle is placed on EU market, the same applies for market surveillance authorities and national
authorities that have delivered-type approval to a vehicle or component.

Finally, the AMSVR Annexes ensure compliance of vehicles or components with UNECE technical
regulations. Since modification of these annexes is allowed by the AMSVR, compliance and
application within the EU of UNECE initiatives relating to AVis also ensured.

The GVSR contains a set of specific rules applicable to automated vehicles and fully automated
vehicles that will enable development of safe AV. It mentions systems that will become mandatory
for AVsuch as systemsreplacing the driver, providing real-time informationto the vehicle about its
environment, monitoring driver availability to take over control. The GVSR increases protection
against unauthorised use and cyberattacks and remote access to in-vehicle data or software
modification that endanger vehicle.

The GVSR also makes mandatory systems such as (i) intelligent speed assistance, (ii) driver
drowsiness attention and distraction warnings, (iii) event data recorders, (iv) emergency lane
keeping and brakingsystemsfor mostof vehicles and provide related high-level requirements. Such
systems can be considered as technical blocks necessary to achieve development of highly of fully
automated vehicles.*?

The Commission is empoweredto adopt implementingand delegated acts related to type approval
of AVand the above-mentioned systems. Similarly, to the AMSVR, the GVSR allows modification of
its annexes in order to ensure application within EU of UNECE initiatives relating to AV.

To ensure that such recent reform of sector-specific regulation is effective in supporting the
deployment of safe AV, it will be key that the EU institutions regularly monitorthe implementation
and the effects of the AMSVR and GVSR. This is mainly the role of theEuropean Commission, but the
European Parliament may have an active role also in organising hearing and expert groups or
conducting studies. It will be also important that the Commission exercise its delegated and
implementing powers in an effective manner to contribute to the deployment of safe AV
throughout the whole internal market.

The EUrecognised the importance of trust in technology for the development of Alin general, which
will have implications for automated vehicles and ITS. Transparent and effective data governance,
protection of fundamental rights, cybersecurity of Al applications and ethical development and
deployment of technologies are cornerstones of trust that underpin their social acceptance. As

402 |nthat sense, recital 10 GVSR stating ‘some of those safety systems form the basis of technologieswhich will also be
used for the deployment of automated vehicles”.
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outlined in Section 4.1.3, general rules of the GDPR and the Cybersecurity Act will play important
role for ensuring the desired protections. The Ethics Guidelines of the Al HLEG provide a powerful
framework and uniform vision of Al future in Europe. The rules empowering consumers and users
(e.g. Platform-to-Business Regulation, Digital Contents Directive, Directive on certain aspects of
sales contracts of goods, New Deal for Consumers*®) in relation to Al developers and vendors will
further social acceptance by improving transparency and strengthening contractual rights around
the new technologies.

5.1.2. Areas where new EU-level action could be required

Yet the analysis in Section 4.2 also indicated the room for improvement by identifying significant
gaps in the legal and regulatory framework in relation to enablers of Al in transport. These gaps
mainly refer to threeissues.

Firstly, liability issues are the mostimportant among them. Clear and modern liability regime is an
important enabler for technology deploymentand take-up asit discussesrelevant risks forall actors
involved and distributesthem in a clear, efficient, and preferably fair, fashion. Currently, the liability
regime in the EU is fragmented along national borderlines. Even if AVs are covered by the
requirements of the MID, it is not clear whether AV drivers are sufficiently protected and how their
liability for damages is regulated. The PLD covers only products and not services. However, it is
highly debatable whether software (and therefore Al) can be considered a product, such that the
application of the PLD to defective Al is a moot point as well. Furthermore, the burden of proof of
the defective nature of the product lies with the victim. In the context of highly sophisticated
algorithms and Al, this may be considered an unsurmountable burden, especially considering the
lack of transparency in how algorithms and Al and developed and take decisions. In addition,
automated vehicles are very complex products, involving many products, services and processes,
and also many suppliers. A liability regime needsto sendrightand clear incentives to different parts
of the supply chain, including the end users of the end product — the automated car.

Secondly, explicability is a critical challenge for Alin general and a legislative gap that has barely
started to be addressed. Currently, there is very little EU legislation imposing algorithmic
transparency and explicability. In relation to Al in transport, due to the use and potentialimpact of
this technology, this gap may represent a significant barrier to adoption. It would prevent the
effective resolution of the liability issue and may undermine trust and social acceptance of the
technology.

It can be argued that the stakes of application of Alin transportare very highby comparisonto other
sectors and warrantthe resolution of liability and explicability issues forautomated cars before they
hit theroads. By comparison tosome other Al applications (at leastas theyare currently conceived),
automated cars will be used by consumers - laypeople of all ages and educational background -
directly, without any professional intermediary (as opposed to Al applications in healthcare,
banking, administration). One of the most dangerous direct impacts of automated cars is physical
damage/ injury to otherhumanbeings.

Thethirdissuerelates to the safety and security of Al applications in transport, including in terms
of their protection of fundamentalrights. As indicated in Section 4.1.3, data protection and privacy

403 The initiative New Deal for Consumers aims at strengthening the enfocement of EU consumer law and at

modernisation of EU consumer protection. Itis comprised of a range of activities,including a fitness check of main
EU-level legislation for consumer protection and an adoption of the Directive 2019/2161 of the European Parliament
and of the Council of 27 November 2019 amending Council Directive 93/13/EECand Directives 98/6/EC, 2005/29/EC
and 2011/83/EU of the European Parliament and of the Council as regards the better enforcement and modernisation
of Union consumer protectionrules,OJL 328 of 18.12.2019.
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requirements are currently limited to specific products, services or systems (e.g. eCall) but not to
others (e.g. radio equipment, black boxes). There is uncertainty about processing of sensitive data
in vehicle and access to in-vehicle data in case of accidents. These issues need to be resolved to
enable, on the one hand, a more adequate liability regime and, on the other hand, effective
protection of users'privacy.

5.2. Policy optionsto addressthe potential gapsand barriers

Given the policy gaps identified in Chapter 4 and discussed in further detail above, a number of
policy options were identified. One of the suggested policy options is the baseline that includes all
relevant and recently adopted legislation. While other policy options suggest specific actions to
address the potential gaps and barriers. The policy optionsare summarised in the figure below:

Figure 14: Proposed policy options

~
: : No additionalinterventionat EU level, while implementating the
Policy Option 1 . .
. currentand recently reformedlegal and policy framework, both with
(baseline) .
regard to generalrules relatedto Aland sector-specificrules related to
\AI intransoort )
\
Increasing the harmonisation of the liability regime by introducing
Policy Option 2 strict liability at the EU level, expanding the PLD to cover software and
Al and by specifying the responsibilities of Aldeveloper/
manufacturer
J
4 )
: : Enhancing trust andprotection of users by introducing Al
Policy Option 3 explainability and certification obligations for theusein transportand
by specifying data processing rules
- J

Source: Authors.

Policy Option 1is based on thelegislation that has already been put in place and for which impacts
are still accumulating. This policy option does not target any identified gap, but still does address
other enablers as discussed in Chapter 3, and as such, there are stillimpacts to be identified and
measured. Asmentioned in Chapter4, recent legislation hasaddressed the sector-specificgaps that
previous studies had identified as concerns. In addition, it is used in the rest of the analysis to
compare the net benefits modelled through a CGE model. The other proposed policy options
address and close the identified gaps outlined in Chapter 4. Table 14 summarises how suggested
policy options would address identified potential gaps.

Table 3: Which gaps are addressed by which policy option?

Gap / Proposed policy option PollcyOptlon1 PollcyOptlonZ PollcyOptlon3

1. Liability and insurance

2.Empowering users No No Yes
3. Cybersecurity No No Yes
4. Data protection and privacy No No Yes

Source: Authors.
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Policy Option 1: No additional intervention at EU level

A number of sector specificlegislation has been adopted just recently and has not yet entered into
force:

o The Approval and Market Surveillance of Vehicles Regulation (AMSVR) was adopted
in May 2018 and is applicable since 1 September 2020.
° The General Vehicles Safety Regulation (GVSR) was adopted in November 2019 and

will apply from 18 July 2022.

Similarly, some of the crucial horizontal legislation has been in force only for a very short time or
applied onlyin part:

o The Cybersecurity Act was adopted in April 2019, but parts of it will apply only from
28 June 2021;

o The Digital Content Directive was adoptedin May 2019. Member States have till 1 July
2021 to transposeitand willapply the measures from 1 January 2022;

o The Directive on aspects concerning contracts for the sale of goods has the same
transposition and application deadlinesas the Digital Content Directive;

o The Directive on better enforcement and modernisation of EU consumer protection

was adopted in December 2019. Member States shall transpose it by 28 November
2021, and the measures willapply from 28 May 2022;

o The Open Data Directive adopted in June 2019 must be transposed by 17 July 2021;
and
o The Directive on copyright in the digital single market of April 2017 must be

transposed by 17 June 2021.

This legislation needs to be transposed and applied at the national level to fully unfold its effect. It
is likely to deliver the necessary basis for the development and early deployment of AV while
protecting users and consumers, and it will contribute to increase the harmonisation of national
approaches towards AV as described in Chapter 4.1.3 (legal analysis).

Policy Option 2: Increasing the harmonisation of liability regime

This option will see AV-related products and services as high-risk Al applications and clarify the
application of strict liability to them. At the EU level, legislation on liability related to automated
vehicles is updated/ amended to include the following:

o The notion of product in the PLD will be expanded to include software and
algorithms.

o The burden of proof should be reversed: the AV user does not needto prove howand
why AV software or services failed.

o The manufacturer (Al developer) as a person most in control of all aspects of AV
assumes no-fault liability; victim is entitled to a compensation for damages prima
facie.

° As a complement, to ensure the said compensation, manufacturers (Al developers)

areobliged to take out a liability insurance (similarly to the current motorinsurance).

Policy Option 2 focuses on closing thegap around liability issues described above as this is probably
the most significant impediment to the deployment of Alin transportthat causesuncertainty for Al
developers and AV manufacturersand fosters distrust in users. By expanding the PLD to include Al,
algorithms and software, the EU will create an adequate legal framework for Alin transport for the
whole continentand, thus, send a strongsignalto the market.This is likely to encourage more R&D
and deployment of Al solutionsin Europe. The legal framework will facilitate the development of
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new insurance offerings building uptrustofusers in thenew technology and fostering the adoption
of AVs. It is likely thatinsurers will couple theirinsurance policies to various levels of cybersecurity
assurance fromAV manufacturers, which will be a market driven way to improve safety and security
of vehicles. It is equally possible that insurance products take into account the data protection
arrangements of different AVs, which would lead to higher level of privacy. The reversal of the
burden of proof and primafacie compensation suggested in Policy Option 2 will serve to strengthen
userrights and, thus,empowerusersin their dealing with the industry.

We have identified three principal channels of impact from the above-mentioned amendments to
the legislation on liability related to automated vehicles: consumer demand (for vehicles and for
transportation services), intermediate consumption of insurance services by the vehicle
manufacturingsectorand value of time savings.

Consumer demand can potentially be impacted through the demand for vehicles and for land
transport services. The literature contains mixed information on the expected direction of change
of the demand for vehicles. Some sources indicate that AVs can be expected to see rapid uptake
over the coming years, which will probably be reflected in increased demand for vehicles.*%4 Other
sources like Alonso Raposo et al. expect substantial declines in vehicle ownership on the back of
increased efficiency of use of the available fleet. 405 The issue is further complicated by the
uncertainty about the pace of replacement of the existing fleet of conventional vehicles with AVs,
driver preferences etc. We have therefore decided to keep the impact of option 2 on the demand
for vehicles at zero.

Conversely, there is a broad consensus that facilitated adoption of AV technologies will result in
increased demand for transportation services. Estimates of the size of theimpactvary depending
on the assumptions of the different sources but are in general substantial, starting at 30 % and
reaching values in excess of 100 %.4% To stay on the conservative side, we have takenthe size of the
impact to be 30 % in this scenario.

The introduction of mandatory insurance for manufacturers of AVs will be reflected in increased
intermediate consumption of insurance services by the vehicle manufacturing sector. The size of
theimpact willdepend on the specific way the requirements are introduced. To quantify the impact,
we assume that the intermediate consumption will increase by 10 %.*” These are commensurate
with the estimates in Martens and Garrez on additional insurance costs associated with a stricter
liability regime. 408

Increased adoption of AVs as a result ofimproved liability regulation can also bring about value of
time savings. For example, Bertoncello and Wee estimate that AVs can free up to 50 minutes a day
for users.4%% Assuming average combined work-and-commute time of 9 hours a day, this results in

404 See e.g. Bagloee, S. et al. (2016). Autonomous vehicles: challenges, opportunities, and future implications for

transportation policies. Journal of Modern Transportation, Vol. 24, pp. 284-303; European Commission (2018). On the
road to automated mobility: An EU strateqgy for mobility of the future, COM(2018) 283 of 17.05.2018.

Alonso Raposo, M. et al.(2017). The r-evolution of driving: from Connected Vehicles to Coordinated Automated Road
Transport (C-ART). EUR 28575 EN, Publications Office of the European Union.

Ibid,; Anderson, J. et al. (2016). Autonomous Vehicle Technology: A Guide for Policymakers. RAND Corporation.

405

406

497 We conducted a sensitivity analysis on thisassumption, by assuming the increase in intermediate consumption to be

5% and 15 %.The results of this analysis are includedin AnnexlIl.

408 Marten, B. and Garrez, J. (2019). Cost_of non-Europe in robotics and artificial intelligence: Liability, insurance and risk

management, EPRS, p. 54.

Bertoncello, M. and Wee, D. (2015). Ten ways autonomous driving could redefine the automotive world. McKinsey &
Company.
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10 % savings. We have approximated this in the model by reducing the coefficients capturing
disutility of labour by 10 %.

Table 15 summarises the main assumptionsregardingPolicy Option 2.
Table 4: Assumptions for Policy Option 2
Demand for Intermediate

transportation consumption of
services insurance services

Value of time
savings

Demandfor
vehicles

Policy option

Policy Option 2 0% 30% 10% 10%

Source: Authors based on various literature.

For all the channels listed above we assume gradual uptake over the simulation horizon as the
impacts are expected to materialise through a progressive adaptation process.This means that the
respective magnitudesof the effects are attainedin 2030. The shock sizes for the years priorto 2030
are computed by linear interpolation from a starting point of zero in the period preceding the first
simulation year. The assumption that the impacts reach full strength at the end of the simulation
horizon is justified by the fact that the estimates from the studies used for the shock computation
refer toyearsinthe 2030-2050 range.

Policy Option 3: Enhancing trust and protection of users

This option builds on the reform of the liability regime suggested in Option 2, but additionally
introduces:

o an obligation of explainability of algorithms and Alapplications used in automated
vehicle. This obligation should ensure transparency and capacity tounderstand (fully)
automated decisions of AV.

o an obligation of local data processing at least when sensitive data under the GDPR
areinvolved. This should include, whenevertechnically possible, an obligation of local
data processing/ storage relating to personal data relating to uses habits of the
driver/owner of (automated) vehicles as they can reveal life habits of the person.

o whenever technically possible, an obligation to live processing of personal data (or
very shortstorage period such asforeCall/ driver monitoringanddataevent recorder/
black box).

o an obligation to obtain consent for processing of biometricdata (as per Recital 10

of 2019/2144 Regulation) even if no unique identification purpose is pursued.*°The
aim ofthis obligation is to ensure people know that sensitive datais being used and
processed, even locally. Therefore, the obligation of prior consent could include an
explanation about the nature of data processed in the vehicle.

J mandatory cybersecurity certification for AVsin the EU market.

EU-level legislation must ensure personal (especially sensitive) data security even if the GDPR does
not apply (e.g. in case of live processing and/or local processing as mentioned above). Therefore,
the obligation of data and privacy protection will be expanded to include various products, services
and systems of automated car (specifically radio equipment, black boxes). Also, adequate
information on AV and automated decision-making (transparency and information requirements)

410 This obligation is suggested as Article 9 GDPR seems to apply only if biometric data are processed for a purpose of
unique identification.
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will be expanded to include so called professional users (e.g. bus drivers, truck drivers) who currently
have lower levels of protection thanconsumers.

Policy Option 3 addresses in a more targeted manner various gaps around user protection. More
directly than Policy Option 2, it increases the transparency and cybersecurity of Al applications
developed forandusedin transport. Itis also proposes sector-specific solutions to data protection
and privacy challenges through localand live processing. It also hasa moreholistic view of AV users
and ensures protection for anyoneridingan AV.

Policy Option 3 is the second alternative scenario for the quantification of the net benefits. It is
cumulative with respect to Policy Option 2 and strengthens the channels of impact presentin the
latter through the addition of the requirement of implementation that observes a set of ethical
principles. Table 16 summarises the main assumptions regarding the policy option.

Table 5: Assumptions for Policy Option 3

Demandfor Intermediate
Demandfor Value of time

vehicles savings

transportation consumption of
services insurance services

Policy option 3 0 33.18% 15% 11.75%

Source: Authors based on various literature.

To quantify the additional impact of the ethical implementation requirement on consumer
demand and the supply of labour, we rely on the results from the Delphi survey reported in Evas
and Lomba (2020) for the respective channels of impact.*'" More specifically, we use the averaged
Delphi responses comparing the implementation of a unified approach (Policy Option 1) to the
status quo in Evas and Lomba (2020). The unified approach scenario was chosen as the least
common denominator providing a conservative estimate of the potential impact of ethical
implementation on the respective economic variables. The impacts computed from the Delphi
method results were added to the shocks for Policy Option 2. This led to additional increases in
consumer demand and labour by 3.18 and 1.75 percentage points respectively compared to the
impact of Policy Option 2. Therefore, the impact on demand for transportation services is set to
33.18 %; and impact on value of time savings —-to 11.75 %.

The requirement to implement Al technologies in accordance with ethical principles entails
additional costs to firms. This is captured by an additionalincrease in intermediate consumption
for the vehicle manufacturing sector compared to Policy Option 2. In view of the sensitivity analysis
conducted on the shocks to intermediate consumption, the shock value foroption 3 wasset at 15 %,
compared to 10 % for Policy Option 2. This choice was made to avoid underestimation of the costs
incurred in the course ofimplementation and ensure thatthis channel ofimpactis captured in the
modelin a sufficiently conservative manner.

411 Evas, T. and Lomba, N. (2020). European framework on ethical aspects of artificial intelligence, robotics and related
technologies (European added value assessment), EPRS.
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6. Assessing the cost of non-Europe and providing
recommendations

Key points

Real economic activity, measured through the changes in real GDP, is expected to increase by 1.49% in
2030 orby €231 097 million under a new liability regime (Policy Option 2) compared to the no additional EU
intervention (Policy Option 1), without taking into account the impact of the COVID-19 pandemic. The
differences of real GDP compared to no additional EU intervention are slightly higher undera new regime to
increase trustand security (Policy Option 3): it records a deviation of 1.77 % or€274 287 million in 2030.

In terms of employment, both policy options have an overall net positive impact on employment, with an
extra 5.18 million people employed under Policy Option 2, and 6.14 million people under Policy Option 3.
These estimates also do not account for the impact of the COVID-19 pandemic. The changes in private
consumption are also estimated to experience sizable effects, deviating by 1.58 % and 1.89 % from the
baseline. This indicates potential forimprovements in welfare if either policy option isimplemented.

In addition to the costs of inaction by not applying a revised liability and cybersecurity regime, Europe may
lose innovative capacity through an unclear legal framework for AVs as well as there might be less uptake
from consumers due to uncertainties over liability and data protection.

The preferred policy option is number 3, despite the fact that feasibility is considered to be lower for this
option - the potential benefits to not only the road transport sector, but also to other sectors that are
hindered by the horizontal gaps and barriers, offset the potential concerns.

In terms of the cost of non-Europe, the lower bound costs to the EU economy are €231097 million and 5.2
million jobs lost while the upper bound costs are potentially €275 287 millionand 6.1 million jobs lost.

6.1. Assessing the impact of different policy options

This section assesses how the different policy options affect the EU economyand what kinds of costs
and benefits are expected. The impacts are assessed quantitatively and qualitatively. The
quantification ofimpactsis conducted through a computable general equilibrium (CGE) model. The
main structure of the model that serves to compute per-period outcomes is augmented with a set
of dynamicequations thatallow the calculation of theimpact of shocks overa specified time horizon
at the annual frequency. The CGE model is an open economy one with a tailor-made sectoral
breakdown and a government sector. Calibration is carried out using recent data for the EU
economy. More informationon the model structure and calibration is presented in Annexlll.

In addition, the policy options,describedin Section 5.2, require a customised sectoral breakdown to
capture the specifics of the interventions. For that purpose, the manufacturing sector is split into
vehicle manufacturing and other manufacturing. Similarly, transport is divided into land transport
(the most disaggregated level availablein supply and use tables data) and other transport. The rest
of the sectors roughly follow the NACE A*10 industry breakdown, with the exception that several
services sectors are aggregated into one, called 'Other services'. Thus, the set of sectors included in
the modelis Agriculture, Industry, Vehicle manufacturing, Other manufacturing, Construction, Land
transport, Other transport, Finance and insurance, and Other services.

Since the analysis focusses on the road transport subsector, an adjustment is needed to map the
results for the land transport sector to roadtransport. This adjustmentis implemented by means of
a scale-down factor that is applied to the simulation results directly obtained from the model. All
deviations frombaseline (Policy Option 1), calculated fortherestof the policy options, are multiplied
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by the scale-down factor to reduce their magnitude and the results reported below are the adjusted
ones.*12

6.1.1. Policy Option 1: A baseline with no additional intervention at the EU
level

Since a number of sector-specific legislation and some horizontal legislation have been recently
adopted or have been in force only for a short time, one of the options could be to not intervene
additionally at the EU level. Since this legislation needs tobe transposedand applied at the national
level, the effect of it still needs to be seen.

It is likely to deliver the necessary basis for the development and early deployment of AV while
protecting users and consumers, and it will contribute to increase the harmonisation of national
approaches towards AV as described in Chapter 4.1.3 (legal analysis).

