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This thesis explores the differences in the road transport of dangerous goods legislation's
scope of applications in Europe and examines how the regulation should be changed so that
the transport of dangerous goods by road can be carried out with automated driving solutions,
such as autonomous delivery robots.

The study reveals that there are national differences between EU member states in the current
scope of application. The legal framework for international transport of dangerous goods
regulation is the ADR-agreement, which is applied by all EU countries. According to the
study, the differences are due to different interpretations by member states of the contents of
the definition of vehicle in the regulations. The thesis recognizes that EU countries have the
will to harmonise the scope of applications and thus achieve a more equal transport sector.

The research focused on mapping the capabilities of different EU countries as well as the
needs for a change in the legislation's scope of application to enable the road transport
sectors' automation of developing, such as the use of an autonomous delivery robot for the
transport of dangerous goods. The study reveals that EU countries have reservations about
the autonomous vehicles due to a lack of research data on road transport automation from a
safety perspective.

As a conclusion the study proposes harmonisation of the transport of dangerous goods
legislation's scope of application. In addition, conclusion contains measures that could be
used to enable autonomous vehicles for the transport of dangerous goods from a regulatory
perspective in both Finland and Europe.



TIIVISTELMA

Lappeenrannan—Lahden teknillinen yliopisto LUT
LUTin insinddritieteiden tiedekunta

Tuotantotalous

Eetu Mattila

Vaarallisten aineiden kuljetus lainsiiddinnon soveltamisala: Case autonominen
ajoneuvo

Tuotantotalouden diplomityd

2025

64 sivua, 4 kuvaa, 2 taulukkoa ja 1 liite

Tarkastaja(t): Tutkijatohtori Dr. Adeel Tariq ja Professori Marko Torkkeli

Avainsanat: Vaarallisten aineiden kuljetus, VAK, automaattinen tavarankuljetusrobotti,
Automaattiset ajoneuvot, Tieliikkenteen automaatio, ADR-sopimus

Tdssd opinndytetyOssd selvitetddn vaarallisten aineiden kuljetus (VAK) sddntelyn
soveltamisalan eroavaisuuksia Euroopan Unionin (EU) jdsenvaltioissa seké tutkitaan milld
tavalla sddntelyd tulisi muuttaa, jotta vaarallisten aineiden tiekuljetuksia voitaisiin suorittaa
automaattiajamisen ratkaisuilla, kuten tavarankuljetusroboteilla.

Tutkimuksessa paljastuu, ettd VAK-sddntelyn tdménhetkisessd soveltamisalassa on
kansallisia eroavaisuuksia jdsenvaltioiden kesken. Kansainvilisen VAK-sddntelyn
saddoskehikkona pidetdin ADR-sopimusta, jota kaikki EU-maat soveltavat. Tutkimuksen
mukaan eroavaisuudet johtuvat jdsenvaltioiden erilaisista tulkinnoista sddddsten ajoneuvo
méadritelmén sisdllostd. Opinndytety0 tunnistaa, ettd EU jdsenvaltioilla on tahtotila
harmonisoida VAK-sédédntelyn soveltamisalaa ja tdten saavuttaa yhtenevdisempi toimiala.

Tutkimuksessa keskityttiin kartoittamaan eri jdsenvaltioiden valmiuksia seka tarpeita VAK-
sadntelyn soveltamisalan mahdollista muutosta varten kehittyvilld olevan tieliikenteen
automaatioon mahdollistamiseksi, kuten tavarankuljetusrobotin kayttdmistd vaarallisten
aineiden kuljetukseen. Tutkimuksessa paljastuu, ettd jdsenvaltioissa suhtaudutaan
tielitkkenteen automaatioon varauksella, koska tielitkenteen automaatiosta ei ole riittdvasti
tutkimustietoa, erityisesti turvallisuus nékokulmasta.

Lopuksi tutkimuksessa ehdotetaan kansainvilisen VAK-sdédntelyn soveltamisalan
harmonisointia seké toimenpiteitd, joita hyddyntdmailld vaarallisten aineiden kuljettaminen
automaatti ajamisen ratkaisuilla mahdollistettaisiin sdéntelyn ndkdkulmasta niin Suomessa
kuin Euroopassa.
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1 Introduction

The future of the transport sector is expected to face several innovations and new means of
transport due to globally increasing demand for sustainable transport and technological
developments in the decade of artificial intelligent. In Europe, European Union have
launched the Fit for 55 policy that aims to reduce emissions on the EU at least 55% by 2030
compared to current consumptions (Council of the EU and the European Council, 2024).
Automations are developing rapidly in many sectors and road transport sector cannot avoid
it. In Finland there have been pilots of autonomous delivery robots which have provided
experiences for citizens and authorities of the future possibilities (Starship Technologies,
2024). This research is focusing on one of the special operations in the transport sector, the
transport of dangerous goods, to give knowledge to them who are working on this specific
sector. There is a limited amount of existing literature about the combination of autonomous
vehicles and transport of dangerous goods. This research aims to fill that gap. A study
conducted by Oakey et al. (2022) recommended that further research about dangerous goods
and autonomous vehicles would address their findings to operate autonomous vehicles under
the dangerous goods transport regulations. Therefore, this research aims to build on the
existing literature's light groundings to support the future's quality of the research of the

transport of dangerous goods on the autonomous vehicles.

1.1 Background

Background for the research was Finnish Transport and Communications Agency
Traficom’s constant need for develop legislation and provisions. To do that Traficom was
interested to discover transport of dangerous goods legislation’s applicability to the future
transport world. There has been noticed a new mode of road transportation: autonomous
vehicles and especially autonomous delivery robots in Finland. In addition, it had come to
Traficom's knowledge that there might be variation in European countries' legislation of

transport of dangerous goods scope of applications.



Current transport of dangerous goods legislation does not recognize autonomous vehicles or
robots. Regulations internationally and domestically in Finland have been built up from the
perspective that vehicles have a human driver inside the carriage. Traficom is a responsible
party in Finland to prepare domestic legislation and provisions and participate in
international working groups to develop multinational agreement and EU directive related
to dangerous goods road transport. Therefore, it is in regulator's best interest to be aware of
new innovations and trends in the road transport sector. To maintain in future the aim where

legislation is aligned with the priorities and innovations of the transport sector.

1.2 Research questions, objectives, contributions and scope

This chapter describes the fundamental part of the research by presenting the research
questions, objectives, contributions and scope of the research. The main research question is
used to define the outline of this study, and sub-questions are used to guide the study and
focus on to meet the main objectives of the study. The main research question is formed in
collaboration of Traficom, to guarantee this research provides necessary information for

Traficom. Main research question of this study is:

How should the legislation's scope of application in transport of dangerous goods change

in future to cover all the future's innovative ways to transport goods without a driver?

This research aims to cover two perspectives, the regulator side and the innovation side,
therefore there are four sub-research questions to guide this study to cover these two

perspectives and meet the main research question. Sub-questions are:
What kind of differences are on the legislation's scope of application in EU?

What kind of changes need to be made in the legislations to allow autonomous delivery

robots to transport dangerous goods?
Is the field of transport of dangerous goods looking for to use autonomous vehicles?

Are autonomous delivery robots expected to be used at dangerous goods transportation in

near future?

Research questions are formed based on the objectives of this research; therefore, objectives

are linked with the research questions. Objectives of this research are following:



e provide a conclusion of the road transport of dangerous goods legislation's scope of

applications suitableness for the future's mode of road transport,

e discover what non-traditional transport means or solutions should be covered in the

legislation's scope of application in future, if any

e understand the possible differentials in the road transport of dangerous goods

legislation's scope of application in Europe

e provide a perspective to increase European regulators awareness towards what kind

of autonomous vehicles or transport means on road there might be in future

e discover are autonomous delivery robots expected to transport dangerous goods in

future.

This research aims to provide three contributions to the literature; add knowledge to
literature related to legislation for transport of dangerous goods. Second, it focuses on the
autonomous transport sector and third, it gives on the autonomous vehicles a perspective
from transport of the dangerous goods sector and the legal framework's suitableness for
autonomous vehicles in Europe. The scope of this research is the sector of transport of
dangerous goods in Europe, especially in northern Europe, including the sector's legislations
and on the vehicle perspective, focusing on the autonomous vehicles, which includes

autonomous delivery robots.

1.3 Structure of the thesis and limitations

This research's structure consists of an insight into existing literature on the field of transport
of dangerous goods including the sector's regulations framework and findings from the
autonomous vehicles developments and experiences what have researched globally.
Literature review aims to connect findings from different area, because there is a research
gap on the field of dangerous goods transport on autonomous vehicles. After the literature
review there is explained the research methods which leads the paper to present the research
results. Results section is followed with discussion section where the results of this research
are compared and criticised by the existing literature. Finally, this paper presents the

conclusion which aims to give answers on the research questions.



Limitation of this research is a narrow sampling and limited research area. Finland has
somehow a unique transport sector in Europe with long distances and changing weather
conditions, some similarities with Sweden and Norway, but in bigger picture Finland’s
transport sector is quite different than the other European countries have. Therefore,
legislation’s scope of application may differ a lot with other countries and findings from
southern Europe does not suit for Traficom's need. Despite the narrow research area and
sampling, it is believed that thesis can provide to Traficom and to other EU countries

necessary information.

Research limitations occur also in the future means of transportation. This study only focuses
on the autonomous vehicles and on the autonomous delivery robots. Autonomous delivery
robots are selected because there are practical experiences in Finland with them and urban
area's transport is believed to be under the biggest changes in future. Limitations at transport

means had to be done to sustain certain level of quality in this research.



2 Literature review

In this chapter is presented an insight to the existing literature in the field of transport of
dangerous goods and in sector of autonomous transport means. Throughout this literature
review this research discovers an overview about the state of dangerous goods road transport
sector and understandings about the expected development steps in future. Due the
compliance of the legal framework of the transport of dangerous goods by road, the

legislation framework is discovered shortly here.

2.1 Transport of dangerous goods

Transporting dangerous good by road demands specific knowledge about the substances and
items that are classified to be dangerous and capability to understand the proper means to
handle these substances and items (Walendzik et al., 2021). Due to this, according to study
conducted by Vojinovi¢ et al. (2021) dangerous goods road transport is heavily regulated
field of business at the international and national level in Europe. United Nations Economic
Commission for Europe (UNECE) have given an Agreement concerning the International
Carriage of Dangerous Goods by Road, known as ADR-agreement (United Nations
Economic Commission for Europe, 2024). According to United Nations Economic
Commission for Europe (2024), the ADR-agreement was settled and forced in action 1968.
The ADR-agreement's content has an update in every two-year. At year of 2024, ADR-
agreement is applied in all European Union member states (including Finland) but also on
certain third countries that are part of the United Nations. The legal framework for road
transport of dangerous goods in Europe is the ADR-agreement (Celebi, 2021). ADR-
agreement stipulates to carry dangerous goods in road vehicles in compliance with certain
conditions. These conditions are laid down at ADR-agreement's Annex A and B. Annexes
mainly sets requirements for classification, packaging and labelling the goods, but also
stipulates how construction, equipment and operation of transporting goods should be

handled. (United Nations Economic Commission for Europe, 2024).

