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Executive Summary

This project was conducted by TRL and Warwick Manufacturing Group (WMG),
University of Warwick, on behalf of the Department for Transport (DfT). The aim of
the project was to provide guidance to the DfT on certain aspects of technical
regulations that may in future be applied to e-scooters if their use in public places is
to be made legal. This report documents the range of activities that were conducted
to collect evidence around certain aspects of the safety, sustainability and
accessibility of e-scooters and the recommendations arising from that evidence.

A range of methods were employed, including a review of regulations and standards
for e-scooters, EAPCs and ‘invalid carriages’ in both the UK and Europe,
engagement with a wide range of stakeholders drawn from the e-scooter industry,
disability charities, safety organisations and the police, physical testing and
experimentation, and theoretical analysis.

The project was separated into four main work packages:
Work Package 1 Review of literature and international regulations and standards

Work Package 2 Analysis of technical requirements for e-scooters including:

- Vehicle stability

- Structural integrity

- Alternative configurations including standing and seated e-scooters
and e-scooters with 2, 3 or 4 wheels

- Battery safety

- Motor power and hill climbing ability

- Differences between rented and privately owned e-scooters

Work Package 3 Integration with vehicles for disabled people and the effect of e-
scooters on disabled road users

Work Package 4 Sustainability, environmental impact and lifecycle

The key recommendations of this report are:

1. To make e-scooters accessible to the greatest range of users and improve their
utility to disabled people and people with mobility impairments, future regulation
should permit the design, manufacture and sale of e-scooters with (or without)
seats and with 2 or more wheels.

2.  Adopt practical performance-based tests for e-scooter stability based on those
currently applied in Germany under the eKFV approval system.

3. Initiate an update to the structural integrity requirements in BS EN17128:2020
in order to make them more robust and more closely aligned to real-world use
cases. In the interim, initiate the creation and promulgation of industry best
practice guidance on the engineering of e-scooter structures.
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10.

E-scooters should be fitted with a system that limits their maximum speed
which cannot be easily defeated.

Permitting e-scooters to be used on footways will bring clear accessibility
benefits for those with mobility impairments. However, there are legitimate
concerns that permitting e-scooters to be ridden on the footway will inevitably
bring them into conflict with pedestrians, likely resulting in collisions. This is of
particular concern to groups such as people with visual impairments and older
people. Careful consideration must therefore be given to the relative merits of
facilitating the mobility of some groups at the potential expense of the safety,
perceived or real, of others. As a minimum, if e-scooters are to be permitted to
be ridden on the footway, they should be fitted with a user operated control
which limits their maximum speed to 4 mph, to be used while they are on the
footway.

For the purposes of technical regulations, the laden mass of e-scooters should
be regulated, rather than their unladen mass. Manufacturers should be required
to declare both the unladen mass of the machine, and the maximum laden
mass, in order that users are able to select machines appropriate to their
needs. Manufacturers should also be required to take full account of the total
mass of the machine, its rider, and any luggage they might carry, and
incorporate these considerations into the design of safety critical systems of the
machine. Further work is required to define the maximum mass limit that should
apply to these machines, which should consider the full range of e-scooter use
cases, in order to maximise their utility whilst also minimising any safety risks
they may pose to their users and others.

BS EN 17128:2020 should be updated to contain the same battery
requirements as BS EN 15194, and therefore the battery must comply with EN
50604-1:2016+A1:2021. However, at the same time, BS EN 50604-1 should
undergo a thorough revision and be updated to address current shortcomings.
In the interim, we recommend that DfT, or another appropriate government
body, initiates the creation of a set of best practice guidelines or Publicly
Available Specifications (PAS) for the engineering of e-scooter batteries.

The acceleration of e-scooters should be limited to a maximum of 2 m/s?, in line
with BS EN 17128:2020. Limiting acceleration of an e-scooter (along with
speed and mass) is a more effective safety critical measure than implementing
a power limit.

In order to reduce whole life carbon emissions, measures should be introduced
to prolong the lives of e-scooters. These include the introduction of “right-to-
repair’ requirements and extending the mandatory warranty period to at least 2
years.

While local authorities may wish to stipulate certain technical characteristics for
the scooters used in open access rental schemes, and should continue to be
allowed to do so via their licensing of those schemes, we suggest there is no
strong case to support different technical regulations for shared and privately
owned e-scooters.
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1 Introduction

The e-scooter market has seen significant growth over the past several years. This
has been brought on in part by the many public e-scooter sharing services that have
begun operation in many locations internationally, as well as the increase in private
e-scooter owners. A number of regulatory challenges have been encountered
around how e-scooters can be operated, and there has been an increasing focus of
research into the safety and sustainability of these new mobility devices.

Some countries, such as Germany, have developed bespoke regulations for e-
scooters, but overall there remains considerable diversity in approaches across
different markets. In the UK, e-scooters are classed as motor vehicles and therefore
are subject to the associated motor vehicle regulations. In practice, it is very difficult
for e-scooters to meet the type approval requirements set out in motor vehicle
regulations, which in effect means private e-scooters are illegal to use in public
spaces. Privately owned e-scooters are currently treated as machinery in the U.K.
and are consequently regulated under the Supply of Machinery (Safety) Regulations
2008. While these regulations require e-scooters to comply with a basic level of
machine safety, they make no stipulation about the safety of e-scooters when used
on the road. For shared e-scooters, temporary exemptions from motor vehicle
regulations have been granted by the Department for Transport (DfT) through
Vehicle Special Orders (VSOs) to enable the managed roll-out of rental e-scooter
trials across the UK — an initiative led by the DfT to gather critical data on e-scooter
uptake, usage and safety to inform the development of future regulations. Privately
owned e-scooters, however, are not included in the scope of these trials and thus
currently remain illegal for use in public spaces.

The DfT commissioned TRL and its sub-contractor Warwick Manufacturing Group
(WMG), University of Warwick, to investigate certain aspects of the safety,
accessibility and sustainability of e-scooters with a view to informing the
development of technical regulations that would permit privately owned e-scooters to
be used in public places at some point in the future. The DfT’s objectives are to
ensure that if e-scooters are permitted to operate on public roads and traffic
environments, they are as safe, sustainable, and inclusive as practicable. The overall
objective of this project is therefore to build the evidence base and formulate
proposals to aid DfT in devising a legal framework for e-scooters that will be
proportionate, effective, enforceable, and responsive to innovation.

This report documents the investigations and experimentation that was conducted by
TRL and WMG in the course of this project. The project was separated into four main
work packages:

Work Package 1 Review of literature and international regulations and standards
Work Package 2 Analysis of technical requirements for e-scooters including:

- Vehicle stability

- Structural integrity

- Alternative configurations including standing and seated e-scooters and e-
scooters with 2, 3 or 4 wheels
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- Battery safety
- Motor power and hill climbing ability
- Differences between rented and privately owned e-scooters

Work Package 3 Integration with vehicles for disabled people and the effect of e-
scooters on disabled road users

Work Package 4 Sustainability, environmental impact and lifecycle

The structure of this report does not attempt to replicate this work package structure.
The discussion of vehicle configuration and its interaction with existing regulations
for L-category vehicles and those specifically designed for disabled people has been
incorporated into a single chapter since there is significant overlap between these
topic areas, while other topics have been given dedicated chapters of their own
where appropriate.
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2 Methodology

This section summarises the methodology used to gather evidence and develop
recommendations for future e-scooter technical requirements.