Economic impact

Table 17 provides information on the growth rates of the main macroeconomic aggregates under
Policy Option 1. GDP growth is underpinned by strong investment and thus capital growth,
coupled with practically flat employment. This implies productivity gains and technology-intensive
growth over 2020-2030 period. Private consumption evolves commensurately with output,
suggesting thatthe benefits ofincreasing income are transferred to the consumer side.

Although Policy Option 1 does notintroduce new (or change the existing) legislation, it nonetheless
covers anumber of approved regulatory measuresthatbecome effective at different pointsin time
over the 2020-2030 horizon. Several important caveats must be taken into account when
interpreting theresultsfor Policy Option 1. The CGE model used forthe quantification of the impacts
of various policy options is geared toward the analysis of structuralissues and abstracts away from
cyclical variations in the economy. For this reason, the results in the first years of the simulation
horizon do not reflect the decline in economic activity induced by the COVID-19 pandemic
Additionally, because of the country coverage of the model (see the detailed description in the
Annex lll), reporting absolute results for the baseline scenario will be misleading. We therefore
present the main characteristics of the economy and therefore the impact of no additional
intervention through Policy Option 1 in terms of average annual growth rates of the key
macroeconomic variables over the 2020-2030 horizon. Finally, the calibration of the CGE model is
based on the structure of the EUeconomyin 2016 and takes on board the expectations onthe future
economicimpact of Al reported by the respondents in the Delphi method surveydescribed above.
In that sense, while Policy Option 1 reflects the principle of not including unannounced policy
changes thatis commonly observed in forecastingexercises, its results should notbe interpreted as
a pure forecast. The construction of the option makes a deliberate trade-off in sacrificing the most
recent data available andthe incorporation of cyclical variations in orderto incorporate more details
on the structure of the economy, as well as to place special emphasis on the expected effects of Al
adoption. Therefore, it would be misleading tomake direct comparisons with the results of standard
forecasting models, which are designed to account for the latest economic developments, typically
focus on shorter horizons and do not necessarily strive to account for specific structural changes
with long term impact.

412 The value of the scale-down factor was set at 75 % based on information from Eurostat (2020). Freight transport
statistics - modal split.
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Table 6: The average annual percentage growth rate of selected macroeconomic variables
over the period 2020-2030 under Policy Option 1, EU-27

Prlvate consumption Employment Capital stock

Annual growthrate 3 o4

Source: Authors.

The growing productivity and technology-intensive development are confirmed by the sectoral
breakdowns in Table 18. Employment in traditionally labour-intensive sectors like agriculture and
construction is expected to decline against the background of growing real value added in the
sectors. Most other sectors post mildly positive growth in employmentand robustannual increases
in value added. Overall, this suggeststhatthe EU economyis expected to movein the directionof a
higher value added, technology-intensive sectoral structure.

Table 7: The average annual percentage growth rate of employmentand real value added
by sectorunder Policy Option 1 over the period 2020-2030, EU-27

Growth rate of employment | Growth rate of real value added

Agriculture -1.2 4.4
Construction -0.4 3.7
Finance andinsurance 0.3 3.6
Industry 0.5 3.0
Land transport 2.7 4.8
Manufacturing (other) 0.4 3.3
Other services 0.4 3.1
Transport (other) 0.0 3.5
Manufacturing of vehicles -0.1 2.7

Source: Authors.

Despite the positive growth rateof the main macroeconomic variables in the baseline, the dynamics
of the economy may still be associated with inefficiencies and opportunity costs.Thus, the baseline
situation and its evolution if no additional policy intervention at the EU level occurs should not be
assessed in isolation but should be considered counterfactually in comparison with alternative
policy packages. The tables reporting percentage deviations from baseline for the other policy
options may be used to gauge the size of the net gains from implementing a particular policy
package.They also provide an indication of the temporal cost of inaction in the sense that a delayed
start leads to missing out on the potential benefits stemming from the implementation of the
respective policy option.

Other impacts

Innovation potential

Autonomous vehicles, given their state of development, are still in a development phase and not
yet ready for wide adoption. Assuch, the technology could still face safety challenges, which the old
legislative frameworkfailed to address. Astesting of AVs movesfrom closed tracks tothe openroad,
a framework needed to be in place to approve these types of vehicles to legally use the road
infrastructure. This issue is much broaderthana discussionaround legal liabilities for failures of the
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technologies, but ratheraboutlicensing and a process forapproving exactly how these vehicles are
allowed to be on theroad (for example, whether a driver always needs to be behind the wheeland
is alert to potential failures in the vehicle). As mentioned in Chapter 4, the AMSVR and GVSR are
designed to allowinnovation while ensuring new safety proceduresare followed, which removes a
key obstaclein the development and testing of the technology.

Increasing physical security and cybersecurity

The new legislative framework provides the necessary components to make Al applications in
transportmore secure,including mandating new safety systems. It also provides, underthe aus pices
of the European Cybersecurity Agency (ENISA), aframework to ensure the security of the data and
various systems of Al. While safety systems required are clear within thelegislative framework, ENISA
has not yet directly addressed cybersecurity certification of AVs, which would provide consumers
with greater confidencein regards to the security of vehicles, though the framework is in place for
this certification to be created.

One area of cybersecurity that is not addressed, however, are additional issues around data
protection and privacy, which is one of the reasons why cybersecurity remainsa gap as discussed in
Chapter 4.Some cybersecurity concernsare covered under Policy Option 1, particularly with theNIS
Directive and the Cybersecurity Act, the latter of which gives ENISA a mandate to address standards
for theindustry. However, notall elements of autonomous vehicle are covered by the NIS Directive,
and while ENISA has a mandate, its first priority has been to address cloud computing. While cloud
computingis acomponent of autonomousvehicles, it leaves other elements unaddressed, at least
for the moment. Perhaps more importantly, however, is data protection and privacy. While GDPR
represents a good first step, open questions remain at the level of protection it provides on the
massive amountsof data being collected by autonomous vehicles.

Increased consumer trust and improvedlegal certainty for business users

As the gaps on liability and empowering users remain unaddressed, the consumer trust and legal
certainty for business usersmight not change under Policy Option 1. They might increase somewhat
because the current and recently adopted legislation increases transparency with regard to
software, algorithms and automated decisions. Therefore the expected impact on consumer trust
and certainty for business users will be positive but low.

Feasibility

The feasibility of Policy Option 1 is high because the respective framework s already in place and
started to beimplemented. Absence of provisions to address the identified gaps at EU level might,
however, lead to Member States introducing their own national frameworks. This might resultin a
more fragmented situation, and thus the legal certainty may hinder the ability of markets address
the identified gaps by themselves or may take extra time to do so. This could hinder the speed of
application of robotics and Alin transport and result in lower competitiveness.

Proportionality and subsidiarity

As Policy Option 1 is a baseline that comprises all recent legal developments, the criteria of
proportionality and subsidiarity have been checkedduringthe EU law-making process accordingto
the better regulation guidelines.
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Table 8: Summary of the assessmentof Policy Option 1

Enablertargeted e N/A

e The existing framework provides net

economic benefits to the EU economy, but
a mixed picture foremployment.
Employmentin traditionally labour-

Economic net benefits intensive sectors like agriculture and
construction is expected to decline, while
transportation is the only areawhere any
substantial increases of employment would
be seen.

e Some barriers to later stage testing have
been removed, providing flexibility to
approve the use of AVson roadsin some
parts of Europe.

Innovation potential

e The physical security of the vehicle has
beenimproved, mandating certain safety
Security and cybersecurity systems.

e Some cybersecurity concerns are also
addressed under the auspices of ENISA.

Increased consumer trust e Notaddressed by this policy option.
Improved legal certainty to business users e Notaddressed by this policy option.
Feasibility of implementing a policy option +++
Proportionality and subsidiarity +++

Notes: feasibility, proportionality and subsidiarity are ranked from low (+), medium (++) to high (+++).
Source: Authors.

6.1.2. Policy Option 2: Increasing the harmonisation of liability regime

The EU could intervene to update and amend the legislation for AV-related products and services
clarifying the application of strict liability to them. The goal will be to remove the potential gap
identified in the area of liability and insurance.

Economic impacts

Overall, increasing the harmonisation of liability regime through this policy option will yield positive
results. Table 20 shows theimpactofimplementing Policy Option 2 in 2020 and 2030. GDP, private
consumption,employment and capital stock are expected to increase compared tothe baseline (ie.
the situation of no additionalintervention, Policy Option 1). The dynamics of the deviations reflect
the expectation that, if the respective policy package is implemented in the first year of the
simulation, it will take several years for the EU economy to fully adjust and the effects will be
completely manifested by 2025. From 2025 onwards, the differences fromthe baseline path stabilise
orincrease marginally only as a resultof the endogenous model dynamics. Annex |l provides more
details on the sizes of theimpacts between 2020 and 2030.

Policy Option 2 anticipated to resultin a higher GDP compared to the values under Policy Option 1
(baseline) by 0.06 % in 2020 and 1.49 % in 2030. In absolute values, this means that the GDP will be
higher by €7 868 million in 2020 and €231 097 million in 2030 compared to baseline.
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The employment is expected to increase by 0.13 % or 0.243 million people in 2020 compared to
values under Policy Option 1 (baseline).In 2030, theincrease in employment is calculated to reach
2.48 % or 5.181 million compared to baseline.

Additionally, the implementation of this policy option will result in an increase in private
consumption and capital stock. The capital stock experiences a smoother growth compared to the
growth patterns of GDPand employment. Thereason for this is that the capital stock accumulates
investmentsover the entire simulationperiod. In thefirst year, the capital stock deviates negligibly
from the Policy Option 1values.In 2030, the capital stock is expected to differ from Policy Option 1
(baseline) by 0.49 %, while private consumption — by 1.58 %.

Atadisaggregatedlevel, theimpact ofincreasingharmonisation of liability regime is positivefor all
sectors on real value added and employment (Tables 19-20). The impacts are positive regardless
whether the sectors covertechnology producersectors and technology usersectors.

The only exception is land transport sector, where it will take several years for the EU economy to
adjust until the benefits from such a policy initiative could be visible. From 2022 onwards, the
differences from the Policy Option 1 (baseline) path will increase in line with the effects in other
sectors.

Table 20: Impact of implementing Policy Option 2 on selected macroeconomic variables,
percentage and absolute deviations from Policy Option 1, EU-27

Sector (percentage deviations) | 2020 | 2030 Sector (absolute deviations) 2020 | 2030

GDP 0.06 1.49 GDP (millions of euros) 7868 231097
Employment 0.13 2.48 Employment (thousand persons) 243 5181
Private consumption 0.07 1.58 Private consumption N/A N/A
Capital stock 0.00 0.49 Capital stock N/A  N/A

Note: GDP is reported at constant 2019 prices. Percentage deviations refer to difference from Policy Option 1
in percentages.
Source: Authors.

Table 21: Impact of implementing Policy Option 2 on real value added by sector, in
percentage and absolute deviations from Policy Option 1, EU-27

Sector (percentage deviations) | 2020 | 2030 Sector (absolute deviations) | 2020 | 2030 |
39

Agriculture 0.02 094 Agriculture 2254
Construction 0.07 2.02 Construction 366 14821
Finance andinsurance 0.03 1.38 Finance andinsurance 134 9440
Industry 0.04 1.10 Industry 137 4707
Land transport -0.12  3.58 Land transport -291 11686
Manufacturing (other) 0.11 1.47 Manufacturing (other) 1754 31202
Otherservices 0.07 1.39 Otherservices 4494 123583
Transport (other) 0.07 1.37 Transport (other) 215 5286
Manufacturing of vehicles 0.09 1.29 Manufacturing of vehicles 189 3754

Note: Percentage deviations refer to difference from Policy Option 1 in percentages.
Source: Authors.
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Table 22: Impact ofimplementing Policy Option 2 on employmentby sector,in percentage
and absolute deviations from Policy Option 1, EU-27

Sector (percentage deviations) | 2020 [ 2030 Sector (absolute deviations) | 2020 | 2030
9 250

Agriculture 0.10 = 2.59 Agriculture

Construction 0.14 3.81 Construction 5 130
Finance andinsurance 0.06  2.56 Finance andinsurance 3 126
Industry 0.14 | 2.57 Industry 5 88
Land transport -0.29 8.37 Land transport 17 511
Manufacturing (other) 020 233 Manufacturing (other) 54 665
Otherservices 0.12  2.14 Otherservices 171 3218
Transport (other) 017 254 Transport (other) 8 124
Manufacturing of vehicles 0.22  2.60 Manufacturing of vehicles 6 69

Note: Percentage deviations refer to difference from Policy Option 1 in percentages.
Source: Authors.

Other impacts

Increased consumer trust

The lack of clarity over liability can cause significant concerns for consumersthatmay be held liable
for faults in the self-driving —and to an extent, potentially self-maintaining — systems of an AV. From
a consumer's perspective, there is an understanding that in case of driver error, the driver of the
vehicle can be liable for damages: where the driver does not exist, it should be clear to consumers
where liability should lie, both from the consumer's obligation toother parties in an accident and to
the manufacturers of the product and service combinations of the AV. This policy option would
provide benefit to consumers.

Legal certainty for business users

For companies — particularly SMEs - a clear liability regime is critical to access finance, because
private finance require due diligence with respect to contingent liabilities.*’* At amore general level,
theincreasing importance of softwarein the overall performance of the vehicle - something which
the existing legal framework does not cover — provides a source of uncertainty for manufacturers
that rely on other providers to provide the package of technologies required for an AV to operate
safely. A revised legal regime can help clarify liability within value chains.

Innovation potential

Related to thelegal certainty provided to businessusers, a clear framework provides suppliers with
the confidence to understand where their liabilities begin and end. An unclear liability regime may
cause certain parts of the valuechain to avoid particularinnovations if it remains unclear who bears
responsibility for a failure. Critically, AVs will likely involve modules — combinations of software and
hardware - that come from different manufacturers. For example, the self-driving system may rely
oninformation not provided by the manufacturer of the vehicle itself to operate safely, which leaves
open the question of who is ultimately responsible.

413 Delponte, L (2018). European Artificial Intelligence (Al) leadership, the path for an integrated vision. Study for the ITRE
Committee of the European Parliament, p. 20.

111


https://www.europarl.europa.eu/thinktank/en/document.html?reference=IPOL_STU(2018)626074

EPRS | European Parliamentary Research Service

Security and cybersecurity

This policy option provides no new protections to security and cybersecurity, though clarified
liabilities could potentially cause stakeholdersto pay it more attention.

Feasibility of the policy option

Feasibility of Policy Option 2 can be considered high. A consensus seems to emerge between
scholars, experts and other stakeholders about the need to set up a clear harmonised EU-wide
liability framework for Alin transport. This option is likely to be supported by the insurance industry
as well, due to the rich business opportunities it offers. Stakeholders will be also favouring the
market-driven approach to cybersecurity, data protection and user empowerment that will be
triggered thanks to this option. Compared to Policy Option 1; however, harmonisation across
Member States will take additional effort.

Proportionality and subsidiarity

Proportionality and subsidiarity of this policy option are expected to be high. Policy Option 2
proposes to increase the harmonisation of the liability regime in the EU - an intervention that
enhances the efforts ofindividual Member States and reduces fragmentationof the Single Market.
Policy Option 2 builds on the existing EU interventions in the field of liability for road vehicles, where
the current legalinstruments (directives) proved to be proportionate and effective. Another future
directive on liability is highly likely to be considered a proportionate intervention as well.

Table 23: Summary of the assessment of Policy Option 2

e Liability and insurance
Enabler targeted e Technology

e ResearchandDevelopment

e Increasein GDP by 1.49 % or€231 097
millionin 2030 compared to Policy Option 1

Economic net benefits e Increase inemployment by 2.48 %or5.181
million people in 2030 compared to Policy
Option 1

e Provide clarity to providers for AVs that may

Innovation potential L
P be combining systems

e Same protections as provided under Policy

Security and cybersecurity Option 1

e Assure consumers that AVs will not
Increased consumer trust introduce unclear liability issues for which
they will be responsible

e Provide the necessary information required
for funding SMEs

e (larify liability amongst providers that need
to interactfor AVs

Improved legal certainty to business users

Feasibility of implementing a policy option ++

Proportionality and subsidiarity +t 4

Notes: feasibility, proportionality and subsidiarity are ranked from low (+), medium (++) to high (+++).
Source: Authors.
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6.1.3. Policy Option 3: Enhancing trust and protection of users

The gaps related to empowering users, cybersecurity, data protection and privacy could be closed
by this policy option.

Economic impact

Overall,enhancing trustand protection of usersthrough this policy option will yield positive results.
Table 24 shows the impact of implementing Policy Option 3 in 2020 and 2030. GDP, private
consumption,employmentand capital stockare expected to increase comparedto Policy Option 1
(baseline or the situation of no additional intervention). Similarly, to the dynamics of Policy Option
2, if Policy Option 3is implemented in thefirst year of the simulation (2020), it will take several years
for the EU economy tofully adjustand the effects will be completely manifested by 2025. From 2025
onwards, the differences from Policy Option 1 (baseline) path stabilise or increase marginally only
as a result of the endogenous model dynamics. Annex lll provides more details on the sizes of the
impacts between 2020 and 2030.

Policy Option 3 is anticipated to result in a higher GDP compared to Policy Option 1 by 0.08 % in
2020 and 1.77 % in 2030. In absolute values, this means that the GDP will be higher by €10 305
million in 2020 and €275 287 million in 2030 compared to the values in Policy Option 1 (baseline).
Overall, the differences compared to thebaseline are higher comparedto the differences underthe
implementation of Policy Option 2.

The employment is expected to increase by 0.16 % or 0.315 million people in 2020 compared to
values in Policy Option 1 (baseline). In 2030, the increase in employment is calculated to reach
2.94 % or 6.147 million compared to Policy Option 1 (baseline). Similarly, to the differences in GDP
between Policy Option 2 and 3, the anticipated differences are higher compared to the ones under
Policy Option 2.

Additionally, the implementation of this policy option will result in an increase in private
consumption and capital stock. In the first year, the capital stock deviates negligibly from the
baseline. Private consumption and capital stock will rise by 1.89 % and 0.6 % respectively in 2030.

Atadisaggregatedlevel, theimpact ofincreasingharmonisation of liability regime is positivefor all
sectors on real value added and employment (Tables 23-24). The impacts are positive regardless
whether the sectors cover technology producer sectors and technology user sectors. Similarly, to
theimpact of Policy Option 2, land transport sector will experience an adjustment periodin the first
two years after Policy Option 3isimplemented.From 2022 onwards, the differencesfrom thePolicy
Option 1 (baseline) path will increase in line with the effects in other sectors.

Table 9: Impact of implementing Policy Options 3 on selected macroeconomic variables,
percentage and absolute deviations from Policy Option 1, EU-27

Sector(percentage deviations) | 2020 | 2030 Sector (absolute deviations) 2020 2030

0.08 1.77 GDP (millions of euros) 10305 275287
Employment 0.16 2.94 Employment (thousand persons) 315 6147
Private consumption 0.09 1.89 Private consumption N/A N/A
Capital stock 0.00 0.6 Capital stock N/A N/A

Note: GDP is reported at constant 2019 prices. Percentage deviations refer to difference from Policy Option 1
in percentages.
Source: Authors.
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Table 10: Impact of implementing Policy Option 3 on real value added by sector, in
percentage and absolute deviations from Policy Option 1, EU-27

Sector (percentage deviations) | 2020 [ 2030 Sector (absolute deviations) | 2020 | 2030

Agriculture 0.03 1.15 Agriculture 2730
Construction 0.10 2.41 Construction 558 17599
Finance andinsurance 0.04 1.67 Finance andinsurance 231 11352
Industry 0.05 1.32 Industry 180 5666
Land transport -0.08 4.06 Land transport -197 13208
Manufacturing (other) 0.13 1.77 Manufacturing (other) 2103 37343
Otherservices 0.08 1.67 Otherservices 5792 147601
Transport (other) 0.09 1.64 Transport (other) 268 6289
Manufacturing of vehicles 0.10 1.54 Manufacturing of vehicles 227 4476

Note: Percentage deviations refer to difference from Policy Option 1 in percentages.
Source: Authors.

Table 11:Impact ofimplementingPolicy Option 3 on employmentby sector,in percentage
and absolute deviations from Policy Option 1, EU-27

Sector (percentage deviations) | 2020 | 2030 Sector (absolute deviations) | 2020 2030

Agriculture 0.14  3.11 Agriculture

Construction 0.21 4.52 Construction 7 155
Finance and insurance 0.10 3.07 Finance and insurance 5 151
Industry 0.18 3.07 Industry 6 105
Land transport -0.19 9.44 Land transport -11 577
Manufacturing (other) 0.24 2.78 Manufacturing (other) 64 794
Otherservices 0.15 2.55 Otherservices 216 3836
Transport (other) 0.21 3.01 Transport (other) 9 147
Manufacturing of vehicles 0.26 3.08 Manufacturing of vehicles 7 82

Note: Percentage deviations refer to difference from Policy Option 1 in percentages.
Source: Authors.

Other impacts

Improving consumer trust

Consumer confidencein AVs involve both the performance of the vehicles as well as confidence in
what will be done with the vast amounts of data thatwill be accumulated. Consumers may choose
to avoid vehicles because they worry aboutthe ultimate safety of the vehicle, but they may also be
concerned about how data about their movements will be used in other contexts. Clarification of
data protection processes, both in securing the vehicle and ensuring that data is only used for a
specific set of purposes, will help to increase consumer confidence,and hence uptake, of the vehicle.
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Increasing cybersecurity (ingeneral)

While the Cybersecurity Act and other legal elements described in Chapter 4 illustrate how
cybersecurity issuesare already being addressed in the context of AV, clarifying data usage will also
—as a corollary - reduce the likelihood of data breaches that can causes economic losses for both
businesses and consumers.