Transporting dangerous goods provides an actual danger for all the parties that involves in

the transport chain directly or indirectly. Therefore, regulations obligate to all parties such



as packaging operator, consigner, loading, unloading, freight carrier and other possible
operator part of the chain to comply with the regulations. Regulation aims to that all
responsible parties involved the chain will be aware of the risks dangerous goods may cause
and guide companies to prepare their processes so that damages will be minimized in case

of accident. (Vojinovic et al., 2021)

Based on current literature dangerous goods road transport regulation are complex and
challenging ecosystem. According to study conducted by Vojinovi¢ et al. (2021) regulations
regulate road transport of dangerous goods in very wide context. Transport regulations
stipulates also operators that are not in direct connection to transporting, for example
chemical substance's packaging staff. Due to this, UNECE's preparation of ADR-
agreement's every two-year annual update involves experts from different science areas such
as chemists, engineers from science and technology, rescue service and government
authorities. According to United Nations Economic Commission for Europe (2024) ADR-
agreement will have updates every two-year to adapt the developments from science and
technology. Regulators works constantly to keep up with the pace of development.
Regulators aim to research the suitableness of the developments for the use in dangerous
goods transport from all safety, efficiency and legislation aspects (United Nations Economic

Commission for Europe, 2024).

According to European Union (2015) European Union's (EU) directive 2008/68/EC of the
European Parliament and of the Council of 24 September 2008 on the inland transport of
dangerous goods, stipulates that EU member states are forced to apply the ADR-agreement's
rules to domestic road transport field. Due to this, every EU member state have the exact
same ground rules for dangerous goods transport by road. There are possible differences on
application of these rules, directive 2008/68/EC allows that member states can apply
temporary exemption from certain rules (European Union, 2015). According to Batarliene
(2020) each EU member state may also apply tighter provision in their domestic dangerous
goods road transport legislation if they see it as a suitable measure to increase safety in
dangerous goods transportation. In Finland directive's 2008/68/EC and ADR-agreement's
rules have implemented on the domestic level throughout the Act on the Transport of
Dangerous Goods (541/2023) and Decree on the Transport of Dangerous Goods (925/2023).
Finland have applied tighter regulations on domestic regulations on certain areas of

dangerous goods transport (Finnish Transport and Communication Agency, 2023).



According to the United Nations Economic Commission for Europe (2023a) ADR-
agreement transporting dangerous goods by road is based on the classification of goods
(substances and items). There are nine different classes, and every class has certain type and
level of danger. Danger characteristics, physical characteristics and chemical characteristics
are the factors how dangerous goods are classified. The nine classes are explained in table

1.

Table 1. Classification of dangerous goods (Stojanovic, et al., 2023)

Class Name

| Explosives

2 Gases

3 Flammable liquids

4.1 Flammable solids, self-reactive substances, polymerizing substances, and solid

desensitized explosives

4.2 Substances liable to spontaneous combustions

4.3 Substances which, in contact with water, emit flammable gases
5.1 Oxidizing substances

5.2 Organic peroxides

6.1 Toxic substances

6.2 Infectious substances

7 Radioactive material

8 Corrosive substances

9 Miscellaneous dangerous substances and articles

Every class contains a high number of different goods that are considered as a dangerous.
Depending on substance's characteristics, substance can cause several effects for
environment, people or infrastructure. Due to these different characteristics, there are a lot
of variation of how dangerous goods should be transported, based on chemical composition
and classification to minimize risk for accident and maintaining safety during transport

(Stojanovic et al., 2023).

Study conducted by Celebi (2021) discovered that road traffic accidents that contains a
carriage of dangerous goods can have catastrophic consequences and remarkably high costs
to repair the damage what occurred to surroundings and humans. Same study founded that
road traffic accidents where DG carriage is involved have a minor share of all accidents. In

other hand as Stojanovic et al. (2023) founded in their study, accidents during DG carriage



can cause damages to preservation of the environment, human's health, and infrastructure.
Study by Maslac et al. (2017) stated that road traffic accident involving dangerous goods is
often nation-wide news due the level of damages. According to Celebi (2021), regulators in
ADR-agreement member states expects in case of accidents the compensation money from
insurance companies to transport companies be higher than they actually are. This can

mislead authorities while they are preparing legislation.

2.2 Findings on the dangerous goods road transport

According to Finnish Ministry of Transport and Communication (2012) transport of
dangerous goods by road is a crucial for business sector for Finland economically due it is
expected growth in future. Already at the beginning of the 2100-century transportation of
dangerous goods by road were identified as a major business sector globally, for instance
90% of all dangerous substances or items were transported by road in the USA and over 60%
in Brazil (Cordeiro et al., 2016). Study conducted by Grabarek & Beczkowska (2012) stated
that in Poland dangerous goods transportation covers 5% of the whole European transport
performances. Level of regulations for dangerous goods road transport has increased steadily
and mainly hand-in-hand with the knowledge of hazardous characteristics of the classified
dangerous goods. Despite the high level of regulation, the factor named human error can and
has caused accidents in the road transport of dangerous goods. Automation and other
technical developments have become more needed tools to decrease accident caused by

human errors (Molero et al., 2019).

Study conducted by Stojanovic et al. (2023) founded that one way to decrease the risk during
dangerous goods transports would be investing and maintaining better road infrastructure.
Statistics have shown that reasons for accidents are often poor conditions. According to
Flodén & Woxenius (2021) involving municipalities to planning and building infrastructure
for safe transport of dangerous goods can be challenge due to different action times,
companies have needs instantly and municipalities works slowly. According to study
conducted by Flodén & Woxenius (2021) it is crucial to understand when increasing safe
level for certain transport mode, it can cause challenges for other factors in the transport
ecosystem. High level of security in the vehicle against a vandalism, can cause issues for

rescue service in case of accident.



According to Molero et al. (2019) acceptance of new technological developments in Europe's
freight transport has been slow. Despite that advanced ICT technologies include artificial
intelligence (Al), cloud computing and internet of things (IoT). According to Molero et al.
(2019) in field of freight transport, companies that have adapted old and heavy structured
ICT technologies in the past are the last ones to adapt new advanced technologies due to
high digitalization costs. In other hand, already at beginning of 2100-century, reports showed
that transport companies that carries dangerous goods are more likely to adapt ICT-solutions
in their core business than companies that carriage general goods. Study stated that adaption
of new tier technologies will began from the newer companies or companies without low

success in adaption of technology in the past (Molero et al., 2019).

Study conducted by Molero et al. (2019) founded that professional truck drivers see the
implementation of modern technology as an enemy due to increasing controlling from
employer side, despite the fact that technology is implemented to make transport companies
management more effective and transparent. In other hand, there is a seed of truth in driver's
fells, due the rapid development of technology, some drivers may be in fear that they lose

their job in future for AI (Molero et al., 2019).

2.3 Driver's performance on the transport of dangerous goods

According to study conducted by Grabarek & Beczkowska (2012) human truck drivers'

performance contains following:

"Processes of orientation, decision making and performing controlling

activities". (Grabarek & Beczkowska 2012, 299)

Study states that crucial skill for driver in dangerous goods transport is capability to control
emotion and be patience. It has proven that despite all the orientation, knowledge and
controlling, mistakes can happen which leads to accidents, if driver let emotions or other
distractions to take control. There is a conclusion that it is basically impossible to avoid
situation where human error is not a factor while human is driving a vehicle. (Grabarek &

Beczkowska, 2012)

Maslac et al. (2017) determined in their study the risky behaviours of the drivers in transport

of dangerous goods. They founded that these drivers differ from general goods



transportation's drivers in many ways, like, on driving skills, experience of driving and
attitudes towards other drivers. Despite already experienced driving skills, study stated that
transport companies carrying dangerous goods should offer training and education to their
drivers in order to decrease risky behaviour during carriage, because risky behaviour is

increasing the possibility of traffic accident (Masla¢ et al., 2017).

Several studies (Grabarek & Beczkowska, 2012; Masla¢ et al., 2017; Niu & Ukkusuri, 2020)
had founded that driver's performance and behaviour have major relations to the safety level
of the DG transportation. According to Niu & Ukkusuri (2020) driver's safety factors are
such as driving experience, personality, risk behaviour, attitude towards safety and driving
skills. Masla¢ et al. (2017) had similar findings in their study. Despite the driver's well
maintained safety factors, the risk of the accident increases, and transport is more exposure

to the risks when the mileage of the transports increases (Niu & Ukkusuri, 2020).

According to Izdebski et al. (2022) deciding the safe transport route by using the vehicle
specific perspective or checking the cargos suitableness for the vehicle are two perspectives
in the transportation of dangerous goods where the risks of accidents have been analysed
and considered before the transport. Tensity of traffic and environmental factors, such as
exposed population or nature reserves, differ between transport routes, therefore route
selections can have big effects to transport's risks and possible outcomes of accidents

(Lundin, 2018).

Based on the studies conducted by Izdebski et al. (2022) and Liu et al. (2012) technology
can be key to improve safety and efficiency at transport of dangerous goods and ease the
drivers' responsibilities. Internet of things (IoT) and other developments of technologies
have provided more support for transport management. With IoT technologies companies
have been able to monitor and track the movement of dangerous goods. This have seen to
improve transportation processes to become more efficient and safer due the stricter
supervision and accurate information about the vehicle's and driver's status to the transport

companies. (Liu et al., 2012)



2.4 Autonomous vehicles & delivery robots

In this chapter is presented findings on the existing literature regarding autonomous vehicles
and autonomous delivery robots. There appears to be a lack of research on the transportation
of dangerous goods using autonomous vehicles, this research is aiming to audit the gap by

combining the existing literature in different field of science.

What the features do? | Features examples

Human driver's obligations -
These are driver support features

Human is driver, whenever the driver support features are
engaged - even if driver's feet are of the pedals and driver

are not steerin Features are limited to Automatic emergency
LEVELO " g - providing warnings and braking, blind spot warning,
Human driver must constantly supervise these support .
o momentary assistance. lane departure.
features; steer, brake, accelerate as needed to maintain
safety.
Human is driver, whenever the driver support features are
engaged - even if driver's feet are of the pedals and driver . .
are not steerin Features provide streering or Lane centering or adaptive
LEVEL 1 - £ - brake/acceleration support to K & P
Human driver must constantly supervise these support the driver cruise control.
features; steer, brake, accelerate as needed to maintain '
safety.
Human is driver, whenever the driver support features are
engaged - even if driver's feet are of the pedals and driver . .
t steeri Features provide streering or L tering and adanti
are not steering. . ane centerin adaptive
LEVEL 2 g brake/acceleration support to & P

Human driver must constantly supervise these support cruise control.
features; steer, brake, accelerate as needed to maintain

safety.

the driver.