2.1 Literature review
A literature review (Section 3) was first conducted with a focus on:
¢ International construction standards for (or applied to) e-scooters

e Research that advises construction standards — current research on specific
elements of e-scooter design and construction that increases safety of the
vehicles.

e Collision and defect reports — evidence of e-scooter collisions and defects that
can be used to draw insight into guiding relevant technical requirements.

Using a pre-defined set of search terms, we undertook an iterative search of the
TRID, ScienceDirect and GoogleScholar databases, along with the websites of the
British Standards Institution (BSI), International Organisation for Standardisation
(ISO), German Institution for Standardisation (DIN), and American National
Standards Institute (ANSI). A general search was also conducted in Google to
identify relevant grey literature or other sources not available through the main
databases. The literature review was conducted in two rounds, with the first being
conducted at the start of the project to inform the later work packages and the
second being conducted at the end to capture any additional sources of evidence
that emerged since the time of the first review

2.2 Stakeholder engagement

Stakeholder consultations also formed a crucial part of the project activities.
Consultations involved engaging industry stakeholders to gather key insights and
perspectives. The scope of this project, and the range of stakeholders, necessitated
a diverse approach to stakeholder engagement. The primary method used, where
appropriate, was holding workshops. This provided an efficient method of
canvassing a wide range of stakeholders. Initially, separate workshops were held
with industry bodies and associations, and with representatives from disability
charities. These stakeholders were then brought together at the end of the project in
a set of final ‘review workshops’ to gather additional feedback and comments on the
findings and draft recommendations.

In addition to workshops, representatives of e-scooter manufacturers, operators and
retailers were engaged with through individual interviews. This facilitated an open
and transparent discussion around potential regulations, as no competing companies
were involved in the same discussion. This allowed detailed technical conversation
around topics such as e-scooter design, manufacturing and testing processes. The
interviews were undertaken by two or more experienced senior TRL researchers. A
set of high-level questions were asked, but with flexibility to enable focus on
particular areas of knowledge or interest held by interviewees. A summary of the key
findings from the stakeholder engagement is provided in Section 4, and the insights
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have been considered throughout the project as part of wider investigations into the
various topics.

2.3 Analysis of structural integrity requirements

Building on the broader literature review, a detailed review and assessment of the
structural integrity requirements specified in BS EN 17128:2020 and BS EN
15194:2017 was undertaken. The objective was to examine the types of tests
specified, the precise outcomes these tests aim to achieve, and the performance
criteria they adhere to. The rationale behind this approach was twofold: first, to gain
a comprehensive understanding of the current benchmarks for structural integrity in
e-scooters, and second, to ascertain how robust these requirements are in
comparison to EAPCs. This analysis served as a basis for developing
recommendations for the technical requirements of e-scooters.

2.3.1 Comparison criteria

The comparison of the structural integrity tests and requirements for e-scooters and
e-bikes was based on criteria selected to align with the structure established in BS
EN 17128:2020 for e-scooters and BS EN 15194:2017 for e-bikes. This alignment
ensured that the comparison was both relevant and comprehensive, addressing the
core aspects of structural integrity as defined in these standards. The criteria were
as follows:

Areas of focus: This criterion centred on identifying and comparing the parts of e-
scooters and e-bikes subjected to structural integrity testing. The focus was on
pinpointing the areas deemed crucial for maintaining structural integrity across both
vehicles, such as the handlebars and frames, ensuring a comprehensive
understanding of where each vehicle type might face the most stress or potential
failure.

Testing protocols, methodologies and parameters: This criterion encompassed
an evaluation of the testing protocols for e-scooters and e-bikes, integrating an
analysis of the types of tests (such as impact resistance and fatigue endurance), the
methodologies and procedures employed, and the levels of force applied. The focus
was on comparing the technical parameters and approaches used in testing similar
components of both e-scooters and e-bikes, thereby offering insights into the rigour,
relevance, and robustness of the structural integrity tests.

Requirements: This part of the analysis involved an examination of the pass/fail
criteria for various tests conducted on e-scooters and e-bikes. This analysis aimed to
compare the safety and quality standards across both vehicle types, determining if
these criteria ensure equivalent levels of safety and reliability.

2.4 Review of stability standards and test specifications

A detailed review was conducted of the German eKFV micromobility approval
regulations, the Spanish Manual of Characteristics of Personal Mobility Vehicles and
BS EN 17128:2020 in order to identify the methods by which the stability of e-
scooters is specified in other national jurisdictions and the relevant standard.
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2.5 Market reviews

Two market reviews were undertaken. The first explored the diversity of e-scooter
models available for purchase with a particular focus on identifying 2, 3 and 4
wheeled variants and those with and without seats; the result are summarised in
Section 5.1.1. The second review explored the range and diversity of the mobility
scooter market and its overlap with the e-scooter market. Manufacturer websites,
retail outlets and e-commerce platforms were examined; the review was not
exhaustive but intended to identify example models of mobility scooter which
illustrate the broad spectrum of devices available for purchase in the UK. The results
from this are summarised in Section 5.2.1.

2.6 Engagement with disabled people

A series of interviews were undertaken to capture insights from disabled people.
Specifically, these interviews sought to ascertain an understanding of the potential
demand for e-scooters among disabled people, along with their needs and
challenges around e-scooter usage. Twenty people were interviewed; five males and
15 females, aged between 26 and 66 years old. The recruitment process ensured a
broad spectrum of different disabilities and health conditions were captured within
those interviewed. The list below details the range of disabilities, as reported by
those interviewed:

e Mobility issues (unspecified), including the need to use a wheelchair

e Arthritis, including chronic, rheumatoid, psoriatic, osteoarthritis, and
polyarthritis/

¢ Mental health conditions, including depression, autism, and anxiety
o Partial deafness

e Spinal problem (unspecified)

e Spinal stenosis

e Cerebral palsy

e Multiple sclerosis

e Shoulder impingement syndrome

e Chronic obstructive pulmonary disease (COPD)
e Lupus

e Fibromyalgia

e Crohn’s disease

e Long covid syndrome

e Hydrocephalus

¢ Insulin-dependent diabetes

Each interview lasted approximately 45 minutes, with questions being asked from a
topic guide (Appendix B) to explore general attitudes towards e-scooters,
experiences and design needs from the perspective of a potential user, and
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experiences and design needs from the perspective of another road user (i.e.
pedestrian, car driver). A team of three TRL behavioural researchers conducted
interviews individually and extracted key themes from the collected data. The team
then collated and discussed these as a group to reach a consensus on the findings.
These findings are presented in Section 4.4.

2.7 Hill climb testing

Real world vehicle performance testing was completed on a number of e-scooters
with a range of claimed power ratings. Objective and subjective outputs from the
tests were used to assess acceleration and hill climbing capability of the vehicles, to
understand the relevance of existing standards and regulations covering power and
acceleration of e-scooters, and vehicles in adjacent categories.