Improved legal certainty for business users

As Policy Option 3would include thesame changesto the regulatory frameworkfor liability as Policy
Option 2, theimprovementsfor business userswould be similar to this other policy option.

Feasibility of the policy option

Feasibility of this Policy option is going to be low. First, thereiis still lack of clarity and consensus on
what exactly the explicability of algorithms and Al means and how it can be implemented in
practical terms.*"* Second, cybersecurity certification has so far intended to be voluntary, and many
stakeholders oppose a mandatory solution for it, both on the grounds of practicality (i.e. there are
no capacities to quickly certify the whole industry) and becauseitis not clear how to certify such a
complex product as a car. Last, many stakeholders may feel overwhelmed with recent GDPR
requirements, considerthem sufficient for the moment and oppose further tightening of the rules.
Some researchers estimate that the heavy data protection and privacy rules and high costs of
compliance with them complicate Alresearch and deploymentin the EU.*"

Proportionality and subsidiarity

This policy option offers the possibility to address all identified gaps to the adoption of Al-based
products and services in transport. Providing unified approach to it would create a better
environment for operation within the Single Market (i.e. enhancing the harmonisation and
consistency of the legal framework across the EU). In addition, since the gaps are horizontal, there
could be some spill overimpacts on the adoption of all Al-based products and services. Therefore,
the subsidiarity of this policy option is considered to be high. Proportionality ultimately depends on
the legal instrument chosen. However, considering that this policy option proposes to patch gaps
in the existing legislation, proportionality is also likely to be high.

Table 12: Summary of the assessmentof Policy Option 3

e FEthical frameworkfor Al

e Liability and insurance

Enabler targeted
e Technology
e Researchanddevelopment
e IncreaseinGDPby 1.77 % or€275 287
millionin 2030 compared to Policy Option 1
Economic net benefits e Increase inemploymentby 2.94 % or 6.147
million people in 2030 compared to Policy
Option 1

414 Robbins, S.(2019). A Misdirected Principle with a Catch: Explicability for Al. Minds and Machines 29, pp. 495-514.

415 Castro, D, and Chivot, E. (2019). The EU Needs to Reform the GDPR To Remain Competitive in the Algorithmic
Economy. Research paper by Center for Data Innovation; Martin, N.,, Matt, C, Niebel, C. et al. (2019). How Data
Protection Regulation Affects Startup Innovation. Information Systems Frontiers 21, pp. 1307-1324.
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Innovation potential e Noadded benefitover Policy Option 2

. . e Decrease the amount of private data lost
S e A1) when data breaches occur
e Increase confidencethatan AV will notbe

subject to bad actors

Increased consumer trust ) .
e Increase confidencethatdata will be used

for limited purposes

Improved legal certainty to business users e Noadded benefitover Policy Option 2
Feasibility of implementing a policy option +
Proportionality and subsidiarity +++

Notes: feasibility, proportionality and subsidiarity are ranked from low (+), medium (++) to high (+++).
Source: Authors.

6.2. Assessing the cost of non-Europe

6.2.1. The key enablers revisited

One of the assumptions of this study is that artificial intelligence is a key enabler of autonomous
vehicles - the benefits (and potential costs) of artificial intelligence derive from the fact that the
technology is an essential component for new applications in the road transport sector. Al
applications help make sense of data more efficiently, meaning thatautonomous vehicles can better
make sense of their complex surroundings, but also help to make consumer and business-level
applications that make trips more efficient. Many experts seem clear that artificial intelligence
represents one of these key components.*'® As such, the benéefits afforded by artificial intelligence
arein howit enables autonomous transportation.

While artificial intelligence should be viewed as a key enabling technology, it is not the only enabler
for autonomous vehicles, as outlined in this report. A combination of physical infrastructure,
technological development, financial support and a regulatory framework all play a role in
supporting artificial intelligence and how it can promote autonomousvehicles.

Table 13: Summary of key enablers for Al-enabled autonomous vehicles

Enablers g2 ot Key component of the enabler
enabler

Levels 3-5 of autonomous driving requires additional
Roads infrastructure, developing and installing sensors to collect road

and traffic information, compute itand share it with vehicles.
Infrastructure
Vehicles need to position themselves against other vehicles

Connectivity (vehicle-to-vehicle or V2V communication) and to plan and
navigate routes.

416 McKinsey Center for Future Mobility (2017). Smart Moves Required - The Road Towards Artificial Intelligence in
Mobility.
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While Al technologies exist in support of autonomous vehicles,
Technology their maturity level remains limited. Autonomous vehicles, despite
their potential, are still in testing phases.

It iswell documented how levelsof investment and venture
Public and private- capital have influenced the development of Al in general,and
sectorinvestment both the public and private sector play a role in financing further

Financial development of the technology.
support
Related to public-sectorinvestment, state aid and competition

rules needto see that funding is distributed in a way that does not
distort the internal market of the EU.

State-aid and
competition rules

Without social acceptance, consumers and even businessesmay
Ethical framework reJeFt anew technology. The){ may show distrust of autonomous

vehicles themselves,or may distrust how data collected from
forAl . . .

those vehicles are being used. An ethical framework can help to

drive acceptance and uptake of the technology.

As addressed atlength in this report, liability need to be

Liability and - . .
. y Regulatory sufficiently clearin an Al context so that the use of such vehicles
insurance ) . .

framework can actually start with low legal risks for those involved.

More than just financing, R&D&l policies direct the efforts of

Research, researchers — both public and private — in where to invest research
development, and effort. Recent efforts, for example, by the EU to divert research to
innovation technologies with higher technology readinesslevelsisin direct
policies response to concerns that Europe produces good theoretical

research, butfails to commercialise those efforts.
Source: Authors.

In understanding the cost of non-Europe, analysingthe gaps in the enabler framework, it becomes
clear that enablers need to be separated into two categories: legal gaps which the EU could fill by
altering the regulatory framework and priority gaps where the EU might change, for example,
priorities on how best to support the technology. In the latter case, the reqgulatory framework does
not need adjustment, but rather, it is a question of allocation of additional resources to the specific
priorities. The EU, for example, already has the legal mechanisms in place to further support 5G
development along key corridors, butbudget allocations might need to be considered.

As outlined in Chapter 4, four key gaps in the legal framework have been identified. On this basis,
several policy options were developed to conduct a cost of non-Europe analysis to quantify the
potential net benefits. In other words, we assessed quantitatively and qualitatively net costs,
resulting from the lack of EU action. The policy options were put forward and assessed in terms of
their benefits and costs, feasibility and impacts. Table 29 summarises the benefits (and costs) of each
of the proposed policy options. Overall, the preferred policy option is Policy Option 3 enhancing
trust and protectionof users. While feasibility of this policy option is lower than focussingstrictly on
theliability regime, consumertrust and cybersecurity remain key to uptake. Additionally, given that
these are horizontalissues influencing more thanjust the roadtransportsector, there are additional
costs of non-Europe that are not captured in this analysis, which need to be kept in mind when
taking this policy option path.
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Table 14: Summary of policy options assessments

PO 1: baseline/no

additional PO 2: Liability regime FOEBIIBEEE
intervention at EU protection of users
level
o Road
infrastructure
o Road Technol
infrastructure ¢ echnology
° Technology ° Ethical
Liabili d framework for
o iability an
New enabler targeted n/a insuratr)mlce Al
C e, e
development
and innovation ~ ® Research,
policies development
and innovation
policies
Innovation potential e ++ o+
Security and safety of the
. ++ ++ ++
vehicle
Cybersecurity of the vehicle  + + et
Increased consumer trust + ++ 4+
Improved legal certainty + +++ 4+
Feasibility of impl i
: y of implementing a s . .\
policy option
Proportionality and
+++ +++ +++

subsidiarity

Notes: feasibility, proportionality and subsidiarity are ranked from low (+), medium (++) to high (+++).
Source: Authors.

The qualitative and quantitative analysis focus on the costs and benefits ofimproving the regulatory
environmentin terms of the given enablers, a more specific set of recommendations - based ona
literature review that fed this research paper's understanding of the gaps of the various gaps — is
provided in the table below.

6.2.2. Estimated direct costs, lower and upper bounds

The cost of non-Europe refersto the costs borne by the EU citizens, public organisations, businesses
dueto theidentified potential gaps and barriers. The suggested Policy Options 2and 3 address the
identified gaps to various extent, while Policy Option 1 proposes no additional intervention at the
EU level. Therefore, the costs of non-Europe are calculated as benéfits that Policy Option 2 and 3
bring individually over Policy Option 1.
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Table 30: Estimated direct cost of non-Europe, in 2030, EU-27

GDP

- €231097 €275287
(millions of euros)

Employment
(million persons)
Note: the lower bound (upper bound) estimate refers to the benefits that Policy Option 2 (3) brings

additionally to Policy Option 1 as quantified using CGE model.
Source: Authors.

5.181 6.147

6.2.3. Key recommendations to regaining the costs of Non-Europe

As mentioned earlier in this report, Policy Option 3 potentially brings the biggest benefit to enable
the uptake of artificial intelligence in theroad transportation industry. While this policy options faces
greater political obstacles of aligning Member States, the overall benefit to this industry as well as
spin-off benefits to other high-tech endeavours within the EU indicate that the effort would pay
dividends.

More specific recommendations on how to alter the legal frameworkin line with the wider goals
elucidated by Policy Option 3areoutlinedin Table 31.

Table 31: Key recommendationto alter the legal framework

Gapiin Recommendation
framework

Contissa, Lagioia and Sartor argue that, while the trend of transferring liability from the
individual to the enterprise has been observed for quite along time, new Al
technologies accelerate this trend.*'” They recommend an increased duty of care,
resulting in a higher liability risk for (i) the operator; (ii) the organisation employing the
operator, both for vicarious liability and organisational liability; and, finally, (iii) the
producer of the technology, since higher complexity in the human-machineinterface
wouldincrease the risk of technological failure.

TNO etal. suggest the introduction of an ad-hoc EU legislation implementing a Risk

Liability Management Approach.#'® This approach would hold accountable the party thatis best
positioned to minimise risks, ensure compliance, as well as acquire insurance. The Risk
Management Approach, in combination with strict (or absolute) liability, would identify
a clearly responsible party (one-stop-shop) easing prima facie victim compensation, and
subsequent distribution of all associated costs along the value chain.

Finally, the GDPR liability regime may also be applied to some damages caused by AV.
As underlined by Struderand De Werra, the GDPR also introduced a strict liability
regime for damages resulting of a violation of the regulation rules (including data
accuracy principle and data security requirements).#'° For instance, when transiting
between automated to manual mode, an AV could falsely consider a driver as in the

417 Contissa G., F. Lagioia and G. Sartor (2018). Liability and automation: legal issues in autonomous cars. Networks
Industries Quarterly, Vol. 20(2), pp. 21-26.

418 TNO et al. (2019). Safety of non-embedded software: Service, data_access, and legal issues of advanced robots,
autonomous, connected, and Al-based vehiclesand systems. European Commission.

419 Studer E. and de Werra, J. (2017). Regulation Cybersecurity - What civil liability in case of cyber-attacks?. Expert Focus,
Vol. 17(8), pp. 511-517.
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position to take over control of a semi-autonomous vehicle. The data controller may be
held liable for damages of such solely automated decision based on personal data.
Nevertheless, this scenario requires that data processing operation is not pursued only
locally to trigger the GDPR's application. 4%

Considering the significantrisks inherent to AV that may not always make decisions
based on personal data, it may be necessary to introduce a general rule that AV
decisions must be explainable.

Empowering
users

In awaiting of mandatory cybersecurity technical regulations, car manufacturers might
be considered as OES to ensure the cybersecurity of vehicles or special certification
schemes for AV and their components could be established. Considering the nature of
risks inherentto AV products and services, or at least for vehicles, compliance with a
certification scheme of a high level of assurance could be made mandatory by EU or
national law.

Cybersecurity

The use of biometric data should be prohibited even if no unique identification is
pursued. Delegated acts related to these safety features and systems should be adopted
to clarify the issue and close the gap, also prohibiting the use of biometric data for these
systems, if necessary.

The RED empowers the European Commission to establish classes of radio equipment

that must be constructed incorporating safeguards for the protection of personal data

and privacy user and supporting certain features ensuring protection from fraud. A

delegated act to this end could be adopted for AV because radio equipment will be
Data used by/in AV for communication betweenvehicles and infrastructure or between
protection different vehicles.

The GVSR requires that driver drowsiness and attention warning, advanced driver
distraction warning and Event Data Recorder process data and operate on a closed-loop
system. As closed-loop systems might not necessarily mean local processing of data (i.e.
processing within the vehicle), further guidance might be necessary regarding the
processing of such personal data. Delegated acts relating to these safety systems should
address this question.

The eCall Regulation contains guarantees ensuring data protection and privacy.
Equivalent guarantees could also apply to advanced safety systems under the GVSR.

Source: Authors

420 EDBD considers local processing of personal data as falling out the scope of GDPR. See Guidelines 1/2020 on
processing personal data in the context of connected vehicles and mobility related applications.
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Annex Il Relevant provisions of legal acts

Specific provision applying to AV
Regulation 2019/2144 on type-approval requirements for motor vehicles and their trailers,

and systems, components and separate technical units intended for such vehicles, as
regards their general safety and the protection of vehicle occupants and vulnerable road

users

Article 3: Definitions

'intelligent speed assistance' means a system to aid the driver in maintaining the
appropriate speed for the road environment by providing dedicated and
appropriate feedback

'advanced driver distraction warning' means a system that helps the driver to
continue to pay attentionto the traffic situation andthat warnsthe driverwhen he
orsheis distracted

‘advanced emergency braking system' means a system which can automatically
detect a potential collision and activate the vehicle braking system to decelerate
the vehicle with the purpose of avoiding or mitigating a collision

'emergency lane-keeping system' means a system that assists the driver in
keeping a safe position of the vehicle with respect to the lane or road boundary, at
least when a lane departure occurs or is about to occur and a collision might be
imminent

'automated vehicle' means a motor vehicle designed and constructed to move
autonomously for certain periods of time without continuous driver supervision but
in respect of which driver interventionis still expected or required

'fully automated vehicle'’ means a motor vehicle that has been designed and
constructed to move autonomously withoutany driver supervision

'driver availability monitoring system' means a system to assess whether the
driver is in a position to take over the driving function from an automated vehide
in particular situations, where appropriate

'vehicle platooning' means the linking of two or more vehicles in a convoy using
connectivity technology and automated driving support systems which allow the
vehicles to maintain automatically a set, close distance between each other when
connected for certain parts of a journey and to adapt to changes in the movement
ofthe lead vehicle with little to no action from the drivers

Article 6: Advanced vehicle systems for all motor categories

Motor vehicles shall be equipped with the following advanced vehicle systems:
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(a) intelligent speed assistance; [...]
(c) driver drowsiness and attention warning

(d) advanced driver distraction warning [...]
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Intelligent speed assistance shall meet the following minimumrequirement:[...]

(c) the dedicated and appropriate feedback shall be based on speed limit
information obtained through the observation of road signs and signals,
based on infrastructure signals or electronic map data, or both, made
available in-vehicle]...].

Driver drowsiness andattentionwarningand advanced driverdistraction warning systems shall be
designed in such a way that those systems do not continuously record nor retain any data
other than what is necessary in relation to the purposes for which they were collected or
otherwise processed within the closed-loop system. Furthermore, those data shall not be
accessible or made available to third parties at any time and shall be immediately deleted
after processing. Those systemsshallalso be designed to avoid overlap and shall not prompt the
driver separately and concurrently orin a confusingmannerwhere one action triggers both systems.

Article 9: Specificrequirements relating to buses and trucks

Vehicles of categories M2, M3, N2 and N3 shall be equipped with advanced systems that are
capable of detecting pedestrians and cyclists located in close proximity to the front or
nearside of the vehicle and of providing a warning or avoiding collision with such vulnerable
road users.

Article 11: Specificrequirements relating to automated vehicles and fully automated vehicles

In addition to the otherrequirements of this Regulationand of thedelegated actsand implementing
acts adopted pursuantto it that are applicable to vehicles of the respective categories, automated
vehicles and fully automated vehicles shall comply with the technical specifications set outin
theimplementing acts referred to in paragraph 2 that relate to:

(a) systems to replace the driver's control of the vehicle, including signalling,
steering, accelerating and braking;

(b) systems to provide the vehicle with real-time information on the state of the
vehicle and the surrounding area;

(c) driver availability monitoring systems;
(d) event data recorders for automated vehicles;

(e) harmonised format for the exchange of data for instance for multi-brand
vehicle platooning;

(f) systemsto provide safety information to other road users.

However, those technical specifications relating to driver availability monitoring systems, referred
toin point (c) of thefirst subparagraph, shall not apply to fully automated vehicles.

Specific provisions applying to transport with impact on AV

Regulation 2018/858 on the approval and market surveillance of motor vehicles and their
trailers, and of systems, components and separate technical units intended for such vehicles
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Article 3: Definitions

'type-approval' means the procedurewhereby an approval authority certifies that
atype of vehicle, system,component orseparate technical unitsatisfies the relevant
administrative provisionsand technical requirements;

'system' means an assembly of devices combined to perform one or more specific
functions in a vehicle and that is subject to the requirements of this Regulation or
any of theregulatory actslisted in Annexll;

'component' means a device that is intended to be part of a vehicle, that can be
type-approved independently of a vehicle and thatis subject to the requirements
of this Regulation or any of theregulatoryacts listed in Annex|l where the specific
regulatory act makes express provisionto that effect;

'separate technical unit' means a device that is intended to be part of a vehicle
that can be type-approved separately, but onlyin relation to one or more specified
types of vehicle and that is subject to the requirements of this Regulation or any of
theregulatory actslistedin Annexllwhere the specific regulatory act makes express
provisions to thateffect;

'manufacturer' means a natural orlegal person who is responsible for all aspects of
thetype-approval of a vehicle, system, component orseparate technical unit, orthe
individual vehicle approval, or the authorisation process for parts and equipment,
for ensuring conformity of production and for market surveillance matters
regarding that vehicle, system, component, separate technical unit, part and
equipment produced, irrespective of whether ornot that person is directly involved
in all stages of the design and construction of that vehicle, system, component or
separate technical unit concerned;

'vehicle repair and maintenance information' means all information, including
all subsequent amendments and supplements thereto, that is required for
diagnosing, servicing and inspecting a vehicle, preparing it for road worthiness
testing, repairing, re-programming or re-initialising of a vehicle, or that is required
for theremote diagnostic support of a vehicle or for thefitting on a vehicle of parts
and equipment, and that is provided by the manufacturer to his authorised
partners, dealers and repairers or is used by the manufacturer for the repair and
maintenance purposes;

'vehicle on-board diagnostic (OBD) information' means the information
generated by a system thatis on board a vehicle or that is connected to an engine,
andthatis capable of detecting a malfunction, and, where applicable, is capable of
signalling its occurrence by means of an alert system, is capable of identifying the
likely area of malfunction by means of information stored in a computer memory,
andis capable of communicating thatinformation off-board;

Article 5: Technical requirements

Vehicles, systems, componentsand separate technical units shall comply with the requirements
of the regulatory acts listedin Annex|I.
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Article 8: Obligation of market surveillance authorities

Market surveillance authorities shall require economic operators to make available to the
authorities such documentation, information and other technical specifications, including
access to software and algorithms, that the authorities consider necessary for the purpose of
carrying out the market surveillance activities.

Article 13: General obligations of manufacturers

5. Manufacturersshall ensure that their vehicles, systems,components and separate technical units
are not designed to incorporate strategies or other means that alter the performance
exhibited during test procedures in such a way that they do not comply with this Regulation when
operating under conditionsthat can reasonably be expected in normal operation.[...]

10. Without prejudice to Article 9(5) and subject to the protection of commercial secrets and the
preservationof personal data pursuantto Unionand national law, manufacturers of vehicles shall
make available data whichis needed for testing by third parties for possible non-compliance,
incdluding all parameters and settings that are necessary to accurately replicate the test
conditions that were applied at the time of the type-approval testing.

Article 14: Obligations of manufacturers concerning their vehicles, systems, components,
separate technical units, parts and equipment that are not in conformity or that present a
serious risk

Where a vehicle, system, component, separate technical unit, part or equipment that has been
placed on the market or that has entered into service is not in conformity with this Regulation or
where the type-approval has been granted on the basis of incorrect data, the manufacturer shall
immediately take the corrective measures necessary to bring that vehicle, system, component,
separate technical unit, part or equipment into conformity, to withdraw it from the market or
to recall it, as appropriate.

Article 15: Obligations of manufacturer's representatives

The manufacturer's representative shall perform the tasks specified in the mandate received from
the manufacturer. That mandate shall at least, provide for the representative to:[...]

(b) provide an approval authority, following a reasoned request from that authority,
with all information, documentation and any other technical specifications, including
access to software and algorithms, that are necessary to demonstrate the conformity
of production of a vehicle, system, component or separate technical unit;

Article 25: Additional information to be provided with an application for EU type-approval

The approval authority and technical services shall have the access to the software and algorithms
of the vehicle that they consider to be necessary forthe purpose of carrying out theiractivities.

The approval authority and technical services may also require the manufacturer to supply
documentation or any additional information needed to allow the approval authority or
technical services to develop an appropriate level of understanding of the systems, including
the system development process and the system concept, as well as the functions of software
and algorithms that are necessary to verify compliance with the requirements of this
Regulation, to take a decision on which tests are required or to facilitate the execution of
those tests.
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Article 26 General provisions on conduct of procedures for EU type-approval:

The approval authority shall refuse to grant an EU type-approval where it finds that a type of
vehicle, system, component or separate technical unit that complies with the applicable
requirements nonetheless presents a serious risk to safety or may seriously harm the
environment or publichealth. In such case, it shallimmediately send to the approval authorities of
the other Member States and to the Commission a detailed file explaining the reasons for its
decision and setting out the evidence for its findings.