These are automated driving features

Human driver is not driving when the automated driving

featrues are engaged - even if human is seated in "the | Features can drive the vehicle

LEVEL 3 driver's seat". under limited conditions and Traffic jam chauffer.

When the feature requests, human must drive. will not operate unless all
required conditions are met.

Human driver is not driving when the automated driving

featrues are engaged - even if human is seated in "the | Features can drive the vehicle Local driverless taxi.
LEVEL 4 driver's seat". under limited conditions and
These automated driving features will not require human will not operate unless all .
o ) - Pedals/steering wheel may or
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Figure 1. SAE International's levels of autonomous driving (SAE International, 2021)

According to (SAE International, 2025; Sever & Contissa 2024) SAE International (formerly
known as the Society of Automotive Engineers) has a mission to advance knowledge about
mobility and solutions for it, and being a global association of engineers and technical
experts in field of vehicle industries. Therefore, SAE International have published a standard

to clarify and guide transport sector with the different solutions of driving autonomation



systems (DAS) in the vehicles from no automation to full automation, all the levels are
presented in figure 1, which were modelled after SAE International's (2021) figure. (SAE
International, 2021). Several literatures, including Finnish government (Miettinen, Riihela
& Suomento, 2024; Sever & Contissa 2024) have used SAE International's automation levels

as a standard in their papers and on the regulatory work.

This research focuses on the SAE Level 4 and 5. According to SAE International (2021)
automated driving system (ADS) will be responsible and performing the driving tasks on the
SAE levels 3 to 5, but on the level 5 ADS is performing completely all the tasks. According
to Sever & Contissa (2024) terminology about autonomous vehicles can be misleading, they
founded that autonomous and automated are not always understood as synonyms, for
example in EU regulation 2019/2144 have been used these definitions separately. Therefore,
SAE International (2021) stated that for combinations of vehicle and system that does not
contain human interpretation at all, definition would be Automated Driving System (ADS).
In this research "autonomous vehicles" is used as synonym of ADS referring to vehicles that
has an ADS and moves on land, including autonomous delivery robots. According to Finnish
Ministry of Transport and Communications (2024) in future's Finnish regulation about
automation in road transport will be used the same definition, automated driving system, to

define the responsible party for driven the vehicle instead of a human.

Heimfarth et al. (2022) presented that transport sector would need innovative end-to-
customer delivery solutions in future to tackle the trend of increasing traffic congestion and
pollution in urban areas. This was noted also by Kapser & Abdelrahman (2020) in their study
in way that current traditional practices of transportation cannot keep up with the pace of
changing logistic environment. Related results were presented by Alverhed et al. (2024) and
Sever & Contissa (2024), they stated that increasing urbanization and expected growth of e-
commerce have pressured the transport sector to solve challenges in end-to-customer
delivery or so called last-mile delivery. Self-driving vehicles were seen a future tool that
supports the sustainable development globally. Study conducted by Heimfarth et al. (2022)
provided a result where last mile self-driving delivery robots would offer an option against
traditional truck delivery. Delivery robots would be valuable option for certain type of goods
in the customer-end-delivery phase, trucks would take care the terminal-to-terminal

transports.



One necessary factor of the last mile delivery's autonomous future is customer's acceptance.
Transport operators need to gain trust and provide encouraging experiences to the customers
already in early development phase. Autonomous delivery vehicles may have an enormous
potential in last mile delivery, but that is not enough to gain the public acceptance.
Autonomous usually frightens people. Generally autonomous delivery vehicles are still in
early developing state and the researches and experiences of the level of public acceptance

are still in process. (Kapser & Abdelrahman, 2020)

According to Heimfarth et al. (2022) truck-and-drone and truck-and-robot delivery
combinations are competitive options in future. In these combinations drone or delivery
robot operates the last-mile delivery. Study found that robots have high safety and
sustainability levels against different weather conditions compared to drones. Also,
autonomous delivery robots have less regulatory requirements, as aviation is heavily
regulated. Due to these strengths, delivery robots are expected to be adapted in action at the
cities. Study conducted by Alverhed et al. (2024) presented four themes which are used to
evaluate autonomous delivery robots. Themes were operations, regulations, infrastructure
and acceptance. Study stated that customers could pick up their goods more rapidly from

delivery robots, and so the time goods are on the delivery could decrease.

According to Alverhed et al. (2024) in certain simulation models autonomous delivery robots
does not significantly decrease CO2 emissions of the last-mile delivery compared to
traditional truck transport. In other hand these simulations have shown that customers
appreciate the possibility to select the specific delivery time which is a feature for delivery
robots. Other notable perspective is congestion on roads and road users. Increasing use of
sidewalk using autonomous delivery robots, would decrease congestions on roads in tight
urban areas. In other hand, robots on the sidewalks would cause other risks, such as
questioning the safety of pedestrians and sidewalk's infrastructural capacity. According to
Sever & Contissa (2024) the objective for autonomous vehicles or automated driving

systems (ADSs) are ensure safer driving conditions for all road users.

2.4.1 Autonomous delivery robot's regulations

Alverhed et al. (2024) presents an overview about existing regulations and policies for

automated delivery robots. According to Sever & Contissa (2024) current national



regulations in EU countries for autonomous vehicles mainly focus on the testing phase, not
practical use. Study conducted by Hoffmann & Prause (2018) stated that only few countries
have adapted regulations for autonomous delivery robots. Estonia seems to be a leading
country in Europe having regulated that how robots should share sidewalks with humans.
Few states in the United States have put in place regulations for robots, these regulates
mainly maximum weight or speed limits for delivery robots. Alverhed et al. (2024) stated
that land-robot manufacturing companies have challenges with the different level of
regulations for autonomous delivery robots. Focusing and developing on a certain business
model is hard when every country treats the autonomous delivery robots in their own specific
way. Study conducted by Sindi & Woodman (2020) stated that lack of standardization from
governments or European Union is a barrier to adapting autonomous delivery robots for high
volume use. The study criticized policymakers for lacking behind with the regulations or
missing it at all despite the fact that autonomous delivery robots is technology that is
developing fast. According to Sever & Contissa (2024) harmonized regulatory framework is
the key to reach the state where autonomous vehicles are used beyond national borders and

therefore contribute more effective sustainable development.

According to Oakey et al. (2022) despite the Europe's transport of dangerous goods legal
framework, the ADR-agreement, is updated to meet the changes in technology in every two
years, regulations does not have an interpretation for using connected autonomous freight
vehicles CAV-Fs to transport DG. Study also states that generally there seems to be a lack
of knowledge or understanding of the possibilities that new generation's transport modes can
offer for safety and quality of transporting items or substances that are classified to be

dangerous during transport.

According to United Nations (2025) agreement named The Vienna Convention on Road
Traffic from 1968 is treated as a legal framework for international traffic to harmonize traffic
regulations in Europe. Same kind of status has a Geneve Convention on Road Traffic from
1949, which mainly includes driving permits legal instruments while The Vienna
Convention has covered all road traffic aspects. These two international agreements requires
that vehicle need to have a driver (Miettinen, Riiheld & Suomento, 2024). At 2022 on The
Vienna Convention on Road Traffic where added amendments which were published by
UNECE (2020). According to (United Nations Economic Commission for Europe, 2020;

Miettinen, Ritheld & Suomento, 2024) these amendments did contain a new article 34 bis,



named "Automated driving", which did define that the requirement vehicles need to have a
driver can be covered when vehicle is having ADS which meets certain international and
domestic legal and technical requirements, which are defined in article 34 bis. At 2022 on
The Vienna Convention on Road Traffic were added also definition for "Automated driving
system", which refers to a system in vehicle that uses both software and hardware to sustain

dynamic control of a vehicle during transport. (Miettinen, Ritheld & Suomento, 2024)

In Finland, Ministry of Transport and Communications have started a regulatory process to
change legislation to have amendments added in the legislation to meet the requirements of
road transport automation. Ministry have asked public comments on the memorandum
assessing legislative amendments at spring 2024 (Finnish Ministry of Transport and
Communications, 2024). According to Miettinen, Riiheld & Suomento (2024) UNECE have
launched a working group GE.3/LIAV at 2021 which are obligated to draft legal instrument
which could regulate the use of autonomous vehicles in road. Working group GE.3/LIAV
published a draft of this legal instrument at 2023 and despite the slowed pace of work in
GE.3/LIAV, the published draft is considered as the further international thinking and legal
drafting related to use of autonomous vehicles on road. Finnish government were part of the
drafting process of this legal instrument draft and therefore Finland is using it as a guideline

during their regulatory process. (Miettinen, Riiheld & Suomento, 2024)

One of the main reasons behind Finnish regulatory process to have amendments on the
legislation about the road transport automation is define responsible parties during
autonomous transport. They have been defined in the memorandum Automated Driving
Provider (ADP) which are operators that provide the autonomous transport services. This
ADP would basically replace the human driver in the context of responsibilities, ADP should
carry all the responsibilities and duties during carriage what the traditional human driver

would have. (Miettinen, Riiheld & Suomento, 2024)

2.4.2 Autonomous transport of dangerous goods

According to Bridgelall (2022) autonomous aircraft can decrease the risk of transporting
dangerous goods by eliminating the human factor from the transport operator. Recent studies
have shown in the United State of America, that human error has caused several road and

railway transport accidents. Bridgelall (2022) presents that the true potential of the



autonomous dangerous goods aircraft is unknown, but there are several factors that promises
low accident risk during the aircraft compared to the road transport. Study also
acknowledged future challenges for the adoption autonomous drones for the dangerous
goods transport. Challenges were current policies and finding suitable and safety
containers/packages for the specific cargo. Regulators should be in same page with the
developments and safety requirements, that the policies would allow the markets to adapt

new technology. (Bridgelall, 2022)

Study conducted by Oakey et al. (2022) researched how transporting dangerous goods by
autonomous road vehicles in United Kingdom (UK) is regulated currently and what kind of
gaps in the regulation may be. In their research classified dangerous goods were medical
products and medicines. Study founded that ADR-agreement's section 1.4 regulates different
roles in transport chain, eight in total, and responsibilities to these roles, which are relevant
to DG transport done by autonomous vehicle. Driver is one of these regulated roles, which
have set responsibilities and obligations. According to United Nations Economic
Commission for Europe (2023a), where driver is writing by the carrier, driver is responsible
for the practical transportation of the dangerous goods and fulfilling duties listed in section
1.4.2.2 of the ADR-agreement, such as visually confirming that vehicles and loads have no
leakages, cracks or defects and in case of some the requirements of ADR-agreement are not
met, driver can't continue transport until requirements are fulfilled. Study of Oakey et al.
(2022) stated that with autonomous vehicle there is not a designated driver, so the company
who is operating the carriage and having the control of the vehicle shall be responsible of
the driver's duties. Several sources (United Nations Economic Commission for Europe,
2020; Miettinen, Riiheld & Suomento, 2024) had similar thoughts about how the regulatory
responsibilities should be shared and determined in autonomous transport, to be able to give

sanctions to correct party.