This testing served as a basis for developing recommendations for the maximum
performance limits of e-scooters, and the supporting test methodology for ensuring a
consistent approach to defining and assessing these limits.

2.8 Battery safety

Existing legislation and standards applicable to e-scooters and their batteries have
been reviewed and compared with those applicable for closely related products such
as e-bikes. The safety requirements in the legislation and standards have been
examined in the context of real-world incidents and of Lithium-lon battery failure
modes and the state-of-the-art in protective measures.

2.9 Sustainability assessment

Best- and worst- case environmental performance of shared-use and privately
owned e-scooters have been quantified through life cycle assessments (LCA). The
methodologies used have been developed and applied to other forms of
transportation over several years, with additional information relevant for e-scooters
gained from literature reviews and stakeholder consultation. The best-case scenario
provides an aspirational target for the environmental performance of e-scooters, with
quantified and considered recommendations targeted at reducing carbon emissions
through the product life cycle and value chain, or extending serviceable life of the
vehicle to reduce carbon emissions per passenger, per kilometre travelled.
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3 Literature review

This chapter contains the output of the first work package — a review of literature and
international regulations and standards relevant to e-scooters. The objective of this
literature review was to help provide an understanding of the current construction
standards being used by other countries, and any research which has been
conducted to inform the development of construction standards. The findings drawn
from this evidence review enable an initial assessment of which technical
requirements already have a strong evidence base for inclusion in future
construction standards and which required further investigation in the subsequent
stages of this project.

The chapter is structured as follows:
e Section 3.1 details the method used to undertake the evidence review.

e Section 3.2 provides a discussion of the findings drawn from the evidence
review.

e Section 3.3 summarises the main conclusions, recommendations for the
construction standards, and identified research gaps

3.1 Method

In order to identify the current state of the art with regard to e-scooter construction
standards, the evidence review focused on the following elements:

¢ International construction standards for (or applied to) e-scooters — standards
currently being used by other countries.

e Research that advises construction standards — current research on specific
elements of e-scooter design and construction that increases safety of the
vehicles.

e Collision and defect reports — evidence of e-scooter collisions and defects that
can be used to draw insight into guiding relevant technical requirements.

A set of search terms (Appendix A) was generated to target these three elements.
An iterative search process using these terms was conducted across a selection of
appropriate online research databases; TRID, ScienceDirect, and GoogleScholar.
Websites for a range of standards authorities were also searched, including: British
Standards Institution (BSI), International Organisation for Standardisation (1ISO),
German Institution for Standardisation (DIN), and American National Standards
Institute (ANSI). Lastly, Google was also used to run searches in an effort to identify
relevant grey literature or other sources not available through the main databases.
As an added step, the search region of Google was repeatedly changed when
running searches to support the identification of international literature and
standards. The literature review was conducted in two rounds. The first round was
completed at the start of the project to inform the later work packages. This first
search resulted in the following cumulated literature:

e Six construction standards

e Five government reports detailing collision data
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e Seven industry reports and articles
e 21 academic journal articles

After including the eight TRL case study projects which acted as a starting point for
this review, the 47 total documents were collected in a spreadsheet for scoring and
review for the first round of the literature review. The second round was conducted at
the end of the project to identify any additional key sources of evidence that have
emerged since the time of the first review. The same approach was taken to the
search during this round, which identified four additional papers. This included the
Spanish e-scooter construction standard, ‘Manual of characteristics of personal
mobility vehicles’, and three academic journal articles.

Sourced academic literature and industry reports were scored on a set of inclusion
criteria (see Table 1). Only the highest scoring literature (i.e. those that had a total
score across the criteria of either eight or nine) was considered for full-text review
and inclusion in this report. This scoring process ensured that only the most up-to-
date, relevant, and high-quality evidence was included in the review.

Table 1: Inclusion criteria for the review of literature

Criteria Score =1 Score =2 Score =3

Relevance Notrelevant to the = Some indirect relevance to = Directly relevant to the objectives
objectives the objectives

Quality Non-scientific Evidence review / case Formal legislative documentation,
article (e.g. online | study investigation including published guidance /
source, recommendations from relevant
newspaper, or groups (e.g. PACTS)
magazine article) OR, Scientific peer-reviewed

article

Timeliness Published over 5 Published between 3-5 Published within the past 3 years

years ago years ago

Only one of the industry reports was excluded as a result of inclusion scoring. Of the
24 academic journal articles, only six scored sufficiently high on the inclusion criteria
to be included in the review. Those that were not included typically failed on the
scoring criteria due to being considered outdated and/or not relevant to the aims of
the current work. It was identified that the majority of research regarding e-scooter
regulations primarily relates to the implementation and usage of these devices, with
seemingly little attention being given to defining construction standards. This may be
due to the difficulty that some countries and authorities have faced in catching up
with the rapid development in e-scooter technology. In some cases governments
remain in a position where they are still trying to determine what standards and
regulations need to be put in place for this new mode. The lack of identified evidence
on this topic confirms there is a considerable research gap. In addition, no
information relating specifically to e-scooter defect reports was identified. Collision
data reports are also considerably limited due to generally poor reporting and
recording of e-scooter incidents. Given the pressing need to understand and
establish construction standards for e-scooters, further investigation is evidently
warranted. The current programme of research is intended to take a significant step
in filling this research gap.
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Excluding the low-scoring evidence, the final collection of literature included 30
different items. These were reviewed in full, with summaries of relevant information
being collated in the review spreadsheet. The findings from this review of evidence
are discussed in the following section.

3.2 Findings

This section has been separated into three subsections. The first (Section 3.2.1)
collates and summarises relevant evidence from four case studies of previous TRL
research which has explored the topic of e-scooter regulations; the second (Section
3.2.2) explores existing e-scooter construction standards and any research that
contributes to defining such standards; and the third (Section 3.2.3) details evidence
around collision data to understand safety needs that should be considered in
defining e-scooter construction standards.

3.2.1 TRL case studies

In 2019, TRL completed an extensive evidence review for the Road Safety Authority
(RSA) in Ireland (Hitchings, Weekley, & Beard, 2019). This review sought to identify
international best practice in the regulation of electric personal mobility devices
(including e-scooters) and understand the associated safety implications. To
supplement the review of published literature, 12 countries which were felt to have
more developed legislation on the use of these devices were investigated to
understand their approach to regulating their use. It was clear from the case study
investigation that no clear consensus as to how to approach legislating personal
mobility devices had been reached, with considerable variation in how different
countries regulate their use. This included variations in power and speed limits, use
of helmets, and locations in which they could be operated. This work concluded with
a series of recommendations on how the RSA could develop policy and legislation
around electric personal mobility devices. These recommendations included
developing clear classifications for these devices, guidance around their safe use,
and — of particular relevance to the current work — implementing minimum safety
standards for these devices.

A direct follow-up to the 2019 study was completed in 2021 (Hitchings, Weekley, &
Beard, 2021). This sequel study was completed in response to Ireland introducing
the ‘Road Traffic (Amendment) (Personal Light Electric Vehicles) Bill’, which
intended to update existing regulation surrounding e-scooters. The purpose of this
work was to provide RSA with an understanding of what changes had taken place in
the two years since the original study, and identify information which was still
applicable to the current situation. A similar approach was taken in exploring the
same set of case study countries. As minimal changes had been made in the time
since the 2019 study, the findings from this work largely reaffirmed the findings of the
original study. One key conclusion drawn from these works was the lack of robust
and reliable data for e-scooter injuries and collisions; a problem that persists, as is
discussed in Section 3.2.3.