Article 31: Conformity of production arrangements

In order to verify that a vehicle, system, component or separate technical unit conforms to the
approved type, the approval authority or the technical services shall:
(a)if arange of values is provided forin the test procedures laid dow nin the relevant regulatory

acts listed in Annex I, set the values in a random manner within the provided range w hen
carrying out checks or tests; and

(b)have access to the software, algorithms, documentation and any additional
information in accordance with Article 25(4).

Article 39: Exemptions for new technologies or new concepts

1. The manufacturer may apply foran EU type-approval in respect of atype of vehicle, system,
component or separate technical unit that incorporates new technologies or new concepts
that are incompatible with one or more regulatory acts listed in Annex Il.

2. Theapproval authority shall grant the EU type-approval referred toin paragraph 1 where
all of the following conditions are met:

(a)the application for the EU type-approval states the reasons why the new
technologies or new concepts make the vehicles, systems, components or
separate technical units incompatible with one or more regulatory acts listed
in Annex lI;

(b)the application for the EU type-approval describes the safety and
environmental implications of the new technology or new concept and the
measures taken in order to ensure at least an equivalent level of safety and
environmental protection to that provided by the requirements in respect of
which an exemption is sought;

(c)test descriptions and results are presented proving that the condition in
point (b) is met.

3. The granting of EU type-approvals exempting new technologies or new concepts shall be
subject to the authorisation by the Commission.

The Commission shall adopt implementing acts to decide whether to grant the authorisation
referred to in thefirst subparagraph of this paragraph. Those implementing acts shall be adopted in
accordance with the examination procedure referred to in Article 83(2).

4. Pendingadoption ofimplementing acts referred to in paragraph 3, the approval authority may
granta provisional EU type-approval, valid only in the territory of the Member State of that approval
authority, in respect of a type of vehicle covered by the exemption sought. The approval authority
shallinform the Commission and the other Member States thereof withoutdelay by means of a file
containing the information referred to in paragraph 2.
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The provisional nature and the limited territorial validity of the EU type-approval shall be apparent
from the headingof theEU type-approval certificate and the heading of the certificate of conformity.

5. Approval authorities of other Member States may accept the provisional EU type-approval
referred to in paragraph 4 within their territory, provided they inform the approval authority that
granted the provisional EU type-approval of their acceptance in writing.

6. Where appropriate, the implementing acts referred to in paragraph 3 shall specify whether
authorisationsare subject to any restrictions, in particular with regard to the maximum number of
vehicles covered. In all cases, the EU type-approval shall be valid for at least 36 months.

7. Where the Commission adoptsimplementing acts referred to in paragraph 3 to refuse to grant
theauthorisations, theapproval authority shallimmediately inform theholder of the provisional EU
type-approval referred to in paragraph 4 that the provisional EU type-approval approval shall be
revoked sixmonths afterthe date of theimplementing act.

However, vehicles that have been manufactured in conformity with the provisional EU type-
approval beforeit ceased tobe valid may beplaced on the market, beregistered orenter intoservice
in any Member State that has accepted the provisional EU type-approval in accordance with
paragraph 5.

Article 57: UN Regulations required for EU type-approval

1. UN Regulations oramendments thereto which the Union has voted in favour of, or that the
Union applies and that are listed in Annex ll, shall be part of the requirements for the EU type-
approval of vehicles, systems, components or separate technical units.

2. Wherethe Union has voted in favour of a UN Regulation oramendmentsthereto forthe purpose
of whole-vehicle type-approval, the Commission shall adopt delegated acts in accordance with
Article 82, supplementing this Regulation by making that UN Regulation or the amendments
thereto compulsoryor amending this Regulation.

Those delegated acts shall specify the dates from which that UN Regulation or amendments are to
be compulsory, and shallinclude transitional provisions, where appropriate, and, where applicable
for the purposesof EU type-approval, first registration and entry into service of vehicles and making
available on the market of systems, componentsand separate technical units.

Article 61: Manufacturers' obligations to provide vehicle OBD information and vehicle repair
and maintenance information

1.  Manufacturers shall provide to independent operators unrestricted, standardised and
non-discriminatory access to vehicle OBD information, diagnostic and other equipment, tools
including the complete references, and available downloads, of the applicable software and
vehicle repair and maintenance information. Information shall be presented in an easily
accessible manner in the form of machine-readable and electronically processable datasets.
Independent operators shall have access to the remote diagnosis services used by
manufacturers and authorised dealers and repairers.

2. Until the Commission has adopted a relevant standard through the work of the European
Committee for Standardisation (CEN) or a comparable standardisation body, the vehicle OBD
information and vehicle repair and maintenance information shall be presented in an easily
accessible manner that can be processed with reasonable effortby independent operators.

The vehicle OBD information and the vehicle repair and maintenance information shall be made
available on the websites of manufacturers using a standardised formator, if this is not feasible, due
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to the nature of the information, in another appropriate format. For independent operators other
than repairers, the information shall also be given in a machine-readable format that is capable of
being electronically processed with commonly available information technology toolsand software
and which allows independent operators to carry out the task associated with their businessin the
aftermarketsupply chain.

4. Thedetails of the technical requirements for access to vehicle OBD information and vehicle
repair and maintenance information, in particular technical specifications on how vehicle
OBD information and vehicle repair and maintenance information are to be provided, are laid
downin Annex X.

5. Manufacturers shall also make training material available to independent operators and
authorised dealersand repairers.

6. Manufacturers shall ensure that the vehicle OBD information and the vehicle repair and
maintenance information are always accessible, except as required for maintenance purposes of the
information system.

Manufacturers shall make any subsequent amendments and supplements to vehicle OBD
information andvehicle repairand maintenance information available on their websites at the same
timethey are made available to authorised repairers.

7. Forthe purposes of manufacturing and servicing of OBD-compatible replacement or service
parts and diagnostic tools and test equipment, manufacturers shall provide the relevant vehicle
OBDinformation and vehicle repair and maintenance information on a non-discriminatory basis to
any interested manufacturer or repairer of components, diagnostic tools or test equipment.

8. For the purposes of the design, manufacturing and the repair of automotive equipment for
alternative-fuel vehicles, manufacturers shall provide the relevant vehicle OBD information and
vehicle repair and maintenance information on a non-discriminatory basis to any interested
manufacturer, installer or repairer of equipmentfor alternative-fuel vehicles.

9. Whererepairand maintenance recordsofa vehicle are keptin a central database of the vehicle
manufactureror on its behalf, independentrepairers shall have access tosuchrecords free of charge
and shallbe able to enter informationon repair and maintenance which they have performed.

10. This Chapter shallnot apply to vehicles that are covered by individual vehicle approvals.

11.  The Commission is empowered to adopt delegated acts in accordance with Article 82,
amending Annex X to take accountoftechnical and regulatory developments or prevent misuse by
updating the requirements concerning the access to vehicle OBD information and vehicle repair
and maintenance information, including the repair and maintenance activities supported by
wireless wide area networks and by adopting and integrating the standards referred to in paragraph
2 of this Article. The Commission shall take into account current information technology,
foreseeable vehicle technology developments, existing ISO standards and the possibility of a
worldwide ISO standard.

Article 62: Obligations with regard to holders of several type-approvals

1. The manufacturer responsible for the respective type-approval of a system, component or
separate technical unit or for a particular stage of a vehicle shall be responsible, inthe event ofa
mixed type-approval, a step-by-step type-approval or a multi-stage type-approval, for
communicating to both the final manufacturer and the independent operators the repair and
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maintenance information relating to the particular system, componentor separate technical unitor
to the particular stage.

2. Inthe case of multi-stage type-approval, the final manufacturer shall be responsible for providing
access to vehicle OBD information and vehicle repair and maintenance information regarding its
own manufacturingstage or stagesand thelink to the previous stage or stages.

Article 63: Fees for access to vehicle repair and maintenance information

1. The manufacturer may charge reasonable and proportionate fees for access to vehicle
repair and maintenance information other than the records referred to in Article 61(10).
Those fees shall not discourage access to such information by failing to take into account the
extent to which the independent operator uses it. Access to vehicle repair and maintenance
information shall be offered free of charge to national authorities, the Commission and technical
services.

2. The manufacturer shall make available vehicle repair and maintenance information, including
transactional services such as reprogramming or technical assistance, on an hourly, daily, monthly,
andyearly basis, with fees for access to such information varying in accordance with the respective
periods of time for which access is granted.

In addition to time-based access, manufacturers may offer transaction-based access for which fees
are charged per transaction and notbased on the duration for which access is granted.

Where the manufactureroffers bothsystems of access, independentrepairers shall choose systems
of access, which may be either time-based or transaction-based.

Regulation 2019/2144 on type-approval requirements for motor vehicles and their trailers,
and systems, components and separate technical unitsintended for such vehicles, as regards
their general safety and the protection of vehicle occupants and vulnerable road users

Article 4: General obligations and technical requirements

Manufacturers shall also ensure that vehicles, systems, components and separate technical units
comply with the applicable requirements listed in Annex Il with effect from the dates specified in
that Annex, with the detailed technical requirements and test procedures laid down in the
delegated acts and with the uniform procedures and technical specifications laid down in the
implementing acts adopted pursuant to this Regulation, including the requirements relating to:

[...].

(d)on-board instruments, electrical system, vehicle lighting and protection against
unauthorised use including cyberattacks;

(e) driver and system behaviour; and][...]
Article 6: Advanced vehicle systems for all motor vehicle categories
Event datarecordersshallmeet the following requirementsin particular:

(a) the data that they are capable of recording and storing with respect of the
period shortly before, during and immediately after a collision shall include
the vehicle's speed, braking, position and tilt of the vehicle on the road, the
state and rate of activation of all its safety systems, 112-based eCall in-vehicle
system, brake activation and relevant input parameters of the on-board active
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safety and accident avoidance systems, with high level of accuracy and
ensured survivability of data;

(b) they cannot be deactivated;

(c) the way in which they are capable of recording and storing data shall be such
that:

(i) they operate on a closed-loop system

(i) the data that they collect is anonymised and protected
against manipulation and misuse; and

(iii) the data that they collect enables precise vehicle type, variant
and version, and in particular the active safety and accident
avoidance systems fitted to the vehicle, to be identified; and

(d) the data that they are capable of recording can be made available to national
authorities, on the basis of Union or national law, only for the purpose of accident
research and analysis, including for the purposes of type approval of systems and
components and in compliance with Regulation (EU) 2016/679, overa standardised
interface.

Regulation 2015/758 concerning type-approval requirements for the deployment of the eCall
in-vehicle system based on the 112 service (eCall Regulation)

Article 3: Definitions

eCall'means an in-vehicle emergency call to 112, made either automatically by means of the activation
of in-vehicle sensors or manually, which carries a minimum set of data and establishes an audio channel
between the vehicle and the eCall PSAP via public mobile wireless communications network

Article 6: Rules on privacy and data protection

1. This Regulation is without prejudice to Directives 95/46/EC and 2002/58/EC. Any processing of
personal data through the 112-based eCall in-vehicle system shall comply with the personal data
protection rules provided for in those Directives.

2. The personal data processed pursuant to this Regulation shall only be used for the purpose of
handling the emergency situations referred to in thefirst subparagraph of Article 5(2).

3.The personal data processed pursuant to this Regulation shall not be retained longer than
necessary for the purpose of handling the emergency situations referred to in the first
subparagraph of Article 5(2). Those data shall be fully deleted as soon as they are no longer
necessary for thatpurpose.

4.Manufacturers shall ensure that the 112-based eCallin-vehicle systemis not traceable and is not
subject to any constant tracking.

5. Manufacturers shall ensure that, in the internal memory of the 112-based eCall in-vehicle
system, data are automatically and continuously removed. Only the retention of the last three
locations of the vehicle shall be permitted in so far as it is strictly necessary to specify the current
location and the direction of travel at the time of the event.

6.Those data shall not be available outside the 112-based eCall in-vehicle system to any
entities before the eCall is triggered.
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7.Privacy enhancing technologies shall be embedded in the 112-based eCall in-vehicle system in
order to provide eCall users with the appropriate level of privacy protection, as well as the necessary
safeguards to prevent surveillance and misuse.

8.The MSD sent by the 112-based eCall in-vehicle system shall include only the minimum
information as referred to in the standard EN 15722:2011 'Intelligent transport systems — eSafety —
eCall minimum set of data(MSD)'. No additional datashall be transmitted by the 112-based eCallin-
vehicle system. That MSD shall be stored in such a way as to make its full and permanent
deletion possible.

9.Manufacturers shall provide clear and comprehensive information in the owner's manual
about the processing of data carried out through the 112-based eCall in-vehicle system. That
information shall consist of:

(a)thereference to the legal basis for the processing;
(b)the factthat the 112-based eCallin-vehicle system is activated by default;

(cthearrangementsfor data processing that the 112-based eCall in-vehicle system
performs;

(d) the specific purpose of the eCall processing, which shall be limited to the
emergency situationsreferred to in thefirst subparagraph of Article 5(2);

(e)the types of data collected and processedand therecipients of thatdata;
(fithe time limit for the retention of data in the 112-based eCallin-vehicle system;
(g)thefactthatthereis no constanttracking of the vehicle;

(h)the arrangements for exercising data subjects' rights as well as the contact
serviceresponsible for handlingaccess requests;

(lany necessary additional information regarding traceability, tracking and
processing of personaldatain relation to the provision ofa TPS eCall and/or other
added value services, which shall be subject to explicit consentby the owner and in
compliance with Directive 95/46/EC. Particular account shall be taken of the fact
that differences may exist between the data processing carried out through the
112-based eCall in-vehicle system and the TPS eCall in-vehicle systems or other
added value services.

10.In order to avoid confusion as to the purposes pursued and the added value of the processing,
the information referred to in paragraph 9 shall be provided in the owner's manual separately for
the 112-based eCall in-vehicle system and the TPS eCall systems priorto the use of the system.

11.Manufacturers shall ensure that the 112-based eCall in-vehicle system and any additional
system providing TPS eCall or an added-value service are designed in such a way that no
exchange of personal data between them is possible. The non-use of a system providing TPS
eCall oran added-value service or the refusal of the data subject to give consent to the processing
of his or her personal data for a TPS eCall service or an added value service shall not create any
adverse effects on the use of the 112-based eCallin-vehicle system.

Directive 2010/40 on the framework for the deployment of Intelligent Transport Systems in
the field of road transport and for interfaces with other modes of transport (ITS Directive)
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Article 2: Priority areas

1. For the purpose of this Directive the following shall constitute priority areas for the
development and use of specifications and standards:

— |. Optimal use of road, trafficand travel data,

— II. Continuity of traffic and freight management ITS services,
— I ITS road safety and security applications,

— IV. Linking the vehicle with the transport infrastructure.

2. Thescope ofthe priority areas is specifiedin Annex I.

Article 3: Priority actions

Within the priority areas the following shall constitute priority actions for the development
and use of specifications and standards, as set out in Annex I:

(a)the provision of EU-wide multimodal travel information services;
(b)the provision of EU-wide real-time trafficinformation services;

(c)data and procedures for the provision, where possible, of road safety
related minimum universal traffic information free of charge to users;

(d)the harmonised provision for an interoperable EU-wide eCall;

(e)the provision of information services for safe and secure parking places for trucks
and commercial vehicles;

(fithe provision of reservation services for safe and secure parking places for trucks
and commercial vehicles.

Article 4: Definitions

'Intelligent Transport Systems' or 'ITS' means systems in which information and
communication technologies are applied in the field of road transport, including
infrastructure, vehicles and users, and in traffic management and mobility
management, as well as for interfaces with other modes of transport

'ITS application' means an operational instrumentfor the application of ITS;

'ITS service' means the provision of an ITS application through a well-defined
organisational and operational framework with the aim of contributing to user
safety, efficiency, comfort and/or to facilitate or support transport and travel
operations;

Delegated Regulation 886/2013 supplementing Directive 2010/40/EU of the European
Parliament and of the Council with regard to data and procedures for the provision, where
possible, of road safety-related minimum universal traffic information free of charge to users
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Article 2: Definitions

user of road safety-related minimum universal traffic information' means any legal or natural
person participating in the provision of road safety-related minimum universal traffic information
services, such as public and private road operators, traffic managers, service providers, and broadcasters
dedicated to traffic information.

road safety-related minimum universal traffic information service' means a real-time traffic
information service that provides an agreed minimum road safety-related content and which can be
accessed at minimum effort by a maximum of end users.

road safety-related traffic data' means data necessary for providing the road safety-related minimum
universal traffic information service and collected via any private or public source;

Article 7: Availability, exchange and reuse of data

1. Public and/or private road operators and/or service providers shall share and exchange
the data they collect pursuant to Article 6. For that purpose, they shall make these data
available in the DATEX Il (CEN/TS 16157) format or any fully compatible and interoperable
with DATEX Il machine-readable format through an access point.

2. Member States shall manage a national access point to the datareferredtoin paragraph 1,
which regroups theaccess pointsestablished by publicand/or privateroad operatorsand/orservice
providers operating on theirterritory.

3. These data shall be accessible for exchange and reuse by any user of road safety-related
minimum universal traffic information:

(@)on a non-discriminatory basis;

(b)within the Union irrespective of the Member State of establishment;
(0)inaccordance with access rightsand procedures defined in Directive 2003/98/EC,
(d)within a timeframe that ensures the timely provision of the information service;
(e)through the national access point.

4. Public and private road operators and service providers shall ensure the timely renewal and
quality of data made available through their access point

Delegated Regulation 2015/962 supplementing Directive 2010/40/EU of the European
Parliament and of the Council with regard to the provision of EU-wide real-time traffic
information services

Article 2: Definitions
'static road data' meansroad datathat do not change often or on aregular basis,
listedin point 1 of the Annex;

'dynamic road status data' means road data that change often or on a regular
basis and describe the statusoftheroad, as listed in point 2 of the Annex;

'traffic data' means data on road traffic characteristics, as listed in point 3 of the
Annex;

'real-time traffic information' means information derived from any static road
data, dynamic road status data, traffic data, or the combination thereof, provided
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by any road authorities, road operators orservice providers, for usersand end-users,
through any communicationmeans;

'real-time traffic information service' means an ITS service that provides users,
and end-users,immediately with real-time trafficinformation;

'service provider' means any public or private provider of a real-time traffic
information service, excluding a mere conveyer of information, to users and end-
users;

Article 3: National access points

Each Member State shall set up a national access point. The national access point shall
constitute a single point of access for users to the road and traffic data, including data
updates, provided by the road authorities, road operators and service providers and
concerning the territory of a given Member State.

Commission Delegated Regulation 2017/1926 supplementing Directive 2010/40/EU of the
European Parliament and of the Council with regard to the provision of EU-wide multimodal
travel information services

Article 2: Definitions
'dynamic travel and trafficdata' mean datarelating to different transport modes
that changes often or on aregularbasis, as listed in the Annex;

'static travel and trafficdata' mean datarelatingto different transport modes that
does not change at all or does not change often, or change on a regular basis, as
listed in the Annex;

'travel information service' means an ITS service, including digital maps, that
provides users, and end-users, with travel and traffic information of at least one
transportmode;

'historic traffic data' means traffic characteristics depending on the hour, day,
season based on previous measurements, including rate of congestion, average
speeds, average traveltimes, aslisted in the Annex;

'transport on demand' means a passengertransport service which is characterised
by flexible routing such as car-sharing, car-pooling, bike-sharing, ride-sharing, tax,
dial-a-ride services. These services usually require interaction between the transport
ondemand service provider and end-users before delivery;

'multimodal travel information' means information derived from any static or
dynamic travel and traffic data, or both, for users and end-users, through any
communication means, covering at least two modes of transport and allowing the
possibility to compare transport modes;

Article 3: National access points

Each Member State shall set up a national access point. The national access point shall constitute
a single point of access for users to at least the static travel and trafficdata and historictraffic
data of different transport modes, including data updates, as set out in the Annex, provided
by the transport authorities, transport operators, infrastructure managers or transport on
demand service providers within the territory of a given Member State.
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Article 4: Accessibility, exchange and reuse of static travel and traffic data

APIs that provide access to static travel and traffic data listed in the Annex via the national
access point shall be publicly accessible allowing users and end-users toregister to obtain access.
Horizontal instruments with implication on AV

Directive 2001/95 on general product safety (GPSD)

Article 2

'safe product' shall mean any product which, under normal or reasonably foreseeable conditions
of useincluding duration and, where applicable, putting into service, installation and maintenance
requirements, does not present any risk or only the minimum risks compatible with the product's
use, considered to be acceptable and consistent with a high level of protection for the safety and
health of persons, taking into accountthe following pointsin particular:

() the characteristics of the product, including its composition, packaging,
instructionsforassembly and, whereapplicable, for installationand maintenance;

(i) the effect on otherproducts, where it is reasonably foreseeable that it will be used
with other products;

(iii) the presentation of the product, the labelling, any warnings and instructions for
its useand disposaland any other indication or information regardingthe product;

(iv) the categories of consumers atriskwhen using the product, in particular children
andtheelderly.

The feasibility of obtaining higher levels of safety or the availability of other products presentinga
lesser degree of risk shall not constitute grounds for consideringa product to be 'dangerous’;

Article 3
Producers shall be obliged to place only safe products on the market.

Directive 2014/53 on the harmonisation of the laws of the Member States relating to the
making available on the market of radio equipment (RED)

Article 2: Definitions

'radio equipment' means an electrical or electronic product, which intentionally
emits and/or receives radio waves for the purpose of radio communication and/or
radiodetermination, oran electrical orelectronic product which mustbe completed
with an accessory, such as antenna,so as to intentionally emit and/orreceive radio
waves for the purpose of radio communication and/or radiodetermination;

'radio waves' means electromagnetic waves of frequencies lower than 3000 GHz,
propagated in space without artificial guide;

Article 3: Essential requirements

Radio equipment within certain categories or classes shall be so constructed that it complies
with the following essential requirements:[...]

(c) radio equipment can be connected to interfaces of the appropriate type
throughout the Union;
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(d) radio equipment does not harm the network or its functioning nor misuse
network resources,thereby causingan unacceptable degradation of service;

(e) radio equipment incorporates safeguards to ensure that the personal data and
privacy of the user and of the subscriber are protected;

(f) radio equipment supports certain features ensuring protection from fraud;...]