Oakey et al. (2022) founded that loading and unloading are more important procedures in
the transport chain with the DG transport of autonomous vehicles than with human driver.
Consignor and packer have responsibility to make sure that dangerous goods are packaged,
and packages are marked according to the ADR-agreement requirements. Loader is the last
one to handle the goods before autonomous vehicle begins the transport. Loader handles the
load segregation of goods inside the vehicle, which have significant impact to transport

safety. Study stated that training of these loading personnel has a crucial impact to sustain



the transport safety. Generally, the study founded that documentation and transparent
information sharing are an access to high level of transport security and safety during
transport of DG with autonomous vehicles. Also, study founded that with DG that have high
value or high security level, such as explosives, can raise interest stealing the cargo, therefore
one way to tackle the possibility of theft of the goods would be construct autonomous
vehicles with body armouring, special locks, monitoring systems and other type of security

factors what are used in traditional cash transports. (Oakey et al., 2022)



3 Methodology

In this chapter is presented the chosen methodology for this study and provided shortly
reasoning behind the selected methodology. Methodology selection is based on the aim of

this research and with the limitations of this special transport sector.

3.1 Research Design

This thesis is qualitative research based on case study commissioned by Finnish Transport
and Communication Agency Traficom. According to Aspers & Corte (2019) qualitative
research includes intensive interviews and focusing on understanding experiences and
processes it can lead to more accurate results than quantitative research. Study conducted by
Waalkes et al. (2024) stated that method used to get answers to questions from subjects in a
real-life setting, is often qualitative research method. In addition, according to paper the
qualitative research has used when the study's aim has been to address problems or create
change. Transport of dangerous goods is very specific field of expertise and in European
level the expertise have focused on certain authorities and companies, therefore qualitative
research offers a better method to obtain and analyse data that is needed to fulfil the
Traficom’s assignment, also the aim of the research is to boost possible change in the field

of transport.

This qualitative research contains expert interviews, these experts are selected from the small
group of experts in Europe. Interviews are collected from two separate groups; Traficom's
personnel and other European government officers. Context of the research is the Traficom's
perspective which is the legislator and inspector perspective in Finland. Due to the
compliance of dangerous goods transport legislation the context will contain also other EU

member states' perspective.

3.2 Interview Protocols

Research interviews contained 10-20 questions and were semi-structured interviews. On the

forming and testing the questions were guided by Traficom's experts. According to



Bakkalbasioglu (2020) purposive sampling method is widely used in research where is
determined interview participants based on some specific criteria and these participants may
be hard to reach. Therefore, sampling method for this research is purposive sampling, which
is strategy for a qualitative research sampling. It means that only those participants have
selected that either address the knowledge of transport of dangerous goods and are in
position to make changes or influence on the legislation of transport of dangerous goods or
secondly have knowledge and experiences about the autonomous road vehicles in general.
To rely on the purposive sampling method meant that participant was selected carefully and
taking into account the participants accessibility to researcher. This research's field is very
specific and to gain valuable data throughout interviews, the participants need to be selected
deliberately. Purposive sampling method assures that researcher have the capability to
choose the participants based on the suitability to aim of the research. Study conducted by
Bakkalbasioglu (2020) founded researchers using purposive sampling faces difficulties to
gain access to the wanted participants. Whilst this research is commissioned by Traficom,
this research had a possibility to use Traficom connections and it had a positive effect on

gathering the participants on the research.

3.3 Data collection process

Data collection contained structured interviews. Process started pre-testing the interview
questions. Pre-testing means that questions are understood correctly by the respondent. After
pre-testing was a pilot testing, where the questions were asked to the test persons and focus
was on their answers, will their answers provide needed information to researcher. Last pre
phase was full sample selection. In sample selection phase the hoped respondents were
contacted to participate in this research. This research was commissioned by Traficom, so
interview proposals were done in the name of Traficom. In Finland government authorities
have a solid reputation and especially in field of transport, citizens and other countries
authorities believes that cooperation with Traficom is an opportunity to affect things, affect
the field of transport. This was believed to have positive impact to gain needed number of

respondents.

Interviews were held on online through the Teams-meeting platform. and Interviews were

recorded with participants' consent to sustain the quality of collected data and secure that



participants were understood correctly. Transcription process of the interviews was two-
phase, the raw draft of the interview was conducted by Teams-meeting platform's automated
transcription feature. Researcher went through all the interviews and corrected the draft
made by Teams. Each interview was conducted in English and each interview was held
separately, so there was possibility for fruitfully conversation with no limitation. This
research included total five interviews, each from different northern European country. In
two interviews there were multiple representatives from the authority to cover all the
possible aspects at the interview. In the data analysis they are treated as a one source because
they represent the same nation, despite the fact that there were multiple persons participating.
In the table 2 below is presented details of the participants in the research interviews, their
valuable experience in the field of transport of dangerous goods or in the field of autonomous
vehicles. In this research's data analysis, there are referred to these interviews using the

source numbering presented in the table 2.

Table 2. Interviewee details

Source Participant(s) Year of experience | Authority's country
1 1 +15 years Finland

2 2 7-30 years Sweden

3 1 +10 years Belgium

4 3 8-20 years Denmark

5 1 +10 years Netherland

3.4 Data Analysis and triangulation

Method for the data analysis is thematic analysis. According to Percy et al. (2015) thematic
analysis is highly used method to analyse people's opinions and statements which can lead
into several qualitative interpretations. Percy et al. (2015) stated that thematic analysis is
suitable for analyse data which is collected through a semi-structured interviews and data
contains subjective experiences, beliefs and attitudes. This research's data were gathered
from semi-structured interviews and data contains a subjective experiences and beliefs,
which were gathered to investigate experiences of the participants, therefore thematic

analysis was suitable method for data analysis to identify and find common themes from



data, in data analysis phase the data were sorted in eight thematic sections and data is mainly
an open data. Numeric data is based on the few yes/no -questions and open data is rest of the

data; open questions and other observations from interviews.

Data validation is important for the research's effectiveness. According to Weis & Willems
(2017) the validation of data is a method to ensure that data actually provides information to
meet the research objective. In this research where data is gathered from respondents
representing different government authorities it is crucial to validate data. Validation ensures
that researcher has a cleared picture of the data, to have more accurate results and lower the
risk to forming incorrect hypotheses. Validation process started already in testing interview
questions and assuring that answers will be correct ones. Using multiple-choice question is
one method to standardise the data, but in this research multiple-choice questions were not
used, because that would have been limited the participant's answers. The interviews in this
research were recorded so misunderstandings or miss-reads can be excluded, because

researcher can double check the answers from the transcript.



4 Results

In this chapter, all the necessary findings from the data analysis are summarized. Data were
analysed using thematic analysis to identify common patterns and differences on data.
Research interviewees were presented in the table 2 in the chapter 3.3 at this paper. Starting
from this chapter, this research uses the coding; Source 1, Source 2, Source 3, Source 4 and

Source 5, to refer the answers and findings from the research interviews.

4.1 Legislation's scope of application

The interviews provided information that transport of dangerous goods legislation’s scope
of application differs in the European countries. Sweden and Denmark have applied

domestically broader scope of application than the EU directive (2008/68) have.

"We use the scope of ADR and we have more vehicles in Denmark which we
consider falling under the scope for national transport and it’s all vehicles that

have a registration plate." (Source 4, 2024)

According to Source 4 Denmark has widen their legislation's scope compared to EU directive
and they use the ADR-agreement's looser scope and therefore they have adapted two and
three wheeled road vehicles that have a registration plate in Denmark to fall under the

transport of DG scope of legislation in Denmark.

In Sweden they have domestic regulation called the Swedish Road Traffic Definitions Act,
which includes the general definition for vehicle and motor vehicle. In terms of general road

traffic, they follow these definitions also in transport of DG legislations.

"The term “Motor vehicle” includes vehicles intended to be used on the road
and consists of e.g. trucks and cars with at least three wheels, motorcycles and
mopeds. In this sense, the term “moped” is quite wide, including two-wheeled
motor vehicles with a maximum speed of 25 km/h." (Source 5, 2024) (Source

2,2024)

Therefore, certain two and all three wheeled vehicles fall under the scope also in Sweden.

Motorcycles and mopeds are included in the "motor vehicle" definition, so the vehicles



which meets the definition of motorcycle or moped are included. According to source 3

Belgium have translated the ADR-agreement into their national legislation.

"We didn't enforce any parallel legislations into scope of application, it seems

that we could have". (Source 3, 2024)

Analysis showed that it is possible to transport dangerous goods on road using two or three
wheeled vehicles in Sweden, Denmark and Belgium. Despite this, all the participants did not
have a consensus on the legislation's scope of application. Netherland have followed EU

directive's 2008/68 definitions in their national regulation.

"That (definition) is coming from the EU directive 2008/68 from the European
commission for inland transport of dangerous goods, and if you look at Article
2 section 4 there is the definition giving for the vehicles. Regarding it at least

four wheels and a maximum design speed exceeding 25km/h" (Source 5, 2024)

In Netherland, according to Source 5 vehicles that falls under the scope of application are

motor vehicles that need to have four wheels.

Analysis proved that all the four countries had a consensus in readiness to discuss about the

possible changes on the scope of application and its possible harmonisation.

"If there are new developments and that makes sense to change the definition.

We are open for that..." (Source 5, 2024)

"If the question is open in EU or in the WP15, we would work in that." (Source

4,2024)

Research showed that Denmark have provided document ECE/TRANS/WP.15/2023/5 -
Scope of ADR to UNECE’s Working Party on the Transport of Dangerous Goods (WP15) to
inform other ADR-agreement countries about their national scope of application and to begin
discussions about the ADR-agreement's scope of application. WP15 is a working group
where all the ADR-agreement's members gather together to draft and decide the future
amendments on the ADR-agreement. According to source 4 discussions between other

countries about the scope of ADR have showed that opinions are divided.