The second TRL case study was a programme of research involving off-street e-
scooter trials conducted in 2020. This programme included four separate studies.
The first study was a review of national and international e-scooter standards and
regulations (Wardle & Beard, 2020), similar to that conducted for RSA the year prior
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as well as that covered in Section 3.2.2. By gaining an understanding of e-scooter
legislation, standardisation, and testing in other countries, this first study was able to
inform the design of the e-scooter performance tests planned for a later stage of this
programme of research. The second study (Wilford, Wardle, Jenkins & Beard, 2020)
expanded on the first by understanding and defining the safety considerations
required for the e-scooter performance tests, such as the operational area, speed
limits, and design specifications.

Study three (Beard, Guy, Jenkins, Wallbank & Wardle, 2020) covered the off-street
e-scooter performance tests that the first two studies helped to design. This included:
stability tests, to understand the rider’s ability to maintain stable control of the e-
scooter under different operating and environmental conditions; and braking tests, to
determine stopping distances of emergency stops at different speeds. These tests
were performed on five different e-scooter models and a standard pedal bicycle
(baseline measure) to enable assessment of different design specifications. Riding
over rough surfaces and obstacles (e.g. drainage cover, raised crossing) generally
only resulted in small lateral movement from the intended path of travel. However, a
simulated 50 mm pothole did show some significant impacts on riding ability across
all models — small, solid wheels in particular were unable to traverse the obstacle
safely. Footbrakes and electronic brakes were found to have notably worse braking
performance compared to mechanical brake systems. Dual-braking systems
operated by a single lever also appeared to present a reduced risk compared to
independent-braking systems (i.e. front and rear brakes operated via separate left-
and right-hand levers on the handlebars). The independent-braking system often
resulted in the rear wheel lifting off the ground when performing a stop at higher
speeds (>20km/h).

Closing out this four-part programme of research, the final study performed a review
of evidence to determine whether riding e-scooters can be classified as ‘active travel’
(Beard, Lawson & Jenkins, 2020). This review explored the physical and mental
health impacts of riding an e-scooter. There was a lack of literature on both points;
however, it was concluded that a reasonable assumption could be made that using
an e-scooter offers more exercise than standing or riding a bus. In addition, the
positive experience of riding has the potential to have positive impacts on mental
well-being, although ultimately more evidence would be required to determine
whether it can truly be considered ‘active’ and quantify the benefits of e-scooter
riding. Considering this work as a whole, there are useful findings that can contribute
to the current investigation on e-scooter construction standards; in particular, the
evidence around brake and wheel considerations drawn from study three. These are
discussed in Sections 3.2.2.4and 3.2.2.5respectively.

In 2021, TRL conducted an extensive study for the European Commission in the
market development and safety of personal mobility devices and L-category vehicles
(including e-scooters) (Guy et al., 2021). This work included an analysis of the
market and the influence of existing legislations at the EU and national level, an
evaluation of available accident data involving these vehicle types, and the provision
of a series of recommendations for minimum safety technical requirements. One of
the primary conclusions of this work is the recommendation to devise a dedicated
system for the harmonious approval of personal mobility devices that is separate
from current regulations (EU No. 168/2013). In other words, the study presents the
justification for the current investigation. In addition, some specific recommendations
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were proposed around construction standards of these devices. First, is to increase
the power limit of personal mobility devices from 250W to 1000W, because this
would allow sufficient power for most designs and configurations of vehicle. And
second, is to increase the speed limit of these devices to 30km/h to align with speed
limits being used in many urban areas. These points around speed and power limits
are discussed further in Sections 3.2.2.1and 3.2.2.2respectively.

The last TRL case study to be discussed is a recent review of e-scooter policy and
regulation (CPC & TRL, 2022). Policy and regulatory interventions from across six
countries (France, Germany, Spain, Denmark, New Zealand, and three US states)
are explored, as well as literature on the impacts of these interventions on safety,
environmental outcomes, economic opportunities, and society. Much like the other
reviews conducted previously, this work highlighted once again the lack of robust
literature and regulatory interventions across all locations under investigation. Of
relevance to the current investigation, it was found that maximum speed limit applied
to e-scooters ranged between 20-25km/h across locations (with the exception of one
US state which featured a 40km/h speed limit). This point is discussed further in
Section 3.2.2.1.

3.2.2 Construction standards

Seven construction standard documents were identified from the search of evidence.
Three of which define technical specifications which are currently applied to e-
scooters across Europe, Germany, the Netherlands and Spain; these details are
presented in Table 2. Two cover technical specifications for electrically assisted
pedal cycles (EAPCs), shown in Table 3. The final construction standard document
(UL 2272) is a white paper which was produced in response to the documented risk
associated with the rechargeable battery systems used in e-mobility devices (in
particular, hoverboards). As such, UL 2272 largely gives focus to construction
standards surrounding battery safety and so has not been included in Table 2;
instead, this paper is discussed separately in 3.2.2.3. This is of particular importance
as Work Package 2 of this project will give a specific focus to battery safety.
Alongside the formal construction standards provided in Table 2 are industry
documents that provide recommendations for regulatory requirements of e-scooters.
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Table 2: Details of the regulatory requirements (construction standards) and recommendations (industry documents)

Max speed limit 25 km/h; Classes 2 6-20 km/h 6-25 km/h; Maximum design speed 20 km/h; 25 km/h for 25 km/h
and 4 vehicles shall be maximum of 6-25 km/h consideration should standing e-
equipped with a acceleration of also be given to scooters; 35 km/h
pedestrian mode for 1.5 m/s? implementing lower  for seated e-
limiting speed to a limits for shared e- scooters
maximum of 6 km/h scooters in
pedestrianised
zones
Max continuous  No power limit 500 W or no more 400 W Self-balancing vehicles: 250 W 250 W for 500 W
rated power limit required, providing that than 1,400 W if at <2,500 W (at least 60 % standing e-
the driving power least 60 % of the of this power must be scooters; 500 W
ensures that the power is used for dedicated to the self- for seated e-
vehicle speed cannot self-balancing balancing system) scooters
exceed the maximum Passenger vehicles
speed of the vehicle’s without self-balancing:
class <1,000 W
Cargo vehicles: <1,500
w
Batteries Shall be designed to Unspecified Unspecified Vehicles can be Unspecified Unspecified Maximum battery
avoid risk of fire, equipped with batteries supply voltage
ignition, overheating, up to 100 VDC and with <48V
and emission of an integrated charger up
dangerous substances to 240 VAC input;
(gas or liquid) resulting battery requirements
from abnormal use must also comply with
that specified in EN
17128:2020
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Brakes Shall be equipped with  Must be equipped = Unspecified Shall be fitted with two Recommend a Unspecified Unspecified
at least one braking with two independent brakes, requirement for
device; actuated by independent which may be operated  independent front
hand with a lever or by = brakes which are from the same actuator;  and rear wheel
foot while being in a able to brake the freight or other service braking devices
normal driving position = vehicle to a vehicles shall require

standstill, act up separate actuators for
to a maximum each axle; brakes must
speed, and decelerate the vehicle to
achieve a astop, actupto a
deceleration value maximum speed, and

of 2.5 m/s? achieve a deceleration

of 3.5 m/s2; one brake
should be able to exert a
minimum of 44 % of the
braking effect without
affecting vehicle
trajectory