(i) radio equipment supports certain features in order to ensure that software can
only be loaded into the radio equipment where the compliance of the combination
oftheradio equipment and software has been demonstrated.

The Commission shall be empowered to adopt delegated acts in accordance with Article 44
specifying which categories or classes of radio equipment are concerned by each of the
requirementsset outin points (a) to (i) [...].

Article 4: Provision of information on the compliance of combinations of radio equipment and
software

Manufacturers of radio equipment and of software allowing radio equipment to be used as
intended shall provide the Member States and the Commission with information on the
compliance of intended combinations of radio equipment and software with the essential
requirements set out in Article 3. Such information shall result from a conformity assessment
carried out in accordance with Article 17, and shall be givenin the form of a statement of compliance
which includes the elements set outin AnnexVI. Depending on the specific combinations of radio
equipment and software, the information shall precisely identify the radio equipment and the
software which have been assessed, and it shall be continuously updated.

Article 10: Obligations of manufacturers

Manufacturers shall ensure that the radio equipment is accompanied by instructions and
safety information in a language which can be easily understood by consumers and other end-
users, as determined by the Member State concerned. Instructions shall include the information
required to use radio equipment in accordance with its intended use. Such information shall
include, where applicable, a description of accessories and components, including software,
which allow the radio equipment to operate as intended. Such instructions and safety
information, as wellas any labelling, shall be clear, understandable and intelligible.[...]

Article 21: Technical documentation

The technical documentation shall contain all relevant data or details of the means used by the
manufacturerto ensure that radioequipment complies with the essential requirements setout in
Article 3. It shall, at least, contain the elementsset outin AnnexV

Annexes

Annex V, point a): The technical documentation shall, wherever applicable, contain at least the
following elements:

(a) a general description of the radio equipment including:[...]

(ii)versions of software or firmware affecting compliance with essential requirements;

[...]
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Article 43: Formal non-compliance

[...]where aMember State makes one of the following findings, it shall require
the relevant economic operator to put an end to the non-compliance
concerned: [...

(h) information on the intended use of radio equipment, the EU declaration of
conformity or usage restrictions as set outin Article 10(8), (9) and (10) does not
accompany the radio equipment; [...]

Directive 85/374 on the approximation of the laws, regulations and administrative
provisions of the Member States concerning liability for defective products (PLD)

Article 4

Theinjured person shall be required to prove the damage, the defect and the causal relationship
between defectand damage

Article 6

product is defective when it does not provide the safety which a person is entitled to expect,
taking all circumstances into account, including:

(a) the presentation of the product;
(b) the use to which it could reasonably be expected that the product would be put;
(c) thetime when the product was putinto circulation.

Article 7

The producer shall not be liable as a result of this Directive if he proves: [...]

(b) that, having regard to the circumstances, it is probable that the defect which
caused the damage did not exist at the time when the product was put into
circulation by him or that this defect cameinto being afterwards; or

(e) that the state of scientificand technical knowledge at the time when he put the
productinto circulation was not such as to enable the existence of the defect to be
discovered;orl...]

Regulation 2019/881 of the European Parliament and of the Council of 17 April 2019 on
ENISA (the European Union Agency for Cybersecurity) and on information and
communications technology cybersecurity certification (Cybersecurity Act)

Article 1 Subject matter and scope

With a view to ensuring the proper functioning of the internal market while aiming to achieve
a high level of cybersecurity, cyber resilience and trust within the Union, this Regulation lays
down:[...]

(b)a framework for the establishment of European cybersecurity certification
schemes for the purpose of ensuring an adequate level of cybersecurity for ICT
products, ICT services and ICT processes in the Union, as well as for the purpose

147



EPRS | European Parliamentary Research Service

of avoiding the fragmentation of the internal market with regard to cybersecurity
certification schemes in the Union.

Article 2: Definitions

'cybersecurity’ means the activities necessary to protect network and information
systems, the usersof such systems, and other personsaffected by cyber threats;

'cyber threat' means any potential circumstance, event or action that could
damage, disrupt or otherwise adversely impact network and information systems,
the users of such systems and other persons

'European cybersecurity certification scheme' means a comprehensive set of
rules, technical requirements, standards and procedures that are established at
Union level and that apply to the certification or conformity assessmentof specific
ICT products, ICT services or ICT processes;

'European cybersecurity certificate' means a document issued by a relevant
body, attesting that a given ICT product, ICT service or ICT process has been
evaluated for compliance with specific security requirements laid down in a
European cybersecurity certification scheme;

Article 46: European cybersecurity certification framework

1. The European cybersecurity certification framework shall be established in orderto improve the
conditions for the functioning of the internal marketby increasing the level of cybersecurity within
the Union and enabling a harmonised approach at Union level to European cybersecurity
certification schemes, with a view to creating a digital single market for ICT products, ICT services
and ICT processes.

2. The European cybersecurity certification framework shall provide for a mechanism to establish
European cybersecurity certification schemes and to attest that the ICT products, ICT services and
ICT processes that have been evaluated in accordance with such schemes comply with specified
security requirements for the purpose of protecting the availability, authenticity, integrity or
confidentiality of stored or transmitted or processed data or the functions or services offered
by, or accessible via, those products, services and processes throughout their life cycle.

Article 51: Security objectives of European cybersecurity certification schemes

A European cybersecurity certificationscheme shall be designed to achieve, as applicable, at least
the following security objectives:

(a)to protect stored, transmitted or otherwise processed data against accidental or
unauthorised storage, processing, access or disclosure during theentire life cycle of
theICT product, ICT service or ICT process;

(b)to protect stored, transmitted or otherwise processed data against accidental or
unauthorised destruction, loss or alteration or lack of availability during the entire
life cycle of the ICT product, ICT service or ICT process;

(cthat authorised persons, programs or machines are able only to access the data,
services or functions to which their access rights refer;

(d)to identify and document known dependencies and vulnerabilities;
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(e)to record which data, services or functions have been accessed, used orotherwise
processed, at what times and by whom;

(fito make it possible to check which data, services or functions have been accessed,
used or otherwise processed, at whattimes and by whom;

(g)to verify that ICT products, ICT services and ICT processes do not contain known
vulnerabilities;

(h)to restore the availability and access to data, services and functions in a timely
manner in the event of a physical or technicalincident;

(ithat ICT products, ICT services and ICT processes are secure by default and by
design;

(that ICT products, ICT services and ICT processes are provided with up-to-date
software and hardware that do not contain publicly known vulnerabilities, and are
provided with mechanismsfor secure updates.

Article 52 Assurance levels of European cybersecurity certification schemes

1. A European cybersecurity certification scheme may specify one or more of the following
assurance levels for ICT products, ICT services and ICT processes: 'basic', 'substantial’ or 'high'.
The assurance level shall be commensurate with the level of the risk associated with the intended
use of the ICT product, ICT service or ICT process, in terms of the probability and impact of an
incident.

2. European cybersecurity certificates and EU statements of conformity shall refer to any assurance
level specified in the European cybersecurity certification scheme under which the European
cybersecurity certificate or EU statementof conformity is issued.

3. The security requirements corresponding to each assurance level shall be provided in the
relevant European cybersecurity certification scheme, including the corresponding security
functionalities and the corresponding rigour and depth of the evaluation that the ICT product, ICT
service or ICT process is to undergo.

4. The certificate or the EU statementof conformity shall refer to technical specifications, standards
and procedures related thereto, including technical controls, the purpose of which is to decrease
therisk of, or to prevent cybersecurity incidents.

5. A European cybersecurity certificate or EU statement of conformity that refers to assurance
level 'basic' shall provide assurance that the ICT products, ICT services and ICT processes for
which that certificate or that EU statement of conformity is issued meet the corresponding
security requirements, including security functionalities, and that they have been evaluated
at a level intended to minimise the known basic risks of incidents and cyberattacks. The
evaluation activities to be undertaken shall include at least a review of technical documentation.
Where such a review is not appropriate, substitute evaluation activities with equivalent effect shall
be undertaken.

6. A European cybersecurity certificate that refers to assurance level 'substantial' shall provide
assurance that the ICT products, ICT services and ICT processes for which that certificate is
issued meet the corresponding security requirements, including security functionalities, and
that they have been evaluated at a level intended to minimise the known cybersecurity risks,
and the risk of incidents and cyberattacks carried out by actors with limited skills and
resources. The evaluation activities to be undertaken shall include at least the following: a review
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to demonstrate the absence of publicly known vulnerabilities and testing to demonstrate that the
ICT products, ICT services or ICT processes correctly implement the necessary security
functionalities. Where any such evaluation activities are not appropriate, substitute evaluation
activities with equivalent effect shall be undertaken.

7. A European cybersecurity certificate that refers to assurance level 'high' shall provide
assurance that the ICT products, ICT services and ICT processes for which that certificate is
issued meet the corresponding security requirements, including security functionalities, and
that they have been evaluated at a level intended to minimise the risk of state-of-the-art
cyberattacks carried out by actors with significant skills and resources. The evaluation
activities to be undertaken shall include at least the following: a review to demonstrate the
absence of publicly known vulnerabilities; testing to demonstrate that the ICT products, ICT
services or ICT processes correctly implement the necessary security functionalities at the
state of the art; and an assessment of their resistance to skilled attackers, using penetration
testing. Where any such evaluation activities are not appropriate, substitute activities with
equivalent effect shall be undertaken.

Article 56: Cybersecurity certification

1. ICT products, ICT services and ICT processes that have been certified under a European
cybersecurity certification scheme adopted pursuant to Article 49 shall be presumed to comply with
therequirementsof such scheme.

2. The cybersecurity certification shall be voluntary, unless otherwise specified by Union law
or Member State law.

Directive 2016/1148 concerning measures for a high common level of security of network
and information systems across the Union (NIS Directive)

Article 1: Subject matter and scope
[...]this Directive:[...]

(d) establishes security and notification requirements for operators of
essential services and for digital service provider [...]

Article 4: Definitions
'network and information system' mean:

(a)an electroniccommunications network within the meaning of point (a) of
Article 2 of Directive 2002/21/EC;

(b)any device or group of interconnected or related devices, one or more of
which, pursuant to a program, performautomatic processing of digital data;
or

(c) digital data stored, processed, retrieved or transmitted by elements
covered under points (a) and (b) for the purposes of their operation, use,
protection and maintenance;

'security of network and information systems' means the ability of network and
information systems to resist, at a given level of confidence, any action that
compromises the availability, authenticity, integrity or confidentiality of stored or
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transmitted or processed data orthe related services offered by, or accessible via, those
network and informationsystems;

'operator of essential services' means a public or private entity of a type referred to
in Annexll, which meets the criteria laid down in Article 5(2);

'digital service'’ means a service within the meaning of point (b) of Article 1(1) of
Directive 2015/1535[...] which is of a type listed in Annexlll

Article 5: Identification of operators of essential services

The criteria for the identification of the operators of essential services, as referred to in point (4)
of Article 4, shall be as follows:

(a) an entity provides a service which is essential for the maintenance of critical
societaland/or economicactivities;

(b) the provision of that service depends on networkand information systems; and

(c) an incident would have significant disruptive effects on the provision of that
service.

Article 6: Significant disruptive effect

Article 6, §1: When determining the significance of a disruptive effect as referred to in point (c)
of Article 5(2), Member States shall take into account at least the following cross-sectoral
factors:

(a)the number of users relying on the service provided by the entity concerned;

(b)the dependency of other sectors referred to in Annexll on the service provided
by that entity;

(c)the impact that incidents could have, in terms of degree and duration, on
economicand societal activities or public safety;

(d)the market share of that entity;

(e)the geographic spread with regard to the area that could be affected by an
incident;

(f) the importance of the entity for maintaining a sufficient level of the service,
taking into account the availability of alternative means for the provision of that
service.

Article 7: National strategy on the security of network and information systems

Each Member State shall adopt a national strategy on the security of network and information
systems defining the strategic objectives and appropriate policy and regulatory measures
with a view to achieving and maintaining a high level of security of network and information
systems and covering at least the sectors referred to in Annex Il and the services referred to
in Annex|Il.[...]

Article 14: Security requirements and incident notification

Member States shall ensure that operators of essential services take appropriate and
proportionate technical and organisational measures to manage the risks posed to the
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security of network and information systems which they use in their operations. Having
regard to the state of the art, those measures shall ensure a level of security of network and
information systems appropriate to the risk posed.

2. Member States shall ensure that operators of essential services take appropriate measures
to prevent and minimise the impact of incidents affecting the security of the network and
information systems used for the provision of such essential services, with a view to ensuring
the continuity of those services.

3. Member States shall ensure that operators of essential services notify, without undue
delay, the competent authority or the CSIRT of incidents having a significant impact on the
continuity of the essential services they provide. Notifications shallinclude information enabling
the competent authority or the CSIRT to determine any cross-border impact of the incident.
Notification shall not make the notifying party subject to increased liability.

4. In order to determine the significance of the impact of an incident, the following
parameters in particular shall be takeninto account:

(a)the number of users affected by the disruption of the essential service;
(b)the duration of theincident;
(c)the geographical spread with regard to the areaaffected by the incident.

5. Onthebasis of theinformationprovidedin the notification by the operatorof essential services,
the competent authority or the CSIRT shallinform the other affected Member State(s) if the incident
has a significantimpact on the continuity of essential services in that Member State. In so doing, the
competent authority or the CSIRT shall, in accordance with Union law or national legislation that
complies with Union law, preserve the security and commercial interests of the operator of essential
services, as well as the confidentiality of the information provided in its notification.
Where the circumstances allow, the competent authority or the CSIRT shall provide the notifying
operator of essential services with relevant information regarding the follow-up of its notification,
such as information that could support the effective incident handling.
At the request of the competent authority or the CSIRT, the single point of contact shall forward
notifications as referred to in the first subparagraph to single points of contact of other affected
Member States.
6. After consulting the notifying operator of essential services, the competentauthority orthe CSIRT
may inform the public about individual incidents, where public awareness is necessary in order to
preventanincident or to deal with an ongoingincident.

Article 16: Security requirements and incident notification

Member States shall ensure that digital service providers identify and take appropriate and
proportionate technical and organisational measures to manage the risks posed to the
security of network and information systems which they use in the context of offering services
referred to in Annex Ill within the Union. Having regard to the state of the art, those measures
shall ensure a level of security of network and information systems appropriate to the risk
posed, and shall take into account the following elements:

(a)the security of systemsand facilities;
(b)incident handling;

(c)business continuity management;
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(d)monitoring,auditing and testing;
(e)compliance with international standards.

2. Member States shall ensure that digital service providers take measures to prevent and
minimise the impact of incidents affecting the security of their network and information
systems on the services referred to in Annex Il that are offered within the Union, with a view
to ensuring the continuity of those services.

3. Member States shall ensure that digital service providers notify the competent authority
or the CSIRT without undue delay of any incident having a substantial impact on the provision
of aservice as referred to in Annex lll that they offer within the Union. Notifications shallinclude
information to enable the competent authority or the CSIRT to determine the significance of any
cross-borderimpact. Notificationshall not make the notifying party subject to increased liability.

4. In order to determine whether the impact of an incident is substantial, the following
parameters in particular shall be taken into account:

(a)the number of users affected by the incident, in particular users relying on the
service for the provision of their own services;

(b)the duration of theincident;

(c)the geographical spread with regard to the areaaffected by the incident;
(d)the extent of the disruption of the functioningof the service;

(e)the extent of theimpact on economicand societal activities.

The obligation to notify anincident shall only apply where the digital service providerhas access to
theinformation needed toassessthe impact of an incident against the parametersreferred toin the
first subparagraph.

5. Where an operator of essential services relies on a third-party digital service provider for the
provision of a service which is essential for the maintenance of critical societal and economic
activities, any significant impact on the continuity of the essential services due to an incident
affecting the digital service provider shall be notified by that operator.

6. Where appropriate, and in particular if the incident referred to in paragraph 3 concerns two or
more Member States, the competentauthority or the CSIRT shallinformthe other affected Member
States. In so doing, the competent authorities, CSIRTs and single points of contact shall, in
accordance with Union law, or national legislation that complies with Union law, preserve thedigital
service provider's security and commercial interests as well as the confidentiality of the information
provided.

7. After consulting the digital service provider concerned, the competent authority or the CSIRT
and, where appropriate, the authorities orthe CSIRTs of other Member States concerned may inform
the public about individual incidents or require the digital service provider to do so, where public
awareness is necessaryin orderto preventan incident orto deal with an ongoingincident, or where
disclosure of the incident is otherwise in the publicinterest.

Annexes

TYPES OF ENTITIES FOR THE PURPOSES OF POINT (4) OF ARTICLE 4:[...] 2. Transport[...] (d) Road
transport:
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- Road authorities as defined in point (12) of Article 2 of Commission Delegated
Regulation (EU) 2015/962 responsible for traffic management control

- Operators of Intelligent Transport Systems as defined in point (1) of Article 4
of Directive 2010/40/EU [...]

Directive 2005/29 concerning unfair business-to-consumer commercial practices in the
internal market (UCPD)

Article 6: Misleading actions

A commercial practice shall be regarded as misleading if it contains false information and is
therefore untruthful or in any way, including overall presentation, deceives or is likely to
deceive the average consumer, even if the information is factually correct, in relation to one or
more of the following elements, and in either case causes or is likely to cause him to take a
transactional decision that he would not have taken otherwise: [...]

(b) the main characteristics of the product, such as its availability, benefits, risks,
execution, composition, accessories, after-sale customer assistance and
complaint handling, method and date of manufacture or provision, delivery, fitness
for purpose, usage, quantity, specification, geographical or commercial origin or
the results to be expected from its use, or the results and material features of
tests or checks carried out on the product;

Article 7: Misleading omissions

A commercial practice shall be regarded as misleading if, in its factual context, taking account
of all its features and circumstances and the limitations of the communication medium, it omits
material information that the average consumer needs, according to the context, to take an
informed transactional decision and thereby causes oris likely to cause the average consumer
to take a transactional decision that he would not have taken otherwise.

Directive 2011/83 on consumer rights (CRD)
Article 3: Scope
Article 3, §3, (k): This Directive shall not apply to contracts: [...]

(k)for passenger transport services, with the exception of Article 8(2) and Articles 19, 21
and 22.

Article 5: Information requirements for contracts other than distance or off-premises
contracts

Before the consumer is bound by a contract other than a distance or an off-premises contract, or
any corresponding offer, the trader shall provide the consumer with the following information
in a clear and comprehensible manner, if that information is not already apparent from the
context:

(a)the main characteristics of the goods or services, to the extent appropriate to
the medium and to the goods or services; [...]
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(e)in addition to a reminder of the existence of the legal guarantee of
conformity for goods, digital content and digital services, the existence and the
conditions of after-sales servicesand commercial guarantees, where applicable[...]

(g)where applicable, the functionality, including applicable technical protection
measures, of goodswith digital elements, digital content anddigital services;

(h)where applicable, any relevant compatibility and interoperability of goods with
digital elements, digital content and digital services that the trader is aware of or
canreasonably be expected to have been aware of [...]

Article 6: Information requirements for distance and off-premises contract

the consumer is bound by a distance or off-premises contract, or any corresponding offer, the
trader shall provide the consumer with the following information in a clear and
comprehensible manner [...]

(k) where aright of withdrawalis not provided for in accordance with Article 16, the
information that the consumer will not benefit from a right of withdrawal or, where
applicable, the circumstances under which the consumer loses his right of
withdrawal;

(Da reminder of the existence of a legal guarantee of conformity for goods, digital
content anddigital services][...]

Directive 2019/770 on certain aspects concerning contracts for the supply of digital content
and digital services (Digital content and services Directive)

Article 2: Definitions
'digital content' means data which are produced and supplied in digital form;

'digital service' means:

(a)aservicethat allows the consumer to create, process, storeor access data
in digitalform; or

(b) a service that allows the sharing of or any other interaction with data in
digital form uploaded or created by the consumer or other users of that
service

'goods with digital elements' means any tangible movable items that incorporate, or
are inter-connected with, digital content or a digital service in such a way that the
absence of that digital content or digital service would prevent the goods from
performing their functions;

'functionality’ means the ability of the digital content or digital service to perform its
functions having regard to its purpose;

Article 3: Scope

This Directive shall not apply to digital content or digital services which are incorporated in or
inter-connected with goods within the meaning of point (3) of Article 2, and which are
provided with the goods under a sales contract concerning those goods, irrespective of
whether such digital content or digital service is supplied by the seller or by a third party. In
the event of doubt as to whether the supply of incorporated or inter-connected digital content or
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an incorporated or inter-connected digital service forms part of the sales contract, the digital
content or digital service shall be presumed to be covered by the sales contract.

Article 7: Subjective requirements for conformity
In order to conform with the contract, the digital content or digital service shall, in particular,
where applicable:

(a)be of the description, quantity and quality, and possess the functionality,
compatibility, interoperabilityand otherfeatures, as required by the contract;

(b) befit for any particular purpose for which the consumer requiresit and which the
consumer made known to the trader at the latest at the time of the conclusion of
the contract,and in respect of which the trader has given acceptance;

() be supplied with all accessories, instructions, including on installation, and
customer assistance as required by the contract; and

(d) be updated as stipulated by the contract.
Article 8: Objective requirements for conformity

1. In addition to complying with any subjective requirement for conformity, the digital
content or digital service shall:

(a)befit for the purposesfor which digital content or digital services of the same type
would normally be used, taking into account, where applicable, any existing Union
and nationallaw, technical standardsor, in the absence of such technical standards,
applicable sector-specificindustry codes of conduct;

(b)be of the quantity and possessthe qualities and performance features, including
in relation to functionality, compatibility, accessibility, continuity and security,
normal for digital content or digital services of the same type and which the
consumer may reasonably expect, given the nature of the digital content or digital
service and taking into account any public statement made by or on behalf of the
trader, or other persons in previous links of the chain of transactions, particularly in
advertising or on labelling unless the trader shows that:

()the trader was not, and could not reasonably have been, aware of the
public statementin question;

(i)by the time of conclusion of the contract, the public statement had been
corrected in the same way as, or in a way comparable to how, it had been
made; or

(iii)the decision to acquire the digital content or digital service could not
have been influenced by the public statement;

(c)where applicable, be supplied along with any accessories and instructions which
the consumer may reasonably expect to receive;and

(d)comply with any trial version or preview of the digital content or digital service,
made available by the trader before the conclusion of the contract.