"Some say that if it's allowed in ADR (agreement), it's not forbidden. And
some say if it's not forbidden, it's allowed." (Source 4, 2024)



There is two different point of view. This kind of variations in the European countries'

perspectives can make it difficult to achieve consensus about the interpretations.
4.2 Experiences and challenges in past

Data analysis provided information that countries does not have a clear picture of the
operators in the field of dangerous goods road transport. There is no permission to be applied
to be able run carriage with the dangerous goods. Operators do not need to inform

government authorities.
"They can transport dangerous goods without telling us" (Source 4, 2024)

"We do not do any control on non-traditional vehicles because that's not a

ADR-transport" (Source 3, 2024)

Despite the unclear overview countries have been able to gather experiences from the field.

DG related experiences with non-traditional vehicles

3
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0 . . .

Type of experience

Countries with experiences
=
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Figure 2. Analysed experiences with dangerous goods related inquiries to transport or
happened transport (Sources 1-5, 2024

In the research interviews from the government authorities were gathered experiences or
situation were there have been inquiries or real-life cases that somebody has been interested

to transport dangerous goods on road using something else than traditional truck. In figure 2



in presented the deviation of participant's experiences, y-axis is the number of countries with

the certain type of experience, there volume of experiences is not included.

"We have some situations with the last mile delivery. Where we expect in the
future that might be some minor vehicles transporting dangerous goods..."

(Source 4, 2024)

As showed in figure 2 two wheeled vehicles (motorbikes) were the most common one. Three
out of four countries allow two wheeled vehicles to be used in dangerous goods transport
when certain requirements are met. One country had had already discussions with company,
that they might be interested to transport certain dangerous goods by autonomous robot in
future. Three out of four had had at least inquiries or some kind of pilot testing for

autonomous delivery robots in general goods transportation.

When asked, have the countries faced challenges with their current road transport of
dangerous goods legislation's scope of application, answers did distinguish between yes and

no.

"We haven't because we have our own definition in Denmark, so no difficulties

here" (Source 4, 2024)
"Except for tractor, but otherwise we have no problems" (Source 3, 2024)

Difficulties were not raised so much nationally, but there was found that challenges might

arise if some means of transport would be used across the Europe.

"If some countries wouldn't regulate some kind of vehicles and we do. Then
we would like to discuss for exemption. That exemption might not needed from

other country's perspective. Then it could be problems." (Source 2, 2024)

When asked do the different interpretation of the vehicle definitions question the fairness of

the dangerous goods transport sector, opinions were somehow on same page.

"No, not really... you cannot easily replace a 40-ton trucks by bikes" (Source

3,2024)
"No." (Source 4, 2024)

"Now it's more national transport what would be affected. (due the different

interpretations) But it could have some effects." (Source 2, 2024)



"From the fairness perspective it might not be as good than competitive

neutrality." (Source 2, 2024)

"I don't think it’s have a very big impact at national level for different countries.

So, I don't think it's an issue with the level playing fields." (Source 5, 2024)

It seems that current situation where the different interpretations of the regulation's vehicle
definitions affect only the national transport sectors and countries seems to be satisfied with

the current situation as long their domestic interpretations are as they stand.

"If the transport is not restricted to the Netherlands, but also goes to Belgium
or for example Germany, then you have a problem with the level playing field."

(Source 5, 2024)

"We find that we will have to maintain our bigger scope in Denmark." (Source

4,2024)

Differentials with the scope of applications are mainly that you either can transport
dangerous goods with three or two wheeled vehicles or you cannot. Therefore, most of the
countries do not see any significant issues. It is hard to replace the amount of goods that
traditional trucks can carry with the small two or three wheeled vehicles as Source 3 stated

earlier and Source 2 had a similar thought by stating the comment below.

"Naturally if you have very small eBike, with no power, you can't get that much

goods with you." (Source 2, 2024)

Source 2's comment shows that they are not very worried about the affection of eBikes or
other two wheeled vehicles in the sector of DG transport. Results showed that they have no

safety concerns what comes to the carriage of DG with these non-traditional vehicles.

4.3 Harmonized scope of application

There seemed to be a consensus between countries, that harmonized interpretation of the
regulation's vehicle definition or legislation's scope of application would be the best

scenario.



"We would strongly prefer that we use international harmonized interpretation.

Instead of that we all have our own interpretations" (Source 4, 2024)

"We would be very happy if we have a harmonised approach so that every

country use the same interpretation of vehicles..." (Source 5, 2024)

"And the best thing is have a harmonized definition. Harmonization is the most

beneficial way..." (Source 2, 2024)

Countries that have the broader scope of application were also more into it to be ready to
discuss about the matter. For an example, the Denmark's initiative in the Working Party 15,
where they wanted to be transparent with their broader scope of application and implement
the seed of thought into other countries heads that this can be done differently and there have
been no safety concerns. Also interesting were that Denmark was ready to accept vehicles
carrying dangerous goods into Denmark's roads from Germany or Sweden if they were
complying their national (German or Swedish) requirements, despite that if they have
different interpretations in those countries than Denmark has. This shows that harmonization

or equal rules are wanted; Denmark does not want be an obstacle for fair transport sector.

"Those special national requirements are just for national transport, that means
transport within Danish borders. But we would accept the ADR scope from

other countries" (Source 3, 2024)

Denmark did raise the fact that countries mostly rely on the international regulations and
other European authorities. If other member state has accepted that transport is done
according to the requirements, Denmark have no intension to question it. Although Denmark
did notice that always countries does not have a consensus, which were noticed during the
discussion about the legislation's cope of application in Working Party 15, therefore the legal

harmonization on the paper would be the thing to be pursued.

One raised opinion was that the vehicle itself should not matter. Safety should be considered
as a combination of several factors. All the possible hazards related to transport, such as
other road users, traffic, weather, infrastructure conditions, should be put together and then

consider can the transport be done.



"We believe that it should be the dangerous means (hazards) that should be

considered not the vehicle... It depends on the load, not really what kind of

vehicle is." (Source 2, 2024)

According to Source 2, when the possible work towards harmonization begins, there might
be room for widen the perspective towards more widen and pervasive perspective, where the
legislation's scope of application might be more combination of several factors than just

technical analysis of vehicle.

4.4 Driver

Analysis showed participants believes that driver has a big key role in the dangerous goods
transport chain. The perspective did not differ between countries, despite the fact that every
country has their own specialities in their transport sector, Sweden with long distances and

Belgium with tense traffic for example.

"So the driver's role, we think with all the knowledge about the goods and route

and vehicle." (Source 2, 2024)

"The role of the driver is to be there and to take care...It's very overall" (Source

4,2024)

"Actually the driver is very important in the transport chain, so if something
happens he can act very quickly...The driver is one of the important actors in

the transport chain to guarantee safety transport." (Source 5, 2024)

All the participants pointed out that driver has more responsibilities than just drive the
vehicle. Driver is in the position where is possible to avoid accidents or greater hazards to
happen. Safety of the transport was highlighted when participants thought the driver's role

in the current transport sector.

When asked to compare driver's role in general goods transport and dangerous goods

transport, participants had consensus that there are differences in the driver's role.

"We think that big difference is that knowledge about the dangerous goods.

How to act in case of accident or incident." (Source 2, 2024)



One participant did arise a perspective, that drivers transporting dangerous goods are under
higher risk and having more responsibilities than drivers with normal cargo. This was well
acknowledged by the participants and Source 2 did raise the driver training perspective, what

have crucial role to help drivers succeed in their duties.

"We ask a lot of things to drivers...The driver is not only the one that drivers
the truck. He/She has got some other obligation in the ADR..." (Source 3,
2024)

4.4.1 Definition of the driver

One aspect to cover in this research were to discover how different countries interpretates
the definitions of the driver in context of transport of dangerous goods. Analysis provided
that most of the participants interpretates the driver in same way, which is very broad way

and there seems to be a lack of the regulation-based definition.

"The driver is not defined in the ADR, not in the appendix, not in the agreement.

Also not in the EU directive, never." (Source 5, 2024)
"We don't have any official definition of the role of the driver." (Source 2, 2024)

"I think it would be very helpful, especially in the regulations for transport of
dangerous goods where we are talking to go to get some clarification... a

clarification of what we understood under a driver." (Source 5, 2024)

In the ADR 2023 agreement's chapter 1.2 is the Member of a vehicle crew definition.
Participants thought member of a vehicle crew definition is quite clear, but that definition
does not define driver. The member of a vehicle crew definition was analysed to be overly

broad definition and countries did not have a problem with that definition.
"...you can put almost anything in that definition." (Source 4, 2024)

Participants provided opinions that defining the driver in the DG transport regulations might

be difficult due the complicated practical role of the driver.

"It is difficult to have definition that everyone can agreed on. Too complicated,
because there are so many different situations where driver can do something."

(Source 2, 2024)



4.4.2 Future with driver and aiding systems

One themes in the data analysis were the future of the drivers and possible combination of
the driving assistance systems in the car. The data were collected mostly from the dangerous

goods transport perspective.

"We believe that technology will take over more and more...We have to adapt

in future's development." (Source 2, 2024)
"We know that there are a lot of new technologies." (Source 3, 2024)

Data showed that countries are willing to adapt driving assistance systems increasingly on
the vehicle to ease the drivers' burden on the dangerous goods transports. Systems can be
seen a way to support the driver to avoid accidents, for example assist to hit breaks. This

kind of development were seen as a positive direction.

"Maybe the future's driving system will provide broader scale of aids. The

driver might have more supervising role than before." (Source 2, 2024)
"Must be there to observe and to call for help if necessary." (Source 4, 2024)

In the driver section at the interviews, one covered aspect were the attitudes towards the

autonomous vehicles, more specified: the removal of the driver from the vehicle.

"The removal of the driver in the cabin, I am not very fond of that." (Source 3,

2024)

"We would not say yes to a remote driver with dangerous goods." (Source 4,

2024)

"Have a system that aim to replace the driver, so we should be a little bit

reluctant to that..." (Source 5, 2024)

Consensus were strong among the participants that they are not willing to remove the driver

from the vehicle at the transport of dangerous goods.

One aspect that raised were that on the electric vehicles there is a requirement to warn the
driver in case of heat increasing on the batteries. Therefore, there have been safety opinion
from the general road traffic aspect that there must a driver in the near of the vehicle.

Participant showed that as an example, that on the transport sector, there is simultaneously



going on different developments and trends, where the knowledge and experiences can be

gained.

4.5 Autonomous vehicles

In the research interviews data were collected to understand the regulation's current relation

to autonomous vehicles or autonomous delivery robots in the field of transport of dangerous

goods.
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Figure 3. Would the current regulations allow to transport dangerous goods on autonomous
delivery robots? (Sources 1-5, 2024)

As showed in figure 3 all the participants did have the same answer; current regulations do
not allow to transport dangerous goods on the autonomous vehicle, any kind. Reasons to it
were clear, driver needs to be present during the carriage or the legislations does not allow
autonomous vehicles on the roads at all. In this case transport regulations generally don't

allow autonomous vehicles on the road; the quality of the goods is irrelevant.