Dimensions Unspecified Width: 0.7 m Width: 0.75 m Passenger vehicle: Unspecified Unspecified Deck width: 350
Height: 1.4 m Height: 1.5 m Width: 0.75 m mm

Length: 2 m Length: 2 m Height: 1.4 m
Length: 2 m

Cargo vehicle:
Width: 1 m
Height: 1.8 m
Length: 2 m
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No. of wheels

Wheel size

Structural
integrity
(including
handlebars and
frame)

Unspecified

Unspecified

Device shall be
structurally sound with
no hazardous edges/
corners/ protrusions/
moving parts, and
recommendation to
reduce vibrations

No less than two

Unspecified

Unspecified

No less than
two

Unspecified

Unspecified

One or more

Minimum diameter
(including tyre) of 8"
and made of a material
that allows grip on the
ground; under no
circumstances shall the
use of slick tyres be
permitted.

Applying procedures
described in EN
17128:2020, the vehicle
should show no
fractures or permanent
deformations

Unspecified;
however, it is noted

the most e-scooters

feature two wheels
set one behind the
other

Minimum front

wheel size of 12~
and minimum rear
wheel size of 10 ”

Statement of fit for
purpose’ by
manufacturer

No less than two

Minimum of 8 ” for
standing e-
scooters;
minimum of 10 ”
for seated e-
scooters

Unspecified

Two

Minimum of 8.5”

Shall be
sufficiently robust
to withstand their
intended use
(including
maintenance and
adjustments) over
their normal
lifetime; the
manufacturer
shall provide a
statement to this
effect
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TIRL

Structural
integrity
(including
handlebars and
frame)

Lighting

Device shall be

structurally sound with

no hazardous edges/
corners/ protrusions/
moving parts, and
recommendation to
reduce vibrations

Most important safety
requirement is not to
see during night use
(or tunnels) but be
seen from other traffic
users

Unspecified

Lighting
equipment (which
includes
phosphors and
reflecting agents)
must meet
existing
requirements of
the Road Traffic
Licensing
Regulations

Unspecified

Unspecified

Applying procedures
described in EN
17128:2020, the vehicle
should show no
fractures or permanent
deformations

Shall be equipped with
front (white), both sides
(white or yellow) and
rear (red) reflectors;
must also be equipped
with a lighting system at
the front (white) and rear
(red); cargo vehicles
shall be fitted with
yellow side reflectors
and red rear reflectors
on the edges and
corners of the load and
require both front and
rear direction indicators

Statement of ‘fit for
purpose’ by
manufacturer

Independent front
and rear lighting;
consideration should
also be given to
implementing the
use of indicator
lights to reduce the
need of performing
hand signals while
riding

Unspecified

Must be fitted with
lighting and
signalling devices

Shall be
sufficiently robust
to withstand their
intended use
(including
maintenance and
adjustments) over
their normal
lifetime; the
manufacturer
shall provide a
statement to this
effect

Must be fitted with
lighting and
signalling devices
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Audible warning
signal

Additional
points of note

An audible device,
controlled by a
command on the
device handlebar, shall
be provided to allow a
warning to be given to
persons in the vicinity
of the vehicle

Harmonised with the
EU Machinery
Directive
(2006/42/EC),
implemented in Great
Britain via The Supply
of Machinery (Safety)
Regulations 2008

with at least one
audible warning
signal

A steering or
handrail of at
least 700 mm
(500 mm for those
with a seat)

Must be equipped  Unspecified

None

‘Unspecified  Shall be equipped with

an audible warning
device that complies
with the requirements
set out in EN
17128:2020; cargo
vehicles also require an
audible reversing
warning

For self-balancing
vehicles fitted with a
seat, the seat reference
point shall be 540 mm;
handlebars shall have a
minimum height of 700
mm (this may be
reduced to 500 mm for
self-balancing seated
vehicles); vehicles with
<3 wheels shall be fitted
with a stabilisation
system for use while
parked (i.e. a kickstand”)

Must be fitted with
an audible warning
device

Must be fitted with
anti-tampering
mechanisms and
two independently-
operated braking
devices (one acting
on the front wheel
and one acting on
the rear wheel)

Unspecified

None

Must be fitted with
an audible
warning device

Must be fitted with
anti-lock and
combined brake
systems, as well
as anti-tampering
measures
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Unless otherwise unspecified, it can be seen from the above details that there are no
significant differences between the different construction standards. Any differences
that do exist appear only marginal; for instance, the specifications for device width
and height only differ by 0.05 m and 0.1 m respectively between the German and
Dutch standards. However, these minor differences in fact equate to a major market
impact, in that a product built to the maximum Dutch dimensions could not be sold in
the German market. Thus, trade barriers are being created without any clear
justification.

The formal construction standards are also largely supported by industry reports
which have recommended similar specifications. One element with notable
differences across the documentation is the maximum continuous rated power limit.
The ETSC and PACTS (2023) and MCIA (2019) industry reports recommend a limit
of 250 W (and in the case of the latter, 500 W for seated e-scooters), the Dutch
framework specifies a limit of 400 W, while the German framework and MCIA (2021)
report state a 500 W limit. It is worth noting that EN 17128:2020 does not specify a
power limit as “limiting the power of a self-balancing vehicle risks the inability [sic] to
find the balance at any moment’ (p.73). In addition, this standard explains that e-
scooters — being designed to be portable and as such being limited in the size of
batteries and motors which can be fitted — are naturally limited in their maximum
power. For these reasons, EN 17128:2020 justifies no formal power limit. The
reasoning applied here does not seem to be robust, since EN17128:2020 does not
specify a weight limit either, thus the weight, and therefore by the logic of the
standard, power of the machine is limited only by what somebody might be prepared
to transport, which evidence from the mobility scooter industry suggests could be
150kg or more.

It is also worth noting the industry reports have made recommendations for minimum
wheel sizes of e-scooters, a design element which has not been specified in any
construction standard. It is unclear why this element has not been included in
construction standards as yet, because there is evidence (see Section 3.2.2.5) to
suggest that an e-scooter’s wheel size can have an impact on the safety of the
device.

With regards to the European standard, EN 17128:2020, the UK voted against its
approval based on concerns that it does not seek to improve safety and is deficient
in a number of areas (including battery safety), even going so far as to recommend
changes to clauses felt to be inconsistent with the rest of the standard. This being
understood, the current review will look to answer whether these are sufficient
reasons for the DfT to justify not adopting the EN 17128:2020 standard in the UK.