2. The trader shall ensure that the consumer is informed of and supplied with updates,
including security updates, that are necessary to keep the digital content or digital service in
conformity, for the period of time:
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(a)during which the digital content or digital service is to be supplied under the
contract, where the contract providesfor a continuous supply over a period of time;
or

(b)that the consumer may reasonably expect, given the type and purpose of the
digital content or digital service and taking into account the circumstances and
nature of the contract, where the contract provides for a single act of supply or a
series ofindividualacts of supply.

3. Where the consumer fails to install, within a reasonable time, updates supplied by the
trader in accordance with paragraph 2, the trader shall not be liable for any lack of conformity
resulting solely from the lack of the relevant update, provided that:

(a)the trader informed the consumer about the availability of the update and the
consequences of the failure of the consumerto install it; and

(b)the failure of the consumerto install or the incorrect installation by the consumer
of the update was not due to shortcomings in the installation instructions provided
by the trader.

4. Wherethe contract provides for a continuous supply of digital content or digital service overa
period of time, the digital content or digital service shallbe in conformity throughoutthe duration
of that period.

Article 11: Liability of the trader

1. The trader shall be liable for any failure to supply the digital content or digital service in
accordance with Article 5.

2. Where a contract provides for a single act of supply or a series of individual acts of supply,
the trader shall be liable for any lack of conformity under Articles 7, 8 and 9 which exists at
the time of supply, without prejudice to point (b) of Article 8(2).

If, under nationallaw, the traderis only liable for a lack of conformity that becomes apparent within
a period of time after supply, that period shall not be less than two years from the time of
supply, without prejudice to point (b) of Article 8(2). [...].

3. Where the contract provides for continuous supply over a period of time, the trader shall
be liable for alack of conformity under Articles 7, 8 and 9, that occurs or becomes apparent
within the period of time during which the digital content or digital service is to be supplied
under the contract [...].

Directive 2019/771 on certain aspects concerning contracts for the sale of goods
Article 2: Definitions

'goods' means:[...]

(b) any tangible movable items that incorporate or are inter-connected with digital
content or a digital service in such a way that the absence of that digital content or
digital service would prevent the goods from performing their functions (‘goods
with digital elements');
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Article 3: Scope

This Directive shallnot apply to contractsfor the supply of digital contentor digital services. It shall,
however, apply to digital content or digital services which are incorporated in or inter-
connected with goods in the meaning of point (5)(b) of Article 2, and are provided with the
goods under the sales contract, irrespective of whether such digital content or digital service
is supplied by the seller or by a third party. In the event of doubt as to whether the supply of
incorporated or inter-connected digital content or an incorporated or inter-connected digital
service forms partofthe sales contract, thedigital content or digital service shall be presumed to be
covered by the sales contract.

Article 7: Objective requirements for conformity
1. Inaddition to complying with any subjective requirement for conformity, the goods shall:

(a) be fit for the purposes forwhich goods of the same type would normally be used,
taking into account, where applicable, any existing Union and national law, technical
standards or, in the absence of such technical standards, applicable sector-specific
industry codes of conduct;

(b) where applicable, be of the quality and correspond tothe description of a sample
or model that the seller made available to the consumer before the conclusion of
the contract;

(c)where applicable, be delivered along with such accessories, including packaging,
installation instructions or other instructions, as the consumer may reasonably

expect to receive;and

(d) be of the quantity and possess the qualities and other features, including in
relation to durability, functionality, compatibility and security normal for goods of
the same type and which the consumer may reasonably expect given the nature of
the goods and taking into account any public statementmadeby or onbehalf of the
seller, or other persons in previous links of the chain of transactions, including the
producer, particularly in advertising or on labelling.[...]

3. In the case of goods with digital elements, the seller shall ensure that the consumer is
informed of and supplied with updates, including security updates, that are necessary to keep
those goods in conformity, for the period of time:

(a)that the consumer may reasonably expect given the type and purpose of the
goods and the digital elements, and taking into account the circumstances and
nature of the contract, where the sales contract providesfor a single act of supply of
thedigital content or digital service; or

(b) indicated in Article 10(2) or (5), as applicable, where the sales contract provides
fora continuous supply of the digital contentor digital service overa period of time.

4. Where the consumer fails to install within a reasonable time updates supplied in
accordance with paragraph 3, the seller shall not be liable for any lack of conformity resulting
solely from the lack of the relevant update, provided that:

(a)the seller informed the consumer about the availability of the update and the
consequences of the failure of the consumerto install it; and
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(b)the failure of the consumerto install or the incorrect installation by the consumer
of the update was not due to shortcomings in the installation instructions provided
totheconsumer.

Article 10: Liability of the seller

1. Theseller shall be liable to the consumer for any lack of conformity which exists at the time
when the goods were delivered and which becomes apparent within two years of that time.
Without prejudice to Article 7(3), this paragraph shall also apply to goods with digital elements.

2. In the case of goods with digital elements, where the sales contract provides for a
continuous supply of the digital content or digital service over a period of time, the seller shall
also be liable for any lack of conformity of the digital content or digital service that occurs or
becomes apparent within two years of the time when the goods with digital elements were
delivered. Where the contract provides for a continuous supply for more than two years, the
seller shall be liable for any lack of conformity of the digital content or digital service that
occurs or becomes apparent within the period of time during which the digital content or
digital service is to be supplied under the sales contract.

Directive 2002/58 concerning the processing of personal data and the protection of privacy
in the electronic communications sector (e-privacy Directive)

Article 2: Definitions

"traffic data' means any data processed for the purpose of the conveyance of a
communication on an electronic communications network orfor the billing thereof;

'location data' means any data processed in an electronic communications network
or by an electroniccommunicationsservice, indicating the geographic position of the
terminal equipment of a user of a publicly available electronic communications
service;

'value added service' means any service which requires the processing of traffic data
or location data other than trafficdata beyond what is necessary for the transmission
ofa communication or the billing thereof;

Article 3: Services concerned

1. This Directive shall apply to the processing of personal data in connection with the provision
of publicly available electronic communications services in public communications networks
in the Community, including public communications networks supporting data collection and
identification devices

Article 5: Confidentiality of the communications

Member States shall ensure the confidentiality of communications and the related traffic data
by means of a public communications network and publicly available electronic
communications services, through national legislation. In particular, they shall prohibit listening,
tapping, storage or other kinds of interception or surveillance of communications and the related
trafficdata by persons other than users, without the consent of the users concerned, except when
legally authorised to do so in accordance with Article 15(1). This paragraph shall not prevent
technical storage which is necessary for the conveyance of a communication without prejudice to
the principle of confidentiality.
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3. Member States shall ensure that the storing of information, or the gaining of access to
information already stored, in the terminal equipment of a subscriber or user is only allowed
on condition that the subscriber or user concerned has given his or her consent, having been
provided with clear and comprehensive information, in accordance with Directive 95/46/EC,
inter alia, about the purposes of the processing. This shall not prevent any technical storage or
access for the sole purpose of carrying out the transmission of a communication over an
electronic communications network, or as strictly necessary in order for the provider of an
information society service explicitly requested by the subscriber or user to provide the
service.

Article 6: Trafficdata

For the purpose of marketing electronic communications services or for the provision of value-
added services, the provider of a publicly available electronic communications service may
process the data referred to in paragraph 1 to the extent and for the duration necessary for
such services or marketing, if the subscriber or user to whom the data relate has given his or
her prior consent. Users or subscribers shall be given the possibility to withdraw their consent
for the processing of trafficdata atany time.

Article 9: Location data other than traffic data

1. Where location data other than traffic data, relating to users or subscribers of public
communications networks or publicly available electronic communications services, can be
processed, such data may only be processed when they are made anonymous, or with the
consent of the users or subscribers to the extent and for the duration necessary for the
provision of a value-added service. The service provider must inform the users or subscribers,
prior to obtaining their consent, of the type of location data other than traffic data which will
be processed, of the purposes and duration of the processing and whether the data will be
transmitted to a third party for the purpose of providing the value-added service. Users or
subscribers shall be given the possibility to withdraw their consent for the processing of location
data other than trafficdataatany time.

2. Where consent of the users or subscribers has been obtained for the processing of location data
other than traffic data, the user or subscriber must continue to have the possibility, using a
simple means and free of charge, of temporarily refusing the processing of such data for each
connection to the network or for each transmission of a communication.

Regulation 2016/679 on the protection of natural persons with regard to the processing of
personal data and on the free movement of such data (GDPR)

Article 2: Scope

1. This Regulation applies to the processing of personal data wholly or partly by automated
means and to the processing otherthan b

y automated means of personal data which form partof a filing system or areintended toform part
ofa filing system.2. This Regulation does not apply to the processing of personal data: [...]

(c)by a natural personin the course of a purely personal or household activity;
Article 4: Definitions

'personal data' means any information relating to an identified or identifiable
natural person (‘data subject'); an identifiable natural person is one who can be
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identified, directly or indirectly, in particular by reference to an identifier such as a
name, an identification number, location data, anonline identifier or toone or more
factors specificto the physical, physiological, genetic, mental, economic, cultural or
social identity of that natural person;

'processing' means any operation or set of operations which is performed on
personaldata or onsets of personal data, whether or notby automated means, such
as|[...]

'profiling' means any form of automated processing of personal data consisting of

the use of personal data to evaluate certain personal aspects relating to a natural
person, in particular to analyse or predict aspects concerning that natural person's
performance at work, economic situation, health, personal preferences, interests,
reliability, behaviour, locationor movements;

'controller' means the natural or legal person, public authority, agency or other
body which, alone or jointly with others, determinesthe purposes and means of the
processing of personal data; where the purposes and meansof such processingare
determined by Union or Member State law, the controller or the specific criteria for
its nomination may be providedfor by Union or Member State law;

'biometric data' means personal data resulting from specific technical processing
relating to the physical, physiological or behavioural characteristics of a natural
person, which allow or confirm the unique identification of that natural person,
such as facial images or dactyloscopic data;

Article 5: Principles relating to processing of personal data
1. Personaldatashallbe:

(a)processed lawfully, fairly and in a transparent manner in relation to the data
subject ('lawfulness, fairness and transparency');

(b)collected for specified, explicit and legitimate purposes and not further
processed in a mannerthatis incompatible with those purposes; further processing
for archiving purposes in the public interest, scientific or historical research
purposes or statistical purposes shall, in accordance with Article 89(1), not be
considered to be incompatible with the initial purposes (‘purpose limitation');

(c)adequate, relevantand limited to what is necessary in relation to the purposes
for which they are processed('data minimisation');

(d)accurate and, where necessary, kept up to date; every reasonable step must be
taken to ensure that personal data that are inaccurate, having regard to the
purposes for which they are processed, are erased or rectified without delay
(‘accuracy');

(e)keptin a form which permits identification of data subjects for no longer thanis
necessary forthe purposesfor which the personal data areprocessed; personal data
may be stored for longer periods insofar as the personal data will be processed
solely for archiving purposes in the public interest, scientific or historical research
purposes or statistical purposes in accordance with Article 89(1) subject to
implementation of the appropriate technical and organisational measures required
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by this Regulation in orderto safeguardthe rights andfreedoms of thedata subject
(‘'storage limitation');

(flprocessed in a manner that ensures appropriate security of the personal data,
including protection against unauthorised or unlawful processing and against
accidental loss, destruction or damage, using appropriate technical or
organisational measures ('integrity and confidentiality').

2. Thecontroller shallbe responsible for,and be able to demonstrate compliance with, paragraph
1 (‘accountability').

Article 6: Lawfulness of processing
Processing shall be lawful only if and to the extent that at least one of the following applies:

(a)the data subject has given consent to the processing of his or her personal data
for one or more specific purposes;

(b)processing is necessary for the performance of a contract to which the data
subject is party or in order to take steps at the request of the data subject prior to
enteringinto a contract;

(c)processing is necessary for compliance with a legal obligation to which the
controller is subject;

(d)processing is necessary in order to protect the vitalinterests of the data subject
orofanother natural person;

(e)processing is necessary for the performance of a task carried out in the public
interest orin the exercise of official authority vested in the controller;

(f)processing is necessary for the purposes of the legitimate interests pursued by
the controller or by a third party, except where such interestsare overridden by the
interests or fundamental rights and freedoms of the data subject which require
protection of personal data, in particularwhere the data subject is a child.

Point (f) of the first subparagraph shallnotapply to processing carried out by public authorities in
the performance of their tasks.

Article 9: Processing of special categories of personal data

1. Processing of personal data revealing racial or ethnic origin, political opinions, religious
or philosophical beliefs, or trade union membership, and the processing of genetic data,
biometric data for the purpose of uniquely identifying a natural person, data concerning
health or data concerning a natural person's sex life or sexual orientation shall be prohibited.

2. Paragraph 1shallnotapply if one of the following applies:[...]
Article 10: Processing of personal data relating to criminal convictions and offences

Processing of personal data relating to criminal convictions and offences or related security
measures based on Article 6(1) shall be carried out only under the control of official authority
orwhen the processing is authorised by Union or Member State law providing for appropriate
safeguards for the rights and freedoms of data subjects. Any comprehensive register of criminal
convictions shallbe kept only under the control of official authority.
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Article 20: Right to data portability

1. The data subject shall have the right to receive the personal data concerning him or her,
which he or she has provided to a controller, in a structured, commonly used and machine-
readable format and have the right to transmit those data to another controller without
hindrance from the controller to which the personal data have been provided, where:

(a)the processingis based on consent pursuantto point(a) of Article 6(1) or point (a)
of Article 9(2) or on a contract pursuantto point (b) of Article 6(1);and

(b)the processing is carried out by automated means.

2. In exercising his or her right to data portability pursuant to paragraph 1, the data subject shall
have theright to have the personal data transmitted directly from one controller to another,
where technically feasible.

Article 22: Automated individual decision-making, including profiling

1. The data subject shall have the right not to be subject to a decision based solely on
automated processing, including profiling, which produces legal effects concerning him or
her or similarly significantly affects him or her.

2. Paragraph 1shall not apply if the decision:

(a) is necessary for entering into, or performance of, a contract between the data
subject and a data controller;

(b) is authorised by Union or Member State law to which the controller is subject
and which also lays down suitable measures to safeguard the data subject's rights
and freedoms and legitimate interests; or

(c) is based on the data subject's explicit consent.

3. Inthe casesreferredtoin points (a) and (c) of paragraph 2, the data controller shallimplement
suitable measures to safeguard the data subject's rights and freedoms and legitimate
interests, at least the right to obtain human intervention on the part of the controller, to
express his or her point of view and to contest the decision.

4. Decisions referred to in paragraph 2 shall not be based on special categories of personal data
referred to in Article 9(1), unless point (a) or (g) of Article 9(2) applies and suitable measures to
safeguard the data subject'srightsand freedoms and legitimate interests are in place.

Article 25: Data protection by design and by default

1. Taking into account the state of the art, the cost of implementation and the nature, scope,
contextand purposes of processing as well as therisks of varying likelihood and severity for rights
and freedoms of natural persons posed by theprocessing, the controller shall, both at the time of
the determination of the means for processing and at the time of the processing itself,
implement appropriate technical and organisational measures, such as pseudonymisation,
which are designed to implement data-protection principles, such as data minimisation, inan
effective manner and to integrate the necessary safeguards into the processing in order to
meet the requirements of this Regulation and protect the rights of data subjects.

2. Thecontroller shallimplement appropriate technical and organisational measures for ensuring
that, by default, only personal data which are necessary for each specific purpose of the
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processing are processed. That obligation applies to the amount of personal data collected,
the extent of their processing, the period of their storage and their accessibility. In particular,
such measures shall ensure that by default personal data are not made accessible without the
individual's intervention to an indefinite number of natural persons.

Article 32: Security of processing

1. Taking into account the state of the art, the costs of implementation and the nature, scope,
context and purposes of processing as well as the risk of varying likelihood and severity for the rights
and freedoms of natural persons, the controller and the processor shall implement appropriate
technical and organisational measures to ensure a level of security appropriate to the risk,
including inter alia as appropriate:

(a) the pseudonymisationand encryption of personal data

(b) the ability to ensure the ongoing confidentiality, integrity, availability and
resilience of processing systemsand services;

(c) the ability to restore the availability and access to personal datain a timely
manner in the event of a physical or technicalincident;

(d) a process for regularly testing, assessing and evaluating the effectiveness of
technicaland organisational measures for ensuringthe security of the processing.

2. Inassessing the appropriate level of security accountshall be taken in particularof the risks that
are presented by processing, in particular from accidental or unlawful destruction, loss, alteration,
unauthorised disclosure of, or access to personal data transmitted, stored or otherwise processed.

Article 35: Data protection impact assessment

1. Where a type of processing in particular using new technologies, and taking into account
the nature, scope, context and purposes of the processing, is likely to result in a high risk to
the rights and freedoms of natural persons, the controller shall, prior to the processing, carry
out an assessment of the impact of the envisaged processing operations on the protection of
personal data. A single assessmentmayaddressa set of similar processing operations that present
similar high risks.

3. Adataprotectionimpact assessmentreferredto in paragraph 1shall in particular be required
in the case of:

(a) a systematic and extensive evaluation of personal aspects relating to natural
persons which is based on automated processing, including profiling, and on which
decisions are based that produce legal effects concerning the natural person or
similarly significantly affect the natural person;[...]

Regulation 2018/1807 on aframework for the free flow of non-personal data in the
European Union (Free flow of non-personal data Regulation)

Article 6: Porting of data

1. The Commission shall encourage and facilitate the development of self-regulatory codes of
conduct at Union level (‘codes of conduct'’), in order to contribute to a competitive data
economy, based on the principles of transparency and interoperability and taking due
account of open standards, covering, inter alia, the following aspects:
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(a)best practices for facilitating the switching of service providers and the
porting of data in a structured, commonly used and machine-readable format
including open standard formats where required or requested by the service
provider receiving the data;

(b)minimum information requirements to ensure that professional users are
provided, before a contract for data processing is concluded, with sufficiently
detailed, clear and transparent information regarding the processes, technical
requirements, timeframesand chargesthatapply in case a professional user wants
to switch to another service provider or portdata back to its own IT systems;

(c)approaches to certification schemes that facilitate the comparison of data
processing products and services for professional users, taking into account
established national or international norms, to facilitate the comparability of those
products and services. Such approaches may include, inter alia, quality
management, information security management, business continuity management
and environmental management;

(d)communication roadmaps taking a multi-disciplinary approach to raise
awareness of the codes of conduct among relevant stakeholders.

2. The Commission shall ensure that the codes of conduct are developedin close cooperation with
all relevant stakeholders, including associations of SMEs and start-ups, users and cloud service
providers.

Directive 2019/1024 on open data and the re-use of public sector information (Open data
Directive)

Article 1: Subject matter and scope

In order to promote the use of open data and stimulate innovation in products and services,
this Directive establishes a set of minimum rules governing the re-use and the practical
arrangements for facilitating the re-use of:

(a)existing documents held by public sector bodies of the Member States;
(b) existing documentsheld by publicundertakings that are:[...]

(ii) acting as public service operators pursuant to Article 2 of Regulation (ECQ)
No 1370/2007;

Article 2: Definitions

'dynamic data' means documents in a digital form,subject to frequentor real-time
updates, in particular because of their volatility or rapid obsolescence; data
generated by sensorsare typically considered to be dynamic data;

'high-value datasets' means documents the re-use of which is associated with
important benefits for society, the environment and the economy, in particular
because of their suitability for the creation of value-addedservices, applications and
new, high-quality and decent jobs, and of the number of potential beneficiaries of
thevalue-added services and applications based on those datasets;
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Article 5: Available formats

8. The high-value datasets, as listed in accordance with Article 14(1) shall be made available for
re-use in machine-readable format, via suitable APIs and, where relevant, as a bulk download.

Article 6: Principles governing charging
6.There-use of the following shall be free of charge for the user:

(@) subject to Article 14(3), (4) and (5), the high-value datasets, as listed in
accordance with paragraph 1 of that Article

Article 9: Practical arrangements:

Member States shall make practical arrangements facilitating the search for documents
available forre-use, such as asset lists of main documents with relevant metadata, accessible
where possible and appropriate online and in machine-readable format, and portal sites that
are linked to the asset lists. Where possible, Member States shall facilitate the cross-linguistic
search fordocuments, in particular by enablingmetadataaggregation at Union level.

Member States shallalsoencourage public sectorbodiesto make practical arrangements facilitating
the preservationof documents available for re-use.

Article 14: Specifichigh-value datasets and arrangements for publication and re-use

1. The Commission shalladopt implementing actslaying down a list of specific high-value datasets
belonging to the categories set out in Annex | and held by public sector bodies and public
undertakingsamong the documents to which this Directive applies.

Such specific high-value datasets shall be:
(a)available free of charge, subject to paragraphs 3,4and5;
(b)machinereadable;
(c)provided via APIs; and
(d)provided as a bulk download, where relevant.

Those implementingacts may specify the arrangements forthe publicationand re-use of high-value
datasets. Such arrangementsshall be compatible with open standard licences.

The arrangements may include terms applicable to re-use, formats of data and metadata and
technical arrangements for dissemination. Investments made by the Member States in open data
approaches, such as investments into the development and roll-out of certain standards, shall be
taken into account and balanced againstthe potential benefits frominclusion in the list.

Thoseimplementing acts shallbe adopted in accordance with the examination procedure referred
toin Article 16(2).

2. The identification of specific high-value datasets pursuant to paragraph 1 shall be based
on the assessment of their potential to:

(a)generate significant socioeconomic or environmental benefits and innovative
services;

(b)benefit a high number of users, in particular SMEs;
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(c)assistin generating revenues; and
(d)be combined with other datasets.