Despite the clear no in the current world, participants were asked to share their opinions
towards the autonomous vehicles or autonomous delivery robots in future, in general goods

transport and in dangerous goods transport.

"We see more autonomous driving in the future, but by now we would not

allow dangerous goods..." (Source 4, 2024)



When asked what kind of advantages the autonomous vehicle could have compared to the
human driver steering the vehicle, participants did provide various advantages that could
arise. Even though these advantages are mainly on the theoretical level and advantages are
presented only on one perspective, meaning there might arise other challenges or aspect to

take care despite the one advantage.

"It would have some advantage, for example normal driver can only drive eight

hours per day...So OK it would be faster, faster this way." (Source 3, 2024)
"...it would be a solution to some of our problems." (Source 3, 2024)

"Lack of drivers is the one of the main reasons, why automation is developed

in transport sector, there are simply no drivers." (Source 1, 2024)

Participants did raise the limitless range of action time on the autonomous vehicles as an
advantage compared to driver-based transport, where driver's working hours has to follow a
regulation (EC) 561/2006. Source 3 stated that autonomous vehicles could be solution for
some of their current problems. One of the challenges Source 3 and source 1 mentioned was
the lack of professional drivers in Europe, challenge that concerns the whole transport sector.
Autonomous vehicle could be a solution to that issue, due there is no need for driver at all.
But in the next sentence Source 3 highlighted the fact that driver does not only drive the
truck in the transport of dangerous goods, driver' has other obligations too; could the system

handle it also?

Source 1 pointed out one totally different argument. Federations of humans with disabilities
are presented concerns against the autonomous delivery robots. Federation of the Visually
Impaired would like that autonomous delivery robots would constantly produce a chirping
sound so visually impaired humans could detect robots that use the pedestrians' line among
the pedestrians. This in other hand would cause more noise pollution in urban areas. There

are lot of different factors that needs to be taken care.

4.5.1 Safety and security aspect

In the research interviews one theme were safety and security aspects of the non-traditional
road transport vehicles, such as autonomous vehicles or three/two wheeled vehicles. Safety

and security aspect were firstly asked without any guidance. After the first reflections from



the participants to safety aspect, to participants were presented the fact that the most common
reason accidents happen during transport is the human error (Masla¢, et al., 2017; Sever &
Contissa, 2024). Mostly the human error of the driver or other road user. All the participants
were not so familiar about the autonomous vehicles; therefore, this kind of fact were shared

to ease their way to produce answers.

Firstly, participants stated that autonomous vehicles might improve transport safety in some
way. Systems can react more immediate than the person behind the steering wheel can and
removing the driver would lower the accidents due the human error, but there might be then
digital errors instead. Source 3 shared experiences from the North America where
autonomous vehicles have stopped during carriage because system have faced something
unknown. Source 2 shared their experiences at their national university's pilot testing of

autonomous bus few years ago. Testing showed that all kind of different problems can occur.

"I do not want to have a truck with dangerous goods with explosives or
something like that to stop at in the middle of the road because there is

something unexpected." (Source 3, 2024)

"They might just test to throw a ball in front of the bus and then it stops and
then it will stay there until comes to a mechanic person to help off the

situation." (Source 2, 2024)

As source 2 stated, there is a lot of things to work and think through before this kind of

experiences can be turn into positive and safety trust.

Source 4 pointed out that they do not have calculations or enough research data to be able to
say how the safety environment would change in case of autonomous vehicles would be used

in transport of dangerous goods.

"Everybody say that, if you could eliminate the driver, it would be more safe

in the traffic. But if that's right or wrong, I don't know." (Source 4, 2024)

"The fundamental of the autonomous driving is, that 96% of the road accidents
that leads to death of human or serious injury happens due to human error. If
you take human driver of the transport chain, accident will decrease." (Source

1,2024)



Source 1 did face the situation more from the technology side, but did share also experiences

from other transport modes that generally the development of automation or autonomous

driving systems is based on the fact that it would be safer option to transport things.

"Surely will affect to road traffic safety in positive way. Sensors and cameras
will be so good, that autonomous vehicles will not crash into others. It will so,
that human drivers will crash onto these autonomous vehicles." (Source 1,

2024)

Source 1 was certain that technology is or will be good enough that accident will not happen

due the autonomous vehicles. Source 3 did think same thing from different perspective.

Source 3 pointed out an aspect of human road users that are used it to other humans and

anticipate human actions. But if you add autonomous system on the mix, concern would be

how the system will guide the vehicle or is the autonomous system able to manage all

reaction of human.

It seemed that most of the participants were expecting other kind of challenges arising with

the use of autonomous vehicles due the reason there is no driver. Security concerns of the

systems where aspect that raised from several participants and also the lack of action in case

of accidents.

"There 1s no one to take over the autonomous vehicles or if it's involved in a
traffic accident which has effect on the dangerous goods, there is also no one

to take action on some rescue." (Source 4, 2024)

"Think if you have this delivery robots that deliver goods that are not
dangerous goods and they have a small amount and no speed. There is not so
much risk but with dangerous goods people can also steal things... I think that's

also security issues." (Source 2, 2024)

Security concerns were widely acknowledged in interviews, this can be seen from the several

comments presented on below.

"Issue that should be considered is that systems have to be secure..." (Source

2,2024)



"Persons in our authority to work with these internet security, they are very
sceptical, very considered. It quite easy to get in the system today, even it's

called secure system, it may not be". (Source 2, 2024)

"Think it's could be a wave forward...I'm not confess if it can solve all the

issues." (Source 5, 2024)

Source 5 did not see a problem if use of two or three wheeled vehicles increases, no safety

concerns there because there is driver present and transport are alliance with regulations.

Source 4 where sceptic how the autonomous vehicles could be used safely and emphasize
the safety level of the transport sector, which is not bad at all now. In the end of safety section
of the research interview Source 4 also presented a convincing argument, which is presented

below.

"We shouldn't reduce the safety level with future developments" (Source 4,
2024)

4.5.2 Possibility to have autonomous vehicles at dangerous goods transport

In the research interviews participants were asked to share thoughts how the autonomous

vehicles could be adapted in the dangerous goods transport if that would be the case.

"I could see these technologies for motorways on such roads where you have

only vehicles and no cross traffic." (Source 3, 2024)
"First is dedicated traffic lines to autonomous vehicles." (Source 1, 2024)

"With different certain road lanes...leave robots to allow use them." (Source 2,

2024)

"I think you should have a separate line... not mix it up with the road transport

with the big vehicles." (Source 5, 2024)

To sustain certain safety level and avoid collision with humans and autonomous vehicles,
there should be different road lanes. Especially for the autonomous delivery robots and
pedestrians and cyclist. Source 3 stated that autonomous exist already in navigation and in

Ports. Waterways are less intensive than roads, therefore autonomous it is safe there.



Therefore, autonomous vehicles should be placed in road traffic in places where is not cross

traffic.

Source 5 Also raised argument that there could be a time slot, time of the day, when
autonomous delivery robots or vehicles could be used in transport of dangerous goods.
Weather conditions were also acknowledged as a factor that should be taken care. No use in

harsh weather.

When asked how easily the traditional transport companies would implement autonomous
vehicles or autonomous delivery robots in their transport chain, main point that raised was

the money, costs.

"We know that there are many companies that are struggling today with the

costs." (Source 2, 2024)

"We see that more companies would choose this kind of transport in the

future." (Source 4, 2024)

Participants believed that if traditional transport companies see that autonomous vehicles

may reduce their costs they will certainly be interested.

Source 2 had argument from the inspection side. How should the police do the roadside
checks on the autonomous vehicle? Source 3 had arguments also in this aspect, stating that

government should force in action requirements that you are not able to supervise.

Participants had uncertainties against the autonomous vehicles and their need in practical
day-to-day transport, mostly due the lack of experiences or research of the autonomous
vehicles. As source 3 stated technologies develop quickly so you never know what we have
in future. But despite the possible rapid development of technologies participants had
opinion for that first there need to be a regulation that allows and draws the framework where

the autonomous vehicles could operate.

"I think everything starts with regulation, so that is the first challenge to put it

somewhere in the regulation in a right way." (Source 5, 2024)

"I think the legislation must be developed in EU and not nationally." (Source
4,2024)



Participants acknowledged that to start with the autonomous vehicles to be approved in the

road traffic in Europe, the vehicle needs a type approval.

"In Europe type approval is the way to approve vehicles to be roadworthy, and

UNECE regulates it, so Finland alone can not do a thing." (Source 1, 2024)

"Regarding type approval of the vehicles, if you have the vehicle up a type
approval... and you do an update on the system. Is it still type approval? Is the

type approval valid if you do nothing on the system?" (Source 2, 2024)

Source 2 had already drafted possible challenges with the type approvals of the autonomous
vehicles. They felt that there are some concerns that should be secured before applied

regulations in action.

4.5.3 Infrastructure demands

Participants had not some much to say what kind of infrastructure demands there are for the
autonomous vehicles or autonomous delivery robots in urban areas. They seemed to have

consensus that everything starts with the regulation.

"Regulation is the first challenge... after that we can implement, organise the

infrastructure." (Source 5, 2024)

"We have to developed new legislation and therefore to appoint some traffic

infrastructure where it can be used, if so." (Source 4, 2024)

"In the city's infrastructure planning focus should be on these... In autonomous
driving generally, there should be dedicated traffic lines which only

autonomous vehicles can use." (Source 1, 2024)

Source 4 argued that autonomous vehicles have to be able to drive under the current
infrastructure. Later on, there might be some fine tuning such as vehicle communications
with traffic light signals on with other vehicles. Source 5 had similar thought with the
monitoring system for the autonomous vehicles, common one or separate for each operator,

hard to say.



When talked about the city administrations responsibilities Source 2 brought up that in
Sweden cities are working to promote the environmentally friendly fuels in relation to the

European Union goals.

"Some bigger cities, like Stockholm, plan to prohibit all kind of vehicles with

driven with fossil fuel in certain areas (in city centrum)." (Source 2, 2024)

Source 2 argument were that city administrations are working actively already with the latest
developments and that will push forward autonomous vehicles and possible developments

in the infrastructure at cities in the future.
4.6 Future foresight

Lastly in the research interview from all the participants were asked the same question, do
they believe that autonomous delivery robots will transport dangerous goods in Europe in

2024 or earlier

Do you believe that autonomous delivery
robots will transport dangerous goods in
Europe at 2040?