In addition to that outlined in Table 2, some e-scooter manufacturers have also
stated that they have adopted construction standards for electrically-assisted pedal
cycles (EAPCs) to set the performance criteria for their e-scooters. It is worth noting
that these standards for EAPCs are in turn built upon existing standards for bicycles.
Two standards relating to bicycles and EAPCs are presented in Table 3.
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Table 3: Details of the regulatory requirements of bicycles and e-bikes (as e-
scooters are fundamentally different in design from bicycles, details on
dimensions, wheel size, and mass have not been included in this table)

Technical element

Max speed limit

Max continuous rated
power limit

Batteries

Brakes

No. of wheels

Structural integrity

Lighting

Audible warning signal

Bicycles: ISO 4210

Unspecified

Unspecified

Shall be designed to avoid risk
of fire and mechanical
deterioration resulting from
abnormal use; charging
systems must be designed to
prevent overvoltage,
overheating, hot disconnect,
and short circuiting

Unspecified

Two

Shall be sufficiently robust to
withstand their intended use
(including maintenance and
adjustments) over their normal
lifetime

Shall be equipped with lighting
(front and rear) and reflectors
(front - white, rear - red, side —
white or yellow, and pedals -
yellow) in conformity with the
national regulations in the
country in which the bicycle is
marketed

Where a bell or other suitable
device is fitted, it shall comply
with the provisions in force in
the country in which the product
is marketed

E-Bikes: EN 15194:2017

The electrical motor shall offer
assistance up to 25 km/h or lower

250 W

Shall be designed to avoid risk of
fire and mechanical deterioration
resulting from abnormal use;
charging systems must be
designed to prevent overcharging,
and appropriate overheating and
short circuit protection shall be
fitted

Shall be equipped with at least two
independently actuated braking-
systems, one acting on the front
wheel and one on the rear wheel,
braking systems shall operate
without binding

Two

Shall be sufficiently robust to
withstand their intended use
(including maintenance and
adjustments) over their normal
lifetime

Shall be equipped with lighting
(front and rear) and reflectors (front
- white, rear - red, side — white or
yellow, and pedals - yellow) in
conformity with the national
regulations in the country in which
the bicycle is marketed

Where a bell or other suitable
device is fitted, it shall comply with
the provisions in force in the
country in which the product is
marketed

The two bicycle construction standards align on all factors aside from speed and
power limits where ISO 4210 does not specify any requirements for these elements.
When looking at these requirements specified by EN 15194:2017, the speed and
power limits align with the recommendations for e-scooter standards proposed by
MCIA in 2019. However, it must be borne in mind that EAPCs are powered jointly by

the electric motor and the rider, while e-scooters are driven exclusively by the
electric motor (with the exception of the kick start).
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The following subsections discuss the evidence around how these different technical
elements should be regulated, and how well the current standards shown in Table 2
and Table 3 align with this evidence.

3.2.2.1 Speed limits

Following the consultation of the UK rental e-scooter trials, a requirement has been
specified in the country that rental e-scooters have a maximum speed not exceeding
15.5 mph (25 km/h). This appears to be the common standard, because it aligns with
the recommendations put forth by MCIA (2019; 2021), as well the Dutch and
Spanish frameworks and EN 17128:2020. ETSC and PACTS (2023) on the other
hand recommends a maximum speed limit of 20km/h which aligns with the German
eKFV standard. They base this on crash test data performed by the MAPFRE
Foundation, which showed considerable risk of injury to both the rider and any
pedestrian that might be hit compared to lower speeds. In addition, PACTS (2022)
explains that an operating speed of 20 km/h is higher than the average speed of
many pedal cycles in urban areas. Lower speed limits of 6km/h (EN 17128:2020)
and 10 km/h (PACTS, 2022) have also been recommended for pedestrianised
zones, though enforcement of such speeds would likely be reliant on police
resources and therefore difficult to implement. Meanwhile, Guy et al. (2021)
suggests increasing the speed limit to 30 km/h to align with speed limits being used
in many urban areas, though they recommend that this be partnered with careful
monitoring to ensure the higher limit does not lead to an increase in casualties.

The difficulty in specifying a requirement for the maximum speed limit of e-scooters
comes from their ability to operate in traffic environments of differing speeds, both
alongside pedestrians and motorised transport. E-scooters must therefore be able to
travel sufficiently fast to operate alongside the latter, which in turn creates a safety
risk when allowed to operate alongside the former.

Given the inconsistency in standards and recommendations, as well as the lack of
evidence providing recommendations on appropriate speed limits for e-scooters, it is
difficult to draw any reliable conclusions on this element. Unless e-scooters are
restricted only to a single environment wherein a requirement can be specified to
match that of existing traffic in that environment, there may yet continue to be a
challenge in creating a safe optimal standard for e-scooter speed limits.

3.2.2.2 Power limits

With regards to limits on an e-scooter’s continuous rated power, current standards,

regulations and recommendations largely specify a range between 250 W to 1,000

W (see Table 2). The 500 W limit is also what is required of rental e-scooters in the
UK (Transport Committee, 2020). This 250-500 W range has also been observed in
the regulatory requirements many countries have enforced around the operation of
e-scooters (Hitchings et al., 2021). However, there are some exceptions.

Specifically, EN 17128:2020 does not require a maximum power limit, but does
specify a maximum acceleration value of 2 m/s?. The stated justification being that
the size and portability of e-scooters naturally limits the size of the batteries and
motors that can be fitted which in turn limits maximum power that these devices can
have, which, as noted above, lacks robust engineering validity.
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If a power limit is to be used, our previous work for the European Commission
suggests a larger power limit is appropriate. We explained that the 250W limit which
has been applied to many e-scooters aligns with that applied to EAPCs (PACTS,
2022), as is applied in EN 15194:2017 (see Table 3). However, EAPCs are
supported by the rider’s pedalling and consequently have significantly more than 250
W of power available at the wheel and can therefore manage to climb steep
gradients and travel at speeds faster than 25 km/h without electric motor assistance.
Unlike EAPCs, e-scooters have no human assistance and rely entirely on the motor
to propel the vehicle (once in motion). In our 2021 report to the European
Commission we recommended a power limit of 1,000 W for all forms of personal
mobility device including e-scooters which would allow sufficient power for most e-
scooter designs and configurations. This recommendation was based on an analysis
of the power requirements of a variety of personal mobility devices including cargo
bikes and is intended in part to resolve categorisation issues at the bottom end of
Regulation (EU) No 168/2013. This power limit is however conditional on the robust
application of built-in speed limitation devices and appropriate measures to ensure
acceptable controllability, particularly under acceleration.

There would therefore appear to be some evidence to support having a maximum
power limit greater than 250 W. Limiting the maximum power of the device to some
extent limits the maximum speed of the device while also limiting the ability of the
vehicle to reach an adequate speed when climbing a gradient or riding into a
headwind, both of which are undesirable consequences. Regulating the power and
speed limits at the construction level is considered one way to ensure compliance
with specified limits, easing the burden on police enforcement (PACTS, 2022). Any
specified power limit must factor in the expected use of e-scooters, including where
they are likely to operate (e.g. on roads, pedestrianised zones), associated speed
limits, as well as easing the burden on enforcement. The concept of a power limit,
whether one is appropriate, and what other safety requirements could be put in place
instead will be explored as part of Work Package 2, which shall seek to generate a
strong evidence base on the recommended minimum technical requirements for e-
scooters in the UK context.