For the purpose of identifying such specific high-value datasets, the Commission shall carry out
appropriate consultations, including at expert level, conduct an impact assessment and ensure
complementarity with existing legal acts, such as Directive 2010/40/EU, with respect to the re-use
of documents. That impact assessment shall include a cost-benefit analysis and an analysis of
whether providing high-value datasets free of charge by public sector bodies that are required to
generate revenue tocovera substantial partof their costs relating tothe performance of their public
tasks would lead to a substantial impact on the budget of such bodies. With regard to high-value
datasets held by publicundertakings, theimpactassessmentshall give special considerationto the
role of publicundertakingsin a competitive economic environment.

3. By way of derogation from point (a) of the second subparagraph of paragraph 1, the
implementing acts referred to in paragraph 1 shall provide that the availability of high-value
datasets free of charge is not to apply to specific high-value datasets held by public undertakings
where that would lead to a distortion of competitionin the relevant markets.

4. Therequirement to make high-value datasets available free of charge pursuantto point (a) of
the second subparagraph of paragraph 1 shall not apply to libraries, including university libraries,
museums and archives.

5. Where making high-value datasets available free of charge by public sector bodies that are
required to generate revenue to cover a substantial part of their costs relating to the performance
of their public tasks would lead to a substantial impact on the budget of the bodies involved,
Member States may exempt those bodies from the requirement to make those high-value datasets
available free of charge for a period of no more than two years following the entryinto force of the
relevantimplementing act adopted in accordance with paragraph 1.

AnnexI:
List of thematic categories of high-value datasets, as referred to in Article 13(1):
[...]16. Mobility

Directive 2000/31 on certain legal aspects of information society services, in particular
electronic commerce, in the Internal Market (e-commerce Directive)

Article 14: Hosting

1.Where an information society service is provided that consists of the storage of information
provided by a recipient of the service, Member States shall ensure that the service provider is not
liable forthe information stored at the request of a recipient of the service, on condition that:

(a) the provider does not have actual knowledge of illegal activity or information and,
as regards claims for damages, is not aware of facts or circumstances from which the
illegal activity or informationis apparent; or

(b) the provider, upon obtaining such knowledge or awareness, acts expeditiously to
remove or to disable access to the information.

or the control of the provider.

3. This Article shall not affect the possibility for a court or administrative authority, in
accordance with Member States' legal systems, of requiring the service provider to terminate
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or prevent an infringement, nor does it affect the possibility for Member States of establishing
procedures governing the removal or disabling of access to information.

Article 15: No general obligation to monitor

1. Member States shall not impose a general obligation on providers, when providing the
services covered by Articles 12, 13 and 14, to monitor the information which they transmit or
store, nor a general obligation actively to seek facts or circumstances indicating illegal
activity.

2.Member States may establish obligations forinformation society service providers promptly
to inform the competent public authorities of alleged illegal activities undertaken or
information provided by recipients of their service or obligations to communicate to the
competent authorities, at their request, information enabling the identification of recipients
of their service with whom they have storage agreements.

Regulation 2019/1150 on promoting fairness and transparency for business users of online
intermediation services (P2B Regulation)

Article 2: Definitions

'online intermediation services' means services which meet all of the following
requirements:

(a) they constitute information society services within the meaning of point (b) of
Article 1(1) of Directive (EU) 2015/1535 of the European Parliament and of the
Council (12);

(b) they allow business users to offer goods or services to consumers, with a view to
facilitating the initiating of direct transactions between those business users and
consumers, irrespective of where those transactionsare ultimately concluded;

(c) they are provided to business users on the basis of contractual relationships
between the provider of those services and business users which offer goods or
servicesto consumers;

Article 3: Terms and conditions

The notice period set out in the second subparagraph of paragraph 2 shall not apply where a
provider of onlineintermediation services:|[...]

(b) has exceptionally to change its terms and conditions to address an
unforeseen and imminent danger related to defending the online
intermediation services, consumers or business users from fraud, malware,
spam, data breaches or other cybersecurity risks.

Article 9: Access to data

1. Providers of online intermediation services shall include in their terms and conditions a
description of the technical and contractual access, or absence thereof, of business users to
any personal data or other data, or both, which business users or consumers provide for the
use of the online intermediation services concerned or which are generated through the
provision of those services.
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2. Throughthedescription referred to in paragraph 1, providers of online intermediation services
shalladequately inform businessusers in particularof the following:

(a)whether the provider of online intermediation services has access to
personal data orotherdata, or both, which businessusers orconsumers provide for
the use of those services or which are generated through the provision of those
services, and if so, to which categories of such data and under what conditions;

(b)whether a business user has access to personal data or other data, or both,
provided by thatbusinessuserin connectionto the businessuser's use of theonline
intermediation services concerned or generated through the provision of those
services to that business user and the consumers of the business user's goods or
services, and if so, to which categories of such data and under what conditions;

(c) in addition to point (b), whether a business user has access to personal data
orother data, or both, including in aggregated form, provided by or generated
through the provision of the online intermediation services to all of the
business users and consumers thereof, and if so, to which categories of such
data and under what conditions; and

(d) whether any data under point (a) is provided to third parties, along with,
where the provision of such data to third parties is not necessary for the
proper functioning of the online intermediation services, information
specifying the purpose of such data sharing, as well as possibilities for
business users to opt out from that data sharing.

3. This Article shall be without prejudice to the application of Regulation (EU) 2016/679, Directive
(EU) 2016/680 and Directive 2002/58/EC.

Directive 96/9 on the legal protection of databases (Database Directive)
Article 1: Scope

2. 'database' shall mean a collection of independent works, data or other materials arranged
in a systematic or methodical way and individually accessible by electronic or other means.

Article 7: Object of protection

1. Member States shall provide for a right for the maker of a database which shows that there
has been qualitatively and/or quantitatively a substantial investment in either the obtaining,
verification or presentation of the contents to prevent extraction and/or re-utilisation of the
whole or of a substantial part, evaluated qualitatively and/or quantitatively, of the contents
of that database.

2. Forthepurposesofthis Chapter:

(a)'extraction' shall mean the permanent or temporary transfer of all or a
substantial part of the contents of a database to anothermedium by any means or
in any form;

(b)'re-utilisation' shall mean any form of making available to the public all or a
substantial part of the contents of a database by the distribution of copies, by
renting, by on-line or other forms of transmission. The first sale of a copy of a
database within the Community by the rightholder or with his consentshall exhaust
therightto controlresale of that copy within the Community;
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5. Therepeated andsystematic extraction and/or re-utilisation of insubstantial parts of thecontents
of the database implying acts which conflict with a normal exploitation of that database or which
unreasonably prejudice the legitimate interests of the maker of the database shall not be permitted.

Directive 2001/29 on the harmonisation of certain aspects of copyright and related rights in
the information society (InfosocDirective)

Article 2: Reproduction right
Member States shall provide for the exclusive right to authorise or prohibit direct or indirect,
temporary or permanent reproduction by any means and inany form, inwholeor in part:

(a) forauthors, of their works[...].

Article 3: Right of communication to the public of works and right of making available to the
public other subject-matter

Member States shall provide authors with the exclusive right to authorise or prohibit any
communication to the public of their works, by wire or wireless means, including the making
available to the public of their works in such a way that members of the public may access
them from a place and at a time individually chosen by them.

Directive 2009/24 on the legal protection of computer programs (Computer programs
Directive)

Article 1: Object of protection

2. Protection in accordance with this Directive shall apply to the expression in any form of a
computer program. Ideas and principles which underlie any element of a computer program,
including those which underlieits interfaces, are not protectedby copyrightunderthis Directive.

3. A computer program shall be protected if it is original in the sense that it is the author's
own intellectual creation. No other criteria shall be applied to determine its eligibility for
protection.

Article 4: Restricted acts
1. Subject to the provisions of Articles 5 and 6, the exclusive rights of the rightholder within the
meaning of Article 2 shall include the right to do or to authorise:

(a)the permanentor temporary reproduction of a computer program by any means
and in any form, in part or in whole; in so far as loading, displaying, running,
transmission or storage of the computer program necessitate such reproduction,
such acts shall be subject to authorisation by the rightholder;

(b)the translation, adaptation, arrangementand any other alteration of a computer
program and the reproduction of the results thereof, without prejudice to the rights
of the person who alters the program;

(c)any form of distribution to the public, including the rental, of the original
computer program or of copies thereof.

Article 5: Exceptions to the restricted acts

3. The person having a right to use a copy of a computer program shall be entitled, without
the authorisation of the rightholder, to observe, study or test the functioning of the program
in order to determine the ideas and principles which underlie any element of the program if
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he does so while performing any of the acts of loading, displaying, running, transmitting or storing
the program which heis entitled to do.

Directive 2019/790 on copyright and related rights in the Digital Single Market (DSM
Directive)

Article 2: Definitions

'text and data mining' mean any automated analytical technique aimed at analysing text and data
in digitalformin order to generate information which includes but is not limited to patterns, trends
and correlations;

Article 4: Exception or limitation for text and data mining

1. Member States shall provide for an exception or limitation to the rights provided forin Article
5(a) and Article 7(1) of Directive 96/9/EC, Article 2 of Directive 2001/29/EC, Article4(1)(a) and
(b) of Directive 2009/24/ECand Article 15(1) of this Directive for reproductions and extractions
of lawfully accessible works and other subject matter for the purposes of text and data
mining.

2. Reproductions and extractions made pursuant to paragraph 1 may beretained foraslongasis
necessary for the purposes of text and data mining.

3. Theexception or limitation provided forin paragraph 1 shall apply on condition that the use
of works and other subject matter referred to in that paragraph has not been expressly
reserved by their rightholders in an appropriate manner, such as machine-readable means in
the case of content made publicly available online
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Annex Il Macroeconomic modelling

This annex provides an overview of the structure of the quantitative model employed for the
quantification of cost of Non-Europe. The impact of various scenarios is estimated using a
computable general equilibrium model (CGE). The model was enhanced with dynamic equations
that allow the computation of the impact of a setof shocks over a specified timehorizon. The model
structure features an open economy with a sectoral breakdown that is tailored to the specific
analytical requirements at hand. The model also includes a government sector. It is calibrated on
recent data for the EU economy.

The theoretical structure of the model follows the one described in EC(2016).**" It is assumed that
the economy is divided in sectors, each producinga specific product.*”? We present the main model
components below. In order to use suggestive notation, whenever possible we use the subscript i
to refer to products, the subscript j to refer to sectors and t denotes time. Time in the model is
discreteand thetime stepisassumedtobeoneyear.

Household

The householdin the model consumes a bundle of the products in the economy and supplies two
types of labour (skilled and unskilled). It is described by the following per-period utility function:

T 1 rZa

P+ H
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Here C;; is the consumption ofa product i in period t, N;; is unskilled labour supplied in a sector j,
Hj,is skilled labour supplied in a sector j and S; is household savings.

The household faces the following budget constraint:

where P;; is the price of product i, including indirect taxes, td is the (implicit) direct tax rate on
income, and PN;, and PH}; arerespectively the prices of unskilled and skilled labour in a sector j. It
is assumed that the return on private capital KPR, in sector j is transferred to the household
through the rental rate PKPR;,. Additionally, the household receives interest ror on its assetsA,

and transfers from the governmenttr.

The household's problem is to maximise utility U, with respect to C;,, Nj;, Hj and S, subject to the
above budget constraint.

Representative firm in sector

The representative firm in a sector j strives to maximise profit by employing skilled and unskilled
labour, as wellas renting publicand private capital. Its profit function is

421 WIK-Consult, Ecorys and VWA Consulting (2016). Support for the preparation of the impact assessment accompanying
the review of the requlatory framework for e-communications. European Commission.

422 Sometimes sectorsare referred to as ‘activities’, while products are referred to as‘commodities’, following established
terminologyin the CGE literature.

172


http://publications.europa.eu/resource/cellar/2984b37b-9aa6-11e6-868c-01aa75ed71a1.0001.01/DOC_1
http://publications.europa.eu/resource/cellar/2984b37b-9aa6-11e6-868c-01aa75ed71a1.0001.01/DOC_1

Cost of Non-Europe report on artificial intelligence in road transport - Annex

where PV A;; is the price of value added, VA, is the real value added produced and PKPUj; is the

rentalrate of public capital KPUj; in sector j.

The production technologyavailable to thefirm is a two-level one. First, skilled and unskilled labour
are combined through a constant elasticity of substitution (CES) aggregator to produce the overall
labourinput Lj.:

1
L INTT
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Similarly, public and private capital stocks are combined though a CES-type aggregator to obtain
the total capitalinput K, for the sector:

T
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Second, value added is produced by means of a production function thatin turn combines L;; and
K;.. The specific form of the production functionis given by

T
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The variable [;74 is total factor productivity for sector j. Its evolution over time is described in the
following sections.

Foreign trade aggregators

The supply Q;; of a product i on the domestic market is formed by combining imports of the
product, denoted QM;,, and quantities Q D;; produced locally for the domestic market (Armington
assumption). Formally, the composite product aggregatoris given by

T
|Qit = e, (BiOM, "+ (1 - QD) &

The inputs to the above aggregator are determined through a cost minimisation problem that
produces the optimal mix between domestically produced and imported products:

1
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Here pm,; is the price of imports of commodity i and PD;,is the domestic price.

The domestically produced quantities of product i, denoted Q P;;, are either exported or supplied
locally. The allocation constraint betweenthe domesticand export markets is

1
QPi = fi(nQE} + (1 —n)QDE i
where QE;, is the quantity for the export market.

The optimalallocation between domesticand exported productsis again obtainedthrough solving
anappropriate cost minimisation problem, which resultsin the relationship
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with pe;, denoting the export price of product .

Government

The government in the model collects revenues R, from direct taxes, indirect taxes (at the implicit
rate of t; per product i), thereturn on public capitaland the return on net government assets AG;:

n n
j=1 =1
n
j=1

Government expenditures G; are allocated between three spending categories: purchases of
product i, transfers to households and capital expenditures KE;. Formally, government
expenditures are given by the equation

G, = P, cgi; + try + KE;,

n
i=1

where cg;: denotes the volume of purchases of product i.

The budget balance BB; is given by
BBt = Rt - Gt'

The budget balanceis accrued to net government assets AG; to ensure intertemporal consistency,
as explainedin the section on modeldynamics.

Model closure and equilibrium

Foreign savings in the model are defined fromthe standpoint of the external sector. Thus, revenues
for the external sector comprise the domestic economy imports and interest on the net foreign
assets AF, (again vis-a-vis the domestic economy). Expenditures are computed as the sum of
nominaldomesticexports by product. Foreignsavings FS; are given by the equation

n n
Se= ) pmuQMy +ror- AR, = ) peicQEs
i=1 i=1

We also impose the typical requirement that the total supply of each product is equal to its uses.
This is implemented by means of the supply-use balancing equation

n
Qir = Z I'Cijt+ Cie + cgie +IDie + Qi + QT
j=1

where IC;j, is intermediate consumption of product i by sector j, ID;, is investments demand and
QT;is use of producti to cover tradeand transport margins.
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It is assumed that savings and investment are balanced at the sectoral level, with nominal
investment for sector taken as part of total saving, using the share of sectoral capital in the total
capital stock as the proportionality coefficient. The savings-investment balancing equation takes
theform

K;

J
m K

j=12jt

n

=1

where I1;; denotes sectoral investment in real terms, Z;, is the change in inventories of producti
andthevariable DUMMY, plays a technicalrole and should be zero in equilibrium.

n
plevel, = E w; Py
i=1

Dynamics

Agents in the model optimise intratemporally. However, the model contains a set of dynamic
equations that ensure consistent evolution of variables over the specified time horizon. These
include stock-flow relationshipsand the dynamics of total factor productivity.

Public capital by sector is taken to evolve over time according to a standard capital accumulation
equation:

\KKPUJ,-H;[ =(1- 6)KKPth + 1P Uy

Here stands for theannual depreciationrateand is publicinvestment in sector.

Private capital follows the same type of law of motion:

\KKPRJ- e+1 = (1 — 6)KKPR;, + IPR;,

with IP R;.denoting private investmentin the sector j.

The changein private sector assetsreflects savings. The accounting identityis
A1 = A+ St
Similar accounting identities hold true for foreign assetsand governmentassets:
AF,,, = AF, + FS,,
AG;,q = AG; + BB,.

Finally, totalfactor productivity changes in the basis of an exogenously specified growth rate},

VA VA
ijt+1 =(1+ yf)crjt
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Model calibration

Most of the model coefficients arecalibrated using public data from Eurostat, with a limited number
of coefficients calibrated on theoretical groundswith values taken fromthe relevantliterature. The
bulk of the calibration is implemented by constructing a social accounting matrix (SAM) that
measures the flows between the different institutional sectors of the economy for a selected base
year. Additional data-based calibrations outside the SAM framework were carried outagain using
Eurostat data.

In order to ensure reproducibility of the computations and facilitate future updates of the model,
the calibration process was implemented through a system of R language scripts.*”® These scripts
sequentially carry outthefollowing steps:

e Automaticretrieval of the necessarydata tablesfrom the Eurostat website;

e Sectoralaggregation according to a predefined grouping and temporal aggregation
fora selected set of years;

e Aggregation of country-level datato the EU level or to another predefined regional
grouping;

¢ SAMbalancing and coefficient computation.

Specifically, the following tables are downloaded from the Eurostat database for use in the
calibration exercise:

® naio_10_cp15;

naio_10_cpl6;
® gov_10a_main;
® gov_10a_exp;
® 1fsa eisn2;

earn_ses14_49.4%%

The modelled sectors are based on the NACE codes provided in Table 32.

Table 32: Modelled sectors and their corresponding NACE Rev. 2 code

Modelled sector NAC.E e NACERev. 2 Title
section

Agriculture A Agriculture, forestry and fishing
Construction F Construction
Finance andinsurance K Financial and insurance activities

Mining and quarrying; Electricity, gas, steam and air
Industry B,D,E conditioning supply; Water supply; sewerage, waste
management and remediation activities

Land transport H49 Land transport and transport via pipelines
e e () C10-28, Manufacturing other than Manufacture of motor
9 C30-33 vehicles, trailers and semi-trailers

423 The R Project for Statistical Computing (n.d.). Official website.

424 The following data was downloaded: Supply table at basic pricesincl. transformation intopurchasers’ prices, Use table
at purchasers’ prices, Gorvement revenue, expenditure and main aggregates, Central government expenditure by
function, Employment by occupation and economic activity, Mean annual earnings by sex, economic activity and
occupation respectively. The tables were last accessed in June 2020.
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Transport (other) H50-53 Transportation and storage other than Land transport
and transport via pipelines

Manufacturing of vehicles C29 Manufacture of motor vehicles, trailers and semi-
trailers

Other services Gl J,L-U Wholesale and retail trade; repair of motor vehicles and

motorcycles; Accommodation and food service
activities; Information and communication; Real estate
activities; Professional, scientific and technical
activities; Administrative and support service activities;
Public administration and defence; compulsory social
security; Education; Human health and social work
activities; Arts, entertainment and recreation; Other
service activities; Activities of households as employers;
undifferentiated goods- and services-producing
activities of households for own use; Activities of
extraterritorial organisations and bodies
Source: Eurostat (2008)4%.

The inputs required for the model calibration have been constructed for an approximation of the
EU economy. This is done by aggregating dataon 24 EU countries (Croatia, Estonia and Sweden are
excluded dueto data constraints, and the UK is not considered). As themodel exploits the structure
ofthe data rather than the absolute numbers, thislevel of coverage is considered satisfactory.

The calibration year is taken to be 2016, which is deemed to be an acceptable compromise between
recency and coverage. Notably, while a single year was used in this case to give prominence to the
most recent period of acceptable coverage, the system in principle allows for the use of average
values over several years.

The SAM, as directly constructed from the statistical data sources, is unsuitable for CGE modelling,
since the presence of statistical discrepancies will violate accounting identities in the model. It is
therefore necessary to distribute these discrepancies so that the SAM is balanced (row sums are
equal to column sums). There exist different balancing procedures and for this modelling exerdse
the procedure recommended by Hosoe et al, Ch. 4, is used.*® This procedure is readily
implementable by optimisation software and helps ensure consistency in the balancing approach
across datasets and calibration updates. More specifically, the procedure for balancing the SAM

involves the following problem:
2
0
. Xt — Xpg
min —
Xkl A 7 xkl

subjectto

250 = ) v

l l

425 Statistical Classification of Economic Activities in the European Community, Rev. 2 (2008) (NACE Rev. 2) Eurostat,

Methodologies and Working papers.

426 Hosoe, N, Gasawa, K. and Hashimoto, H. (2010). Textbook of Computable General Equilibrium Modelling:

Programming and Simulations. Palgrave Macmillan.
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where x;; denotes the entryin the k-th rowand I-th column of the adjusted matrix, while x?, is the
corresponding entry in the unadjusted SAM, taken as a parameter. The procedure is applied to the
non-zero entries of the original SAM.

Attheend of the calibrationprocedures, a balanced SAM andan additional set of model parameters
are available to be provided as input for the main model code.

Baseline calibration

Policy Option 1 (baseline) is specifically calibrated for the purposes of this study. The baseline refers
to keeping the status quo, where the term'status quo'should be understoodin a dynamicsense. It
includes the key policy measures thathave been approved forimplementationover the simulation
horizon, regardless of whether they are already in force or will become effective at a future date.
Thisimplies that the changes due to the Policy Option 1 reflect the changes induced by the known
policy measures, depending on when they become effective and how their implementation
propagates through the economy.

Since incorporating the various pieces of legislation into the baseline on a case-by-case basis
requires the development of a large number of sub-scenarios, which is impractical, our baseline
takes the existing policies on board in an integrated fashion. To calibrate the baseline for the
simulations in this report, we adapted the baseline calibration of a version of the CGE model that
uses a similar sectoral breakdown. The source modelis calibrated on the basis of a comprehensive
set of responses to a Delphi method exercise that covers the main sectors of the EU economy. The
guestions fromthe Delphimethod thatare used to calibratethe baseline cover the key channels of
impact of extant policies, such as consumer demand, investment, labour supply and demand,
production efficiency and innovation. The expert assessments from the Delphi method cover a
medium-term horizon of five years, which is deemed sufficient to reach the full impact of the
measures considered.