HYes
M Yes, with restrictions

® No

Figure 4. Expectations for autonomous delivery robots to transport dangerous goods in 2040.
(Sources 1-5, 2024)



As showed in figure 4. 80% of the participants believed that autonomous delivery robots will
be transporting dangerous goods in 2040. Some of them though there need to be some
restrictions or special regulations for the autonomous delivery robots to carry dangerous
goods, like restriction of the amount of dangerous goods at the vehicle or certain
classification of dangerous goods can be carried, not all the dangerous goods. Source 1 and
2 were willing believe that also bigger autonomous vehicle can carry dangerous goods, not
just the autonomous delivery robots in 2040. Source 2 believed that tank vehicles would not
be allowed. Participants highlighted that foreseen the future is difficult, ten years ago

someone were expecting autonomous vehicles already today.

5 Discussion

In this chapter is provided answers to the research questions of this study by comparing and

discussing the existing literature and the findings from this research.

5.1 Scope of application of the transport of DG legislation

Research results showed that transport of DG legislation's scope of application differs in
Europe. All the five countries have the same legal framework they are members of the ADR-
agreement. All the countries are part of the European Union; therefore, they have
implemented the directive 2008/68/EC in practice, meaning countries have set the ADR-
agreement's rules in their domestic regulations. Despite the same legal basis for the transport
of dangerous goods, countries did have domestic variations. According to papers (Batarliené
2020; European Union, 2015) EU member states may apply additional provision and
temporary exemptions from certain basis regulations in their domestic regulations. These

provisions or exemptions need to be reasonable and in relation of good transport safety.

Research results were that Sweden and Denmark have broader scope of application that EU
directive 2008/68/EC defines. In practise this meant, that in Denmark all the road motor
vehicles that have a registration plate and in Sweden all the vehicles under definition "Motor

Vehicle" falls under their transport of DG legislation. Both countries therefore allow to



transport DG with three or two wheeled motor vehicles. Either of them has not faced any
significant issues in the three or two wheeled vehicle's DG transports. European Union
(2015) have defined in the directive 2008/68/EC that "vehicle" definition includes only
motor vehicles having at least four wheels and designed maximum speed exceeds 25 km/h.
As a result of this research this tighter definition of vehicle in directive was seen as a legal

framework to countries which they can domestically widen.

Research results showed that Netherland has implemented the directives vehicle definition
in their legislations, and they follow it without any exemption. According to United Nations
Economic Commission for Europe (2023b) in ADR-agreement the vehicle is defined as it
defined in the Convention on Road Traffic of 10 September 1949 article 4, known as Geneva
Convention on Road Traffic. This ADR-agreement's vehicle definition does not define the
exact number of wheels in the vehicle. This research founded that Belgium follows the ADR-
agreement and its vehicle definition in their domestic DG transports, and therefore they have
not wittingly restricted the three or two wheeled motor vehicles outside the scope of
legislation. Results showed also that an initiative of Denmark, there have been discussion on
UNECE's working group about countries different scope of DG transport legislations. These
discussions are just started, and currently there are two different point of views. Some
countries interpretates the ADR-agreement so, that if it is allowed, it is not forbidden. Other
interpretation is that if it is not forbidden, it is allowed. In this context, this means that one
interpretation from ADR-agreement is that, because there is no excluded three or two
wheeled motor vehicles out of the scope, they will fall into scope. The opposite interpretation
is that, because ADR-agreement does not strictly allow the three or two wheeled vehicles

inside the vehicle definition, they should be excluded from the scope of application.

Research showed that all the five countries are open to discussions towards the new
developments and work for harmonized scope of application, despite the differentials in
current situations. Source 4, 5 and 2 strongly expressed their willingness that harmonized
interpretation of the vehicle definition would be strongly preferred and therefore achieve a
harmonized legislation's scope of application. Despite the fact, that countries' broader scope
of application might narrow through the harmonisation, the willingness indicates that the
harmonization and equal rules for practicing business is highly appreciated. Study conducted

by Sindi & Woodman (2020) stated generally that lack of standardization for regulators is a



barrier to adapt innovations in use in the transport sector, so regulators seem to have noticed

that also.

In other hand, there were opinions that it is narrow-minded to define the legislations scope
of application through the vehicle definition, it would be better to analyse the combination
of vehicle and carried goods. Small vehicles, like motorbikes, can carry only very small
amount of goods, therefore their risks are more relate to the characters of goods than the
technical aspects of the vehicle. Findings to supporting this perspective were in study
conducted by Stojanovic et al. (2023), stating that the wide scale of characteristics of the DG

there are lot of variation of the safe means of transport.

5.2 Driver

Research result showed that driver's role is very important in the DG transports. Driver's role
was seen a wide position where several obligations in addition to the practical driving of the
vehicle are. Driver is the one who can make action to avoid accidents in case of incidents,
guide rescue operators in case of accident about the characters of carried goods and
maintaining a safe network through the transport chain from consignor to the receiving party.
According to (Oakey et al., 2022; United Nations Economic Commission for Europe, 2023)
driver has a lot of regulatory based obligation, other than driving, and indeed are responsible
to check the cargo at the loading phase, receive and inspect documentations and lastly also
take actions during the transport in case of leakage or other hazards in goods on the road.
Oakey et al. (2022) did identify the training of the parties in transport chain as a crucial part

to sustain safety level in transport chains.

This research showed that there is a lack of regulatory based driver definition for the DG
transport. Despite this, there seemed to be a consensus how countries understand the driver
and driver's role. According to United Nations Economic Commission for Europe (2023a)
ADR-agreement has a definition for the member of a vehicle crew, but this does not give a
definition for the driver. It seemed that it might be difficult to create regulatory based driver
definition, because the driver's role is wide at DG transports, already from the regulatory
obligation aspects. This might be matter where countries would have difficulties to find
consensus. According to Miettinen, Riiheld & Suomento (2024) the legal frameworks of the

European road traffic, The Vienna Convention on Road Traffic and Geneve Convention on



Road Traffic, have stated that vehicle need to have a driver, and there are given definitions
which factors fulfil the regulatory need for driver. This research finds gap there, that
transport of DG regulations has not defined driver, although driver is defined in general road
traffic regulations. According to European Union (2015) regulations for transport of DG are
special regulations for special actions on road, and in DG transport, the general road traffic
regulations need to be followed, such as speed limits of the road. Therefore, as the legal
ecosystem works, all the necessary factors does not need to be defined in special legislation
if it is already regulated on the general regulations. Although, this research founded that in
some situation's countries would like to have a specific definition for the driver in DG

transport due the unique role of the driver.

5.3 Autonomous vehicle versus driver

Research result was that current legislations do not allow to transport dangerous goods with
autonomous vehicles in any country that participated in the research. Reasons to this were
the regulations, which demands that driver needs to be on the vehicle during carriage. This
was the generally the case in most of the countries. Only in Finland have these autonomous
delivery robots in use on certain urban areas to transport small amount of goods from grocery

store to households.

This research showed that regulators in EU countries are not willing to replace the driver
with an automated driving system in the transport of DG. Experts acknowledged the fact that
over the 90% of the road traffic accidents happens due to human error (Sever & Contissa,
2024), but they were aware that the share of DG transports in these accidents is small. DG
drivers are trained and vehicles in better shape than general road vehicles are. Regulators
seemed to have prejudices, mostly because lack of research data, and lack of belief in the
autonomous vehicles due the few bad experiences happened in pilot testing. Participants
would want firs experiences from the general goods transport, like Finland's autonomous

delivery robots are providing, before going to transport DGs.

Despite the doubts of regulators, they were able to list advantages what autonomous vehicles
could bring into transport sector and in the DG transports. One main factor why automation
have developed is the lack of professional drivers in Europe. Especially in DG transports the

driver's skills are crucial and therefore anybody cannot be the driver. Autonomous vehicles



were seen to solution for this problem. Also, driver can drive only with certain hours per
day, due regulation, therefore regulators did assume that autonomous vehicles could be more
effective. There were also observations that road traffic safety would increase by adapting
autonomous vehicles to use. Sensors and cameras were believed to be future so good that
autonomous vehicles would not crash into other road users. Systems would not get tired
either. According to Niu & Ukkusuri (2020) the risk for accidents during transport rises in
relation of the transport's mileage, and study conducted by Grabarek & Beczkowska (2012)
stated that capability to control emotions is notable factor for driver to sustain safe driving.
Study conducted by Alverhed et al. (2024) stated that autonomous delivery robots, used in
last-mile delivery, will carry smaller amount of goods than traditional trucks, and therefore
dangerous goods are fewer time in contact or loaded on the same vehicle with other DGs,

and this should decrease the risk of accidents.

Source 3 did raise the change of road environment when there is mixed the autonomous
vehicles and human drivers. Humans would have a challenging time to learn how
autonomous vehicles acts. According to Sever & Contissa (2024) during the transition
period, human drivers may be better to avoid accidents and understand the traffic
environment better than autonomous vehicles, because autonomous vehicles are learning. In
other hand Source 1 stated that humans are the ones who are going to crash onto autonomous
vehicles. According to I1zdebski et al. (2022) if looking from safety perspective, autonomous

vehicles could be a way to have safer transport, but only with certain dangerous goods.

Research results showed that regulators thinks that there will be new kind of safety and
security challenges with autonomous vehicles. The security level of the systems is
questioned and the scenario where someone can remotely hijack the DG transport of
explosives raises concerns. In other hand studies (Izdebski et al., 2022; Liu et al., 2012)
stated that technology is the way to improve safety and security during transports, loT and
other technologies can provide more tools to oversee the transports and avoid possible
threats; for example reroute the transport in case of accident, traffic jams or bad road
conditions on the route. Specific route planning for each transport is important to sustain
high security level. According to Izdebski et al. (2022) automated delivery robots are well

suitable for effective route planning and performing as planned.

Regulators in this study did raise concerns against the autonomous vehicles under

unexpected circumstances and high lined the driver's capability to act in these circumstances.



Oakey et al. (2022) founded constructing the autonomous vehicles with body armouring and
other specified security means, would be way to ensure the cargos safety in unexpected
situations. Study conducted by Flodén & Woxenius (2021) stated that is good to understand
that increasing safe level, for example by body armouring, it can cause challenges for other
rescue operators in case of neutral accident. According to Stojanovic et al. (2023) one way
to improve transport safety is maintain better infrastructure and road conditions. Study
conducted by Heimfarth et al. (2022) founded that autonomous delivery robots have proven
to be very sustainable against different conditions and having good safety level. According
to Sever & Contissa (2024) objective for all the autonomous vehicles is to sustain safety in

the traffic.