3.2.2.3 Batteries

As mentioned at the beginning of Section 3.2.2, one of the identified construction
standard documents, UL 2272, gave specific attention to battery safety. This white
paper details the demonstrable fire safety risk associated with hoverboard devices,
with 52 fires being attributed to these devices between mid-2015 and February 2016.
Part of the reason behind this issue was the improper certification marks given to
hoverboards — with product packaging showing testing and certification marks for
individual components of the device, but not for the device as a whole. UL 2272
explains that while safety testing of the types of power systems used in e-mobility
devices has been in place for many years, these may not perform as expected when
combined with other components in a given application.

UL 2272 therefore proposes a system-level approach, rather than a component-level
approach, to safety testing e-mobility devices. Specifically, they specify a series of
electrical safety tests assessing:
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e Overcharge

e Short circuit

e Over-discharge

e Temperature

e Imbalance charging
e Dielectric voltage

e Leakage current

e Grounding continuity
¢ |solation resistance

These tests align with the requirements specified in EN 17128:2020. E-mobility
manufacturers are expected to have certification of these tests on their products.
Those that are compliant with the requirements of UL 2272 will be given a
specialised holographic mark to evidence their certification. These specialised marks
will also help to counter counterfeit safety marks which were found to contribute to
the aforementioned fire incidents.

In addition to the above safety testing requirements specified in UL 2272, the EU has
also established a new regulatory framework for batteries (EPRS, 2021). This
framework aims to introduce mandatory requirements on the sustainability (e.g.
carbon footprint rules, performance and durability criteria), safety, and end-of-life
management of batteries. These changes, planned to apply from as early as 2024,
would apply to the batteries used within e-mobility devices such as e-scooters.

Although most of the construction standards and industry reports summarised in
Table 2 do not provide any specifications on battery requirements, it is clear that
consideration should be given to this element of e-scooter design. In particular, the
standard set out in UL 2272 provides the minimum requirements on which battery
safety should be tested.

3.2.2.4 Brakes

Unless otherwise unspecified, standards and industry documents specify a
requirement for at least one (EN 17128:2020) or two independent braking systems
(eKFV; EN 15194:2017; ETSC & PACTS, 2023). During our off-street e-scooter trials
(detailed in Section 3.2.1), it was observed that triggering both brakes together
reduced the risk of having the rear wheel lift off the ground when undergoing harsh
braking at faster speeds (=20 km/h). This might suggest a risk associated with
independent braking systems. It may therefore be necessary to include a braking
test as part of the technical requirements that considers these types of occurrences.
This type of test is already included in EN 17128:2020.

To complement the work we completed for DfT, Siebert et al. (2021) conducted a
series of observations and surveys with e-scooter users to investigate the
ergonomics of e-scooter braking systems and the potential impact on rider safety.
Specifically, the study assessed riders’ ability to identify which brake actuator was
coupled with which wheel (front or rear) and their ability to ready the brake actuator.
The observations were conducted in Berlin in the Autumn of 2019 through cameras
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mounted at three different sites where the six leading e-scooter rental service
providers were active. Questionnaires asking participants (N=156) about their e-
scooter usage, knowledge and adherence to safety regulations, and questions about
the braking system of the e-scooter they last used were also distributed in these
locations.

Only one third of questionnaire respondents were able to correctly identify the
braking system of the e-scooter they had last used, suggesting a lack of a simple
mental model for e-scooter braking systems. In addition, across the 2,082 observed
riders, it was determined that a left-hand brake lever is readied significantly more
often than a right-hand lever, which in turn is readied more often than a footbrake.
Siebert et al. reason that this is because the accelerator is typically operated by the
right thumb, which could potentially impede the readying of right-hand braking.

PACTS (2022) recommend having more than one independent means of braking,
arguing that this increases the effectiveness of stopping as well as stability while
stopping. The requirement for independent braking systems is also specified in eKFV
as well as recommended by ETSC and PACTS (2023). However, there is an
argument to suggest that a single lever system is less prone to control confusion,
since there is only a single lever to reach for. Such a system does however introduce
a single failure point which could potentially leave the machine without any braking
available. Further investigation into the safety of independent and dual-operated
braking systems may therefore be justified to determine the optimal design standard
which should be applied to e-scooters. However, in the absence of such a study,
defaulting to a dual control system, with a separate, hand operated, lever for a brake
on the front and rear wheel seems to most prudent.

3.2.2.5 Wheels

With the exception of EN 17128:2020, current standards specify that e-scooters
must have no fewer than two-wheels. Devices which feature only a single wheel (e.g.
monowheel, electric unicycle) fall outside of these specifications. Currently in the UK,
rental e-scooters are required to have two wheels, front and rear, aligned along the
direction of travel (Transport Committee, 2020). This decision was made following
consultation of the UK-wide e-scooter rental trials. No requirement has been
specified for private e-scooters since these fall outside the scope of the rental trials
and remain illegal for use in public spaces.

As noted in the discussion of Table 2, there is no specified requirements around
wheel size within the summarised e-scooter construction standards. However, there
are varying recommendations put forth through industry documents. These range
from having a minimum size of eight inches (MCIA, 2019), which is reportedly the
most common size of e-scooter wheel (PACTS, 2022), up to 12 inches (ETSC &
PACTS, 2023). The e-scooter performance tests we performed for DfT, as well as
similar testing performed Strzeletz and Kuhn (referred to in ETSC & PACTS, 2023),
found that larger wheels showed greater stability than small wheels when traversing
significant surface hazards (specifically, a simulated 50 mm pothole). Small (eight
inch) solid wheels were not only found to be more unstable than larger wheels but
were also prone to incurring damage when traversing the surface hazard.

This being the case, there is a reasonable rationale for including a minimum wheel
size of at least eight inches within e-scooter technical requirements, however further

14 29 XPR133









Construction standards for e-scooters I -

3.2.2.7  Audible warning signals

Audible warning signals (such as a thumb-operated bell or horn) are included as
requirements across most of the identified construction standards and industry
documents, excluding the Dutch framework and the MCIA (2019) report. Given the
likelihood of e-scooters operating within mixed traffic environments, in particular
alongside pedestrians, an audible warning device should help to reduce risks of
collision by ensuring riders can clearly alert other road users to their presence. In
addition, it removes the reliance on riders vocalising warnings to others which may
be less clear or misunderstood. As such, it is sensible for audible warning devices to
be a mandated requirement.

3.2.2.8 Other safety considerations

The reviewed documentation also raises some additional points which are worth
considering. EN 17128:2020 provides specifications around the device being
structurally sound. In short, an e-scooter’s design should present no risk of physical
injury to the user through hazardous edges, corners, protrusions, or moving parts. In
addition, the device should be robust enough to not crack, fracture, or deform
through normal usage over its lifetime, as is required in ISO 4210 and EN
15194:2017, as well as recommended by MCIA (2021). This point should be a facet
of all e-scooter construction standards. EN 17128:2020 also highlights that —
although vibration is not considered a significant hazard and the devices’ electric
motors typically do not generate any vibrations — manufacturers are not absolved
from reducing vibration.

In addition, industry documents also recommend the need for anti-tampering
mechanisms. Given the requirement for speed and power limits, it is important that
steps are taken to prevent users from having the means to achieve performance
levels beyond that of which the devices are designed. Although this is a
recommendation that could be made for all electric vehicles, this is especially true for
e-scooters considering their potential proximity to other traffic, pedestrians, and
cyclists in busy urban environments.