The advantage of this approach is that the baseline calibration of the source model incorporates
sector-specificexpert assessments andexpectations. Thisensures both consistency of the baselines
between the different model versions and efficient use of available information by economic
sectors. The time horizon of the Delphi method survey is sufficiently long to capture effects from
delayed implementation of certain policy measures, as well as lagsin the adaptation of the economy
tothe measures. Thus, the calibration of the baseline using the Delphi methodresponses allows the
inclusion of the effects of both upcoming and recently implemented policy measures in an
integrated manner via the sector-specific expert responses.

Quantification of the impacts in absolute values

The computation of the effects of the policy options under considerationin absolute terms requires
the values of the respective variables in the baseline scenario. The country coverage of the CGE
model, while sufficient for the purpose of approximating the structure of the EU-27 economy,
precludes the direct use of the baseline from the model. Moreover, the baseline scenario from the
CGE modeldoes not take into account cyclical fluctuationsin the variables induced by shocks such
as the COVID-19 pandemic. Therefore, the valuesof the variables of interest in the baseline need to
be obtained through additional computations.

The values throughout 2020 and 2030 in the baseline for totalemployment, nominaland real GDP
were calculated in the following way, as presentedin Table 33. We use the respectivevaluesfor 2019
from Eurostat as a starting point (specifically datasets nama_10_gdp and Ifsa_eisn2 for the latest
available data). The nominal GDP values for2020 and 2021 are computed using the real GDP growth
and GDP deflator projections from the Spring 2020 Economic Forecast of the European

178



Cost of Non-Europe report on artificial intelligence in road transport - Annex

Commission.*” The nominal GDP values for 2022-2030 are computed by applying the average
annual nominal GDP growth for the period 2000-2019. The real GDP and total employment are
calculated in the same way.

Table 33: Applied calculation of the values of economic indicators throughout 2019-2030
for the construction of the baseline inabsolute values

Valuein2019 Value in 2020-2021 Value in 2022-2030

Projections calculatedin | Value in the preceding

Total employment Eurostat value for the Spring 2020 yearis multiplied by the

Nominal and real GDP 2019 Economic Forecast of average growth rate for
the EC47 the period 2000-2019

Employment per sector Calculatedindicatorfor = Calculated indicator for

) Eurostat value for
Nominal and real GDP per the whole economy the whole economy
2019 per sector o -

sector multiplied by the sector = multiplied by the sector

share of 2019 share of 2019

Source: Authors.

In the absence of projectionsfor nominal value added, real value addedand employment by sector,
therespective baseline paths are constructed using the computedbaseline values of nominal GDP,
real GDP and employment and applying the assumption of constant structure overtime, using the
respective sectorsharesfrom2019. This enables the useof the mostrecent data available to account
for the sectoral structure of the economy. A limitation of this approach is that it cannot capture
sectoral differences in cyclical or structuraldevelopments in the baseline. This limitation is partially
mitigated by the fact that such structures arerelatively slow changing.

The computation of the absolute deviations for the respective variables is carried out by applying
the percentage deviationsfrombaseline of real GDP, real value added and employmentas obtained
from the CGE model to the baseline paths described above and rescaling appropriately to ensure
additivity of the sectoral resultsto thetotal. In the case of nominal variables, the absolute deviations
are computed by applying the percentage deviationsfor the respective real variables.

Sensitivity analysis

There are various estimates on the sizes of increases in intermediate consumption available in the
literature. We have assumed, that the intermediate consumption of insurance services increases by
10 % due to the introduction of the Policy Option 2 while other assumptions are the same. To test
the sensitivity of it, we also assumed that theincrease in intermediateconsumption is 5% and 15 %.
These are commensurate with the estimates in EPRS on additional insurance costs associated with
a stricter liability regime. 422 The respective policy options are refered to as Policy Option 2.1 and
Policy Option 2.3.

427 European Commission (2020) Spring 2020 Economic Forecast, available at
https://ec.europa.eu/commission/presscorner/detail/en/ip_20_799.

428 EPRS (2019). Cost of non-Europe in robotics and artificial intelligence: Liability, insurance and risk management, p.54.
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Table 34: Assumptions for Policy Option 2

Demandfor

vehicles

Demand for
ransportation services

Intermediate

consumption of
insurance services

Policy option 2.1
Policy option 2
Policy option 2.3

Source : Authors.

0%
0%
0%

30 %
30 %
30 %

5%
10 %
15 %

10 %
10 %
10 %

The results are presented in Table 35 - 37. They suggest that there are negligible differences
between these different assumptions.

Table 35:Impact ofimplementing Policy Option 2 on selected macroeconomic variables, in
percentage deviations from baseline

_ Private consumption Employment Capital stock

2020
2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

PO2.1

0.06
0.14

0.22

032

044

0.57

0.73

091

1.10

1.29

149

0.06
0.13

0.22

032

044

0.57

0.73

0.91

1.09

1.29

149

PO2.3

0.06
0.13

0.22

032

043

0.56

0.73

0.90

1.09

1.28

148

PO2.1

0.07
0.16

0.26

038

0.51

0.66

0.83

1.00

1.19

1.39

1.59

Note: PO refers to Policy option.

Source : Authors.

0.07
0.16

0.26

0.38

0.51

0.65

0.82

1.00

1.38

1.58

PO2.3

0.07
0.15

0.26

037

0.50

0.65

0.82

0.99

1.18

1.38

1.58

PO2.1

0.13
0.27

044

0.62

0.82

1.04

1.32

1.60

1.89

2.18

248

0.13
0.27

043

062

0.82

1.04

132

1.60

1.89

2.18

248

PO2.3

0.13
0.27

043

0.62

0.82

1.04

1.32

1.60

1.89

2.18

248

PO2.1

0.00
0.01

0.02

0.04

0.07

0.10

0.15

0.21

0.29

0.38

049

0.00
0.01

0.02

0.04

0.07

0.10

0.15

0.21

0.29

038

0.49

PO2.3

0.00
0.01

0.02

0.04

0.07

0.10

0.15

0.21

0.29

0.38

049

Table 36:Impact of implementing Policy Option 2.1 on employment by sector, in
percentage deviations from baseline

Agriculture

Construction

Finance and insurance

Industry

Land transport

Manufacturing (other)

Other services

Transport (other)

0.10
0.14
0.06
0.14
-0.29
0.20
0.12
0.17

Manufacturing of vehicles 0.23

Source : Authors.

180

0.22
0.31
0.14
0.30
-0.28
040
0.25
035
045

037
0.51
0.26
048
0.01
0.60
040
0.55
0.68

0.54
0.75
041
0.67
0.53
0.80
0.56
0.76
0.90

0.73
1.03
0.59
0.88
1.25
1.00
0.73
0.99
1.13

0.95
1.35
0.81
1.11
2.15
1.21
0.92
1.22
1.36

1.28
1.84
1.14
1.40
343
1.42
1.15
1.48
1.61

161
233
148
1.69
4.69
1.64
139
1.74
1.86

1.94
2.82
1.82
1.98
593
1.86
1.64
201
2.1

2.27
3.32
2.17
2.28
7.16
2.09
1.89
2.27
237

2.60
3.81
252
2.57
8.38
233
2.14
2.54
2.63
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Table 37:Impact of implementing Policy Option 2.1 on real value added by sector, in
percentage deviations from baseline

Agriculture 002 005 009 0.5 0.21 029 040 052 065 079 0.95
Construction 0.07 0.15 0.25 0.37 0.51 0.68 0.94 1.20 146 1.74 2.02
Finance and insurance 0.02 0.06 0.12 0.20 0.29 041 0.58 0.76 0.95 1.15 1.36
Industry 0.04 0.09 0.15 0.22 0.30 0.40 0.52 0.65 0.79 0.94 1.10
Land transport -0.12  -0.11 0.01 0.23 0.54 0.92 1.46 1.99 2.52 3.05 3.58
Manufacturing (other) 0.11 0.22 0.33 0.45 0.57 0.70 0.83 0.98 1.13 1.30 147
Other services 007 0.4 023 032 043 055 070 0.86 1.03 1.21 139
Transport (other) 007 0.6 025 035 046 059 073 0.87 1.03 1.20 138

Manufacturing of vehicles 0.09  0.18 027 037 047 058 070 084 098 1.14 1.30
Source : Authors.

Table 38: Impact of implementing Policy Option 2.3 on employment by sector, in
percentage deviations from baseline

Agriculture 010 022 037 053 0.73 0.95 1.28 1.61 193 226 2.59
Construction 0.14 0.31 0.51 0.75 1.02 1.35 1.84 233 2.82 3.31 3.80
Finance and insurance 0.06 0.16 0.28 044 0.63 0.85 1.19 1.54 1.89 2.24 261

Industry 0.14 030 048 067 0.88 110 139 1.69 198 227 2.57
Land transport -0.29 -028 0.1 0.53 1.25 2.15 343 4.69 5.93 7.16 8.37
Manufacturing (other) 020 040 060  0.80 1.00 1.21 142 1.64 186  2.09 232
Other services 0.12 0.25 0.40 0.56 0.73 0.92 1.15 1.39 1.64 1.89 2.14
Transport (other) 0.17 0.35 0.55 0.76 0.98 1.22 1.48 1.74 2.00 227 2.54

Manufacturing of vehicles 0.22 044 0.66 0.87 1.09 1.32 1.56 1.81 2.06 231 257
Source : Authors.

Table 39: Impact of implementing Policy Option 2.3 on real value added by sector, in
percentage deviations from baseline

Agriculture 002 005 009 0.15 0.21 029 040 052 065 0.79 0.94
Construction 007 0.5 025 037 0.51 068 093 1.19 146 1.74 2.02
Finance and insurance 0.03 0.07 0.13 0.21 0.31 043 0.60 0.78 0.98 1.18 1.40
Industry 004 0.09 0.15 0.22 0.30 040 051 064 078 093 1.09
Land transport -0.12  -0.11 0.01 0.23 0.54 0.92 145 1.99 252 3.05 3.58
Manufacturing (other) 0.11 0.22 033 045 0.57 069 083 0.98 1.13 1.30 147
Other services 0.07 0.14 0.23 0.32 043 0.55 0.70 0.86 1.03 1.21 1.39
Transport (other) 0.07 0.16 0.25 0.35 0.46 0.59 0.72 0.87 1.03 1.20 137

Manufacturing of vehicles 0.08  0.17 026 036 046 056  0.69 082 096 1.11 1.28
Source : Authors.
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Detailed results

The detailed results for Policy option 2 are presented in Table 40 - 42.

Table 40: Impact ofimplementing Policy Option 2 on selected macroeconomic variables, in
percentage deviations from Policy Option 1

Sector GDP Employme nt Capital stock

2020 0.06 0.07 0.13 0.00
2021 0.13 0.16 0.27 0.01
2022 0.22 0.26 043 0.02
2023 0.32 0.38 0.62 0.04
2024 044 0.51 0.82 0.07
2025 0.57 0.65 1.04 0.10
2026 0.73 0.82 1.32 0.15
2027 091 1.00 1.60 0.21
2028 1.09 1.19 1.89 0.29
2029 1.29 1.38 2.18 0.38
2030 1.49 1.58 248 049

Source : Authors.

Table 41:Impact ofimplementing Policy Option 2 on employmentby sector,in percentage
deviations from Policy Option 1

Agriculture 0.10 0.22 037 0.54 0.73 095 1.28 1.61 1.94 227 259
Construction 0.14 0.31 0.51 0.75 1.03 135 1.84 233 282 331 3.8I1
Finance andinsurance  0.06 0.15 0.27 0.42 0.61 083 1.17 151 185 221 2.56
Industry 0.14 030 048 0.67 0.88 1.11 140 1.69 1.98 227 257
Land transport -0.29 -0.28 0.01 0.53 1.25 2.15 343 469 593 7.16 8.37
Manufacturing (other) 0.20 040 0.60 0.80 1.00 1.21 142 164 1.86 209 233
Otherservices 0.12 0.25 040 0.56 0.73 092 1.15 139 1.64 189 214
Transport (other) 0.17 035 055 0.76 098 1.22 148 1.74 2.01 227 254

Manufacturing ofvehicles0.22 0.45 067 0.89 1.11 134 158 1.83 209 234 2.60
Source : Authors.

Table 42: Impact of implementing Policy Option 2 on real value added by sector, in
percentage deviations from Policy Option 1

Agriculture 0.02 0.05 0.09 0.15 0.21 0.29 0.40 0.52 065 0.79 0.94
Construction 0.07 0.15 0.25 037 051 068 093 1.19 146 1.74 2.02
Finance andinsurance 0.03 0.07 0.13 0.20 0.30 042 059 0.77 09 1.17 1.38
Industry 0.04 0.09 0.15 0.22 030 040 0.52 0.64 0.79 094 1.10
Land transport -0.12 -0.11 0.01 0.23 054 092 146 199 252 3.05 3.58
Manufacturing (other)  0.11 0.22 033 045 0.57 0.69 083 098 1.13 130 147
Otherservices 0.07 0.14 0.23 032 043 055 070 0.86 1.03 1.21 1.39

182



Cost of Non-Europe report on artificial intelligence in road transport - Annex

Transport (other) 0.07 0.16 0.25 035 046 0.59 0.72 087 1.03 1.20 1.37
Manufacturing of vehicles0.09 0.17 0.26 0.36 0.46 0.57 069 0.83 097 1.12 1.29
Source: Authors.

The detailed results of absolute impacts for Policy Option 2 are presented in Table 43 - 45.

Table 15: Impact of implementing Policy Option 2 on selected macroeconomic variables
(absolute deviations from Policy Option 1 values)

sector _____________Jeop __________________[Employment

2020 7 868 243
2021 18430 537
2022 30730 864
2023 45286 1233
2024 62276 1644
2025 81906 2101
2026 107 483 2685
2027 135144 3285
2028 164934 3900
2029 196 901 4532
2030 231097 5181

Note: GDP figures reported at constant 2019 prices in millions of euros. Employment figures reported in
thousand persons. Source: Authors.

Table 16: Impact of implementing Policy Option 2 on employment by sector (deviations
from Policy Option 1 values, thousand persons)

Agriculture 9 34 120 152 184 217 250
Construction 5 10 17 25 34 45 61 78 95 113 130
Finance andinsurance 3 7 13 20 29 40 56 73 20 108 126
Industry 5 10 16 22 29 37 47 57 67 77 88
Land transport -17  -16 0 31 74 127 204 281 357 434 511
Manufacturing (other) 54 111 166 221 277 334 396 460 526 594 665
Otherservices 171 367 577 806 1059 1337 1690 2054 2430 2818 3218
Transport (other) 8 17 26 36 46 58 70 83 97 110 124

Manufacturing of vehicles 6 11 17 23 28 34 41 48 54 62 69
Source: Authors.

Table 17:Impact of implementing Policy Option 2 on real value added by sector (deviations
from Policy Option 1, constant 2019 prices millions ofeuros)

Agriculture 103 190 303 447 625 880 1171 1497 1858 2254
Construction 366 889 1537 2345 3339 4544 6374 8313 103641253214821
Finance andinsurance 134 382 735 1213 1828 2595 3748 5008 6376 7853 9440
Industry 137 328 555 831 1160 1548 2058 2629 3260 3953 4707
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Land transport 2201 -291 37 663 1570 2735 4422 6163 7953 9794 11686
Manufacturing (other) 1754 3814 5943 8234 107021337116399 1968823 24627 08231202
Other services 4494 1035217032248403388544297577957244588274;(133 ;;g

Transport (other) 215 495 810 1172 1582 2044 2592 3189 3836 4535 5286

Manufacturing of vehicles 189 414 651 911 1196 1512 1882 2291 2738 3226 3754
Source: Authors.

The detailed results for Policy option 3 are presented in Table 46 - 48.

Table 18: Impact of implementing Policy Option 3 on selected macroeconomic variables,
percentage deviations from Policy Option 1

2020 0.08 0.09 0.16 0.00
2021 0.17 0.19 0.35 0.01
2022 0.28 0.32 0.55 0.03
2023 0.41 0.46 0.77 0.05
2024 0.54 0.62 1.01 0.09
2025 0.70 0.79 1.27 0.14
2026 0.89 0.99 1.60 0.20
2027 1.10 1.20 1.92 0.28
2028 1.31 1.42 2.26 0.37
2029 1.54 1.65 2.60 0.48
2030 1.77 1.89 2.94 0.60

Source: Authors.

Table 19: Impact ofimplementing Policy Option 3 on employmentby sector,in percentage
deviations from Policy Option 1

Agriculture 0.14 031 050 0.71 095 1.21 159 197 235 273 3.1
Construction 0.21 045 0.71 1.01 135 1.74 229 284 340 3.95 4.52
Finance andinsurance 0.10 0.23 0.40 059 082 1.09 147 186 226 266 3.07
Industry 0.18 039 060 0.84 1.09 136 1.70 2.03 238 272 3.07
Land transport -0.19 -0.08 0.30 0.92 1.75 274 412 547 6.81 8.13 9.44
Manufacturing (other)  0.24 0.48 0.71 095 1.19 144 1.69 196 222 250 278
Otherservices 0.15 032 050 0.69 090 1.12 140 1.68 196 225 255
Transport (other) 0.21 043 067 092 1.18 146 1.76 2.07 238 269 3.01

Manufacturing of vehicles0.26 0.53 0.79 1.05 1.32 159 1.88 217 247 277 3.08
Source: Authors.
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Table 20: Impact of implementing Policy Option 3 on real value added by sector, in
percentage deviations from Policy Option 1
1.15
2.41
1.67
1.32
4.06
1.77
1.67
1.64
1.54

Agriculture 0.03
Construction 0.10
Finance andinsurance ~ 0.04
Industry 0.05
Land transport -0.08
Manufacturing (other) ~ 0.13
Otherservices 0.08
Transport (other) 0.09

Manufacturing of vehicles0.10
Source: Authors.

The detailed results of absolute impacts for Policy Option 3 are presented in Table 49- 51.

0.07
0.21
0.11
0.12
-0.03
0.26
0.18
0.19
0.21

0.13
0.35
0.19
0.20
0.14
0.40
0.29
0.30
0.32

0.20
0.50
0.29
0.28
0.40
0.54
0.40
0.43
0.43

0.28
0.68
0.41
0.38
0.75
0.68
0.53
0.56
0.56

0.37
0.88
0.55
0.50
1.18
0.83
0.68
0.71
0.69

0.50
1.17
0.75
0.64
1.75
1.00
0.85
0.87
0.83

0.64
1.46
0.96
0.79
2.33
1.18
1.04
1.05
0.99

0.80
1.77
1.18
0.96
2.90
1.36
1.24
1.24
1.16

0.97
2.08
1.42
1.13
3.48
1.56
1.45
1.43
1.35

Table 21: Impact of implementing Policy Option 2 on selected macroeconomic variables
(deviations from baseline scenario values)

S <7

10305
23796
39180
57094
77723
101286
131141
163408
198 145
235416

275287
Note: GDP figures reported at constant 2019 prices in millions of euros. Employment figures reported in
thousand persons. Source:Authors.

2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

315
687
1092
1540
2034
2577
3251
3944
4657
5391
6147

Employment

Table 50: Impact of implementing Policy Option 3 on employment by sector (deviations
from Policy Option 1 values, thousand persons)

Sector 2020 [2021 [2022 [2023 [2024
13 28 46 66 88

Agriculture

Construction 7
Finance and insurance 5
Industry 6
Land transport -11

Manufacturing (other) 64
Other services 216

Transport (other) 9

15
11
13
-5
131
461
20

23
19
20
18
196
719
31

33
28
28
54
262
1000
43

45
39
36
103
329
1305
56

113
58
52
45
163
398
1638
69

149
76
71
57
245
472
2048
84

186
96
90
68
328
549
2473
99

2025 2026 [2027

028 (2029 [2030
223 261 300

115
110
80
411
628
2912
115

135
130
93

494
710

3366

131

155
151
105
577
794

3836

147
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Manufacturing of vehicles 7 13 20 27 34 41 48 56 65 73 82
Source: Authors.

Table 51: Impact ofimplementing Policy Option 3 on real value added by sector (deviations
from Policy Option 1 values, constant 2019 prices, EUR min.)

Agriculture 146 1112 1456 1840 2265 2730
Construction 558 1300 2163 3197 4425 5875 7966 10178 12517 14988 17599
Finance and insurance 231 598 1080 1700 2471 3409 4750 6213 7800 9512 11352
Industry 180 425 714 1058 1465 1938 2544 3219 3964 4779 5666
Land transport -197 -76 380 1143 2191 3500 5330 7215 9156 11153 13208
Manufacturing (other) 2103 4576 7135 9892 12866 16080 19700 23627 27871 32441 37343
Other services 5792 13211 21540 31149 42156 54699 70529 87699 106244126 199147601
Transport (other) 268 611 995 1432 1925 2477 3122 3825 4586 5407 6289
Manufacturing of vehicles 227 498 783 1097 1442 1822 2262 2747 3277 3853 4476
Source: Authors.
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Artificial intelligence is a key enabler for autonomous
vehicles that potentially provides European citizens
with  economic, environmental and social
benefits. However, at the absence of a relevant
European framework around liability, data
protection,  cybersecurity and protection of users
creates costs of non-Europe in terms of
economic output and employment. It also
generates other costs, in particular around data
protection and privacy, which can influence
fundamental rights for Europeancitizens.

This study is annexed to the Cost of non-Europe
report entitled 'Artificial intelligence in  road
transport’, published by EPRS.
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This document is prepared for, and addressed to,the Membersand staff of the European
Parliament as background material to assistthem in their parliamentary work. The content of
thedocument is the sole responsibility of its author(s) and any opinions expressed herein should
not be taken to representan official position of the Parliament.
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