Research results showed that the responsibility question worries the regulators in case of
autonomous vehicle. Who is responsible if something happens during carriage? There are
no driver or driver's employer. According to (Miettinen, Riiheld & Suomento, 2024; Finnish
Ministry of Transport and Communications., 2024) Finland has started a legislation project
to aiming ensure that future legislations have the answers for this question. To define the
term Automated Driving System (ADS) in regulation and therefore find an organization
behind the ADS to be obligated to carry the responsibilities. Also, United Nations Economic
Commission for Europe (2020) stated in their amendments on The Vienna Convention on
Road Traffic, that ADS as a replacement of human driver, can be recognized in regulations

when certain requirements are met.

5.4 Future foresight

Result of this research were that 80% of the participants believed that autonomous vehicles,
in some context, are likely to transport dangerous goods in Europe in 2040. Despite the
prejudice of countries, they have belief that technology will develop and find solutions for
the safety and security concerns regulators have. All the parties are working towards
environmentally friendly transport solutions, therefore participants believed that automation
would come also. Consensus were that regulations need to be changed first, to provide a
regulatory framework for technology developers. Results showed that regulators identified
this also a challenge; how to change the regulation with lack of research data. According to

Molero et al. (2019) level of regulations has steadily increased hand-in-hand with the



regulator's knowledge at the field of transport of DGs and Vojinovi¢ et al. (2021) stated that
ADR-agreement's updates every two year are done to meet the technological development.
Observations were that regulation need to be developed in EU or UNECE level, not

nationally.

According to Molero et al. (2019) current trend of technological development suggests that
adaption of autonomous vehicle in the DGs road transport will began, if ever, from non-
traditional transport company, from smaller operators which can adapt autonomous delivery
robots on their supply chains with low costs. This was also expected from regulators; they
know that many transport company struggles with costs nowadays and therefore their
capability for new investments might be small. Results showed that transport sector is very
cost-orientated, therefore adapting autonomous vehicles would need also cost-effective

motivation.

Results showed that regulators want to have restriction for the autonomous vehicles carrying
DG. Identified separate traffic lines for autonomous vehicles and other road users, at the
beginning allow autonomous vehicles to use only highways or other roads where is low
cross-traffic. Source 5 stated that they have good experiences with the automation at
Netherland's Ports, where they can operate on restricted area. Restricting the amount of DGs
at the autonomous vehicles and allow transport only for certain classification, excluding the
most hazards ones, like explosives and radioactive goods. This kind of arrangement would
also lower the security issues during transport according to the Source 2 and paper conducted
by (Stojanovic et al., 2023) stated that the means of transport will variate between different
DGs. According to United Nations Economic Commission for Europe (2020) in the ADR-
agreement are already regulated what kind of packaging or vehicle can be used for certain
DGs. Regulators therefore expected the regulations to have amendments than forming totally

new regulation.



6 Conclusions

In this chapter is clarified the conclusions of the research and presented the answer to the
research question. As a conclusion of this research the harmonization of the legislation's
scope of application is something that should be achieved in future, a standard or goal what
is worth working for and that is supported by the fact that EU member states are committed

to work together. This conclusion provides the answers to following research questions:
What kind of differences are on the legislation's scope of application in EU?

How should the legislation's scope of application in transport of dangerous goods change

in future to cover all the future's innovative ways to transport goods without a driver?

What kind of changes need to be made in the legislations to allow autonomous delivery

robots to transport dangerous goods?

There are no justifications to define how exactly the legislation's scope of application should
change in future. The conclusion is that it needs to change. Current legislation does not
recognize the autonomous vehicles, and there are also variations in legislation's scope of
application with the non-traditional road vehicles. In some countries allows and other denies
the use of three or two wheeled vehicles in transport of dangerous goods. Process should
start by making amendments where autonomous vehicles and other possible innovations are
defined and recognized on the regulations. This has to be done clearly enough and focus
onto cover all the variations, be comprehensive. The current situation with the ADR-
agreement's 'vehicle' definition is an example what loose definition causes: variations. Based
on the research results, changes to legislation's scope of application need to be done
internationally, changes need to base on the data and the safety aspects need to be high lined.
Although this research showed that every country has their specialities in their transport
sector and therefore the possibility to have domestic provision seems to be very reasonable.
Conclusion is that harmonization in the legislation's scope of application would support
technological developments and speed up transport sectors path towards more sustainable
future. There should be an option to have domestic provision in technical aspects etc., but

the legislations scope of application should be harmonized.



To raise awareness about the transport sectors attitude towards the use of autonomous

vehicles in future this conclusion provides answers to the following research questions:
Is the field of transport of dangerous goods looking for to use autonomous vehicles?

Are autonomous delivery robots expected to be used at dangerous goods transportation in

near future?

There are lot of regulatory obligations for the drivers and their employers. There have been
a lot of analysis about driver's risky and non-risky behaviour towards the safer driving skills.
It seemed that no matter what action were made, all the risks of human error occurring while
driving cannot be ruled out if the driver is a human. Based on this research, autonomous
vehicles could offer an option to this challenge, with in certain limitations. Research showed
that regulators at European countries are willing to work towards it, rather the safety will be
in centre. Conclusion is that the field of transport of dangerous goods is looking for to use
autonomous vehicles in future, with certain limitation, but with a clear intent to have it. There
are assumed to be more advantages with the autonomous vehicles than this research could
define, and the road traffic is an ecosystem where sector of transport of dangerous goods
cannot avoid the inevitable if autonomous vehicles are welcomed to the road traffic in
general. Therefore, because the general consensus seems to be to find ways to allow the use
of autonomous vehicles on road traffic, where Finland are aiming to be an example according
to Finnish Ministry of Transport and Communications (2024), in long run the field of
transport of dangerous goods cannot be exception. The transport ecosystems develops, and
all the participants need be on board to sustain safe and effective road traffic, therefore the
autonomous delivery robots and some sort of autonomous vehicles will be used to transport

dangerous goods on road in future.

6.1 Limitations and future research suggestions

This research, like any other research, has limitations. This section describes these
limitations and suggests directions for future research. Limitation of this research was that
the research interviews covered only the small share of European countries. Therefore, the

data collected from interviews was only from the northern Europe. Another limitation was



identified to be the lack of the technological data about autonomous vehicles and their
features. Despite it, this research is believed to offer valuable information to European
policymakers, due the high level of harmonized legislations and same ground legal
framework for whole European transport sector. Also, it has to be acknowledged that Finland
and Sweden have probably the most extremes transport condition in whole Europe, therefore
is reason to believe that experiences and findings from these Nordic countries have a value
all around Europe. This research was commissioned by Finnish government agency, and to
meet their wishes the focus were more on the regulation side than on the technical aspects.
Suggestions for future research would be to research deeper this research's findings into
autonomous vehicles technical aspects and their advantages in practical use. This could
provide for the policymakers and transport companies more practical examples the
advantages of autonomous vehicles in transport sector. Other direction would be the same
what Oakey et al. (2022) had studied by selecting one target country and one specific area
of dangerous goods transport (healthcare); in that way could be utilized more specified and
valuable information to support the regulation and technological developments in the field
of transport of dangerous goods. Lastly for the traffic safety perspective, and fulfil constraint
of this research, the future research can undertake quantitative research to understand the

legislations impact of on the autonomous vehicle transport of dangerous goods.
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Appendix 1. Preliminary research questions

The following contains all the preliminary research questions which were prepared to guide

the semi-structured research interviews. All the questions were not presented to the

participants, due some questions were covered as a part of the discussions. The questions

were created by the author.

Road transport of dangerous goods legislation's applicability

1)

2)

3)

4)

5)

Which kind of vehicles fall under the scope of transport of dangerous goods

legislation in your country?

Has your country found it difficult to adapt the current ADR-agreement's vehicle

definition in practice?

Past ten years: Have there been any challenges with implementation of new

innovations (means of transport) to transport of dangerous goods?
a. If yes, what kind (Is any of these challenges been related to the scope of
legislation?)

Have you had experiences that dangerous goods have been transported with non-
traditional road-vehicles,; such as vehicles with three or two wheels or something

else?
Note: Non-traditional from vehicle technical perspective

What you think about that there are different interpretations between EU-member
states related to what kind of vehicles fall under the scope of transport of dangerous

goods' legislation?

a. Have you found out that different interpretations may question the fairness of

transport sector in Europe?
b. Would your country appreciate one strict interpretation across the Europe?

c. What is your take on that it is possible to transport dangerous goods on road
in certain EU-member states using vehicle that are not allowed to use in

dangerous goods transport on other EU-member state?



6) Have you any thoughts which kind of vehicles should be taken on the scope of the

road transport of dangerous goods legislation?

7)  Would the current interpretation of the legislation's scope of application in your
country allow to transport dangerous goods on road with autonomous delivery

robot?
a. How about with autonomous vehicle?
b. If no, which factors denies it?
Vehicle and Driver

1) What is your country's interpretation about role of the driver in the scope of

legislation in the field of road transport of dangerous goods?

2) How you see the current driver definition or Member of the vehicle crew -definition

(ADR-agreement)?
a. Is there need for modification/clarification?
3) How you see the driver's role in the future? (Generally)

4) Do you see the driver's role differently when compared general goods transport

versus dangerous goods transport?
a. Ifyes; short arguments.

5) Do you see any challenges with following vehicle options to be considered under the
scope of dangerous goods road transportation legislation in your country? (Think

this from the driver's absence -perspective)

1. Automatically driving vehicle (driver are not inside the vehicle), but there is

a remote-control room (human access), that may steer the vehicle if needed.

2. Autonomous vehicle (with autonomous driving system). May be connection

to remote management service provider, but no capability to steer the vehicle.
Autonomous delivery robots
1) How you expected the road transport (generally) to develop in future?

2) Could you see any major developments in the last-mile delivery at urban areas?



3) What kind of developments you expected in the field of dangerous goods road

transport?

4) Are dangerous goods transported by autonomous vehicles or autonomous delivery

robots in your country at the moment?
Safety Aspect

1) How do you expect autonomous vehicles or autonomous delivery robots to affect the

safety level on transporting dangerous goods on the road?

2) Do you see any changes in transport safety environment if autonomous delivery

robots were adapted in transporting of dangerous goods?
a. For example, in urban areas, a safe environment?

3) Ifweremove the driver from the vehicle and replace it with autonomous vehicle, how

will the safety level change then?
Last section

Let's assume that autonomous delivery robots are a reliable option for dangerous goods road

transport.
1) What changes would the urban area's infrastructure need to make the adaptation
easier? (If any)
2) What kind of effort would you expect from governments or city administrations to

accelerate the possible adaptation of delivery robots?

3) Could you see that traditional road transport companies would consider adapting
the autonomous delivery robots in their supply chain if the regulation wouldn't be an

obstacle?

4) Is there any other perspective you would like to raise considering the autonomous

delivery robots or autonomous vehicles in dangerous goods transport?

5) Lastly: Do you believe that autonomous delivery robots will be transporting

dangerous goods in Europe in 2030 or 2040?