3.2.3 Collision reports

As stated in Section 3.1, no information was sourced relating to e-scooter defect
reports. Collision data information was also scarce. Where collision data is available,
it is necessary to recognise that the reporting and recording of e-scooter related
incidents is not up to the same standard of other vehicle modes. E-scooters are not
one of the designated vehicle types collected in STATS19 and so fall under the
‘Other vehicle’ category. This then relies on the quality of information entered into a
free text field which cannot be validated in the same way as the designated vehicle
type data. Furthermore, many non-fatal, single vehicle incidents will likely go
unreported as e-scooter users will have no obligation to inform the police of such
collisions. These points must be borne in mind when interpreting the available
collision data.

DfT’s latest factsheet on reported e-scooter collisions in the UK, which is based on
STATS19 data up to May 2023, provides information on the observable trends. The
total number of collisions for the year ending 2022 (1,369; 12 fatalities) is broken
down into casualties by age, time of day, police force area, and e-scooter trial area.
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3.3 Conclusion to literature review

The purpose of this work package has been to review existing construction
standards and related evidence to understand the state of the art with regard to
technical requirements for e-scooters. Collision and defect reports were also
considered within this review, intended to allow for further insight to be drawn on e-
scooter design requirements. Four e-scooter standards and two EAPC standards
were identified, coupled with previous TRL research, academic papers and a small
selection of industry reports.

The following conclusions have been drawn from across both rounds of the literature
review:

e Current standards and regulations, though similar in many regards,
show some inconsistency — For example, as presented in Table 2, one
national regulation has a power limit of 1,000 W, another 500 W and a third
400 W, while various organisations have recommended limits between 250 W
and 500 W while the current standard requires no power limit at all. These
inconsistencies are likely to have a major market impact by restricting the sale
of e-scooters designed to one standard only to locations which uphold that
standard.

e Industry reports make recommendations for technical requirements not
yet considered within current standards — Some such recommendations
include a minimum wheel size between 8-12 7, depending on the source, and
anti-tampering mechanisms. These elements have the potential to impact on
user safety if not managed correctly, so there is arguably sufficient justification
to incorporate these elements in construction standards. However, more
evidence is still required to establish a minimum standard on such missing
elements as there are inconsistencies across the recommendations that have
been made. Care must be taken to ensure that regulations do not stifle
potential innovations that may lead to superior rider experience and safety,
and to ensure that unintended consequences are minimised, e.g. anti-
tampering systems preventing easy maintenance thus leading to higher
environmental impacts.

e Collision data is limited and does not allow for insight to be drawn on
the technical requirements of e-scooters — There is a need to improve the
quality of reporting and recording of data around e-scooter incidents. Though
improvements are being made as this new transport mode becomes common,
it is critical that a standardised process for reporting e-scooter incidents is
established. Doing so would allow for more reliable insights to be drawn from
collision data.

In spite of these conclusions, there are some considerations that can be made
around the technical requirements of e-scooters. This includes:

e Power limits of 250 W may not be sufficient for all designs and
configurations of e-scooter — Some industry reports (ETSC & PACTS,
2023; MCIA, 2019) have recommended a maximum power limit of 250 W.
However, our previous work for EC suggests that more power is required in a
e-scooter to allow travel in different environments (e.g. hill-climbing). We
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4 Key insights from stakeholder engagement

This chapter summarises the key findings from the stakeholder engagement
undertaken throughout this project. The information in this chapter does not
constitute specific views, conclusions or recommendations from any specific
stakeholders, but instead provides a summary of the main viewpoints and key
themes which emerged from the series of discussions held with stakeholders.
Information has been largely summarised at face value to outline the views
expressed by stakeholders. The insights gathered have been considered during
development of the recommendations, alongside other evidence gathered during this
project.

4.1 Workshop with industry groups and road safety associations

4.1.1 Overview and objectives

An online workshop was held with representatives from road safety organisations
and industry groups. The objective of the workshop was to share details on the
activities being undertaken in this project, in order to gather initial insights from
stakeholders, including references to relevant data or literature that could help inform
the development of future regulation. The workshop was structured around several
key topics relevant to e-scooter technical requirements; the philosophy of regulation,
performance limits, battery safety, e-scooter configuration, stability, structural
integrity, sustainability and tampering.

4.1.2 Philosophy of regulation

The consensus was that e-scooters should be zero emission at point of use and
generally support decarbonisation. They should play a part in facilitating the
integration of other transport modes, but shifting mode from walking to e-scooters
should be avoided. It was also acknowledged that the UK does not have much in the
way of segregated cycling infrastructure, and so regulation has a key role for
managing safety risks.

4.1.3 Regulation

It was pointed out that while flexibility is important, regulations exist for a reason, for
example there is a reason we have lots of regulations around cars, and while it was
acknowledged that this makes them more expensive, this isn’t a reason in itself for
not regulating for safety. It was argued that regulation should ‘raise the bar’ for all e-
scooters, and the removal of cheap e-scooters from the market may be a good thing
for safety. However it was also raised that while the manufacture and sale of bicycles
is regulated, there is little regulation applying to their use. It was also argued that
sight shouldn’t be lost of the fact that there are often sustainable alternatives to e-
scooters, for example walking, cycling or taking the bus. Finally, it was noted that
care should be given in relation to the blurring of edges between e-scooters and
mopeds.
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4.2 Interviews with manufacturers, retailers/distributors,
operators

4.2.1 Overview and objectives

Interviews were conducted with representatives from e-scooter manufacturers,
retailers, distributors and shared micromobility operators. The objective of the
interviews was to gather insights and views from these stakeholders on potential
regulatory approaches, the rationale behind current e-scooter design and
manufacturing processes, the extent to which current standards are followed and
deemed appropriate and whether there are any particular concerns or perceived
unintended consequences from future e-scooter regulation which stakeholders are
keen to avoid.

4.2.2 General thoughts

These groups were generally keen to see regulation in place in the UK as soon as
possible, with some citing the ability of other countries to implement legislation, for
example Germany. While most did have opinions on what such legislation should
contain, they were also of the opinion that clarity and certainty in itself was beneficial,
even if it didn’t align specifically with their preferences. Some cited research
suggesting that there was a large untapped market of potential e-scooter purchasers
and users who were currently put off by the current lack of legislation. A general
suggestion made by some was that e-scooters should be treated the same as e-
bikes.

One observation was that the 'enforcement’ part of the regulatory process should
happen before the point of it being offered for sale in retailers or online. Further
suggestions included keeping the regulations as simple as possible to allow
minimum standards to be established and then allowing flexibility to innovate beyond
those standards, and avoiding overregulation that could prevent some products from
making it to market.

4.2.3 Regulations and standards

In the absence of any specific regulations and standards for e-scooters in the UK,
manufacturers, operators and retailers referred to a wide range of related or more
general standards which they typically aligned with. Primarily among them was
EN17128:2020 which relates to test methods for personal light electric vehicles, and
EN15194:2017, the EAPC standard. Others mentioned were a mixture of more
general standards, and regulations or standards that have already