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Non-Exhaust Emissions from Road Transport

Non-exhaust emissions (e.g., brake, tyre and road
surface wear) remain largely unregulated in the
UK. This briefing note considers what we do and
don't know about non-exhaust emissions, why
they are important, how they may respond to
future changes, and how we can reduce their
impacts.

Background

Particulate matter (PM) is recognised as a leading
risk factor for premature death worldwide*
Exposure to PM has been linked to a range of
detrimental health outcomes, including well
established links with heart and lung diseases,
lung cancer, and all-cause mortality.? There is
also a growing body of evidence which suggests
adverse effects on cognitive performance?,
mental health* and the onset of
neurodegenerative diseases.® It is now believed
that there is no safe level for ambient PM with
harmful health outcomes occurring at very low
exposure levels®, supporting the need for
continued air quality improvements. Transport
remains a prominent source of PM worldwide”?,
including the UK where it is estimated to
contribute 13% of annual fine PM (PM,;)
emissions.® Transport is also the single largest
source of greenhouse gases in the UK, a major
producer of other air pollutants including
nitrogen oxides (NO,) from fuel combustion,® and
a source of other health stressors such as traffic
noise, road fatalities and injuries.

Overview

Vehicle exhaust emissions have
decreased significantly in recent years,
due to stringent regulation and policy.

Non-exhaust emissions are now
considered a more prominent source of
particulate matter, due to tyre, brake and
road wear,

Electric vehicles will continue to produce
non-exhaust emissions.

There is a need for regulatory action to
address this source that is contributing to
poor air quality and health burdens.

Primary exhaust emissions from road transport
are an important source of air pollution,
especially in urban environments.*® Due to
stringent regulation and technological innovation,
these emissions have drastically reduced over
the last 20 years,™ and ambient concentrations of
exhaust pollutants have generally decreased.*
However, on-road transportation is also a source
of non-exhaust emissions, through processes
such as brake, tyre and road wear, and dust
resuspension 3 Whilst exhaust emissions of
PM.s have reduced substantially, non-exhaust
emissions have continually increased and are
estimated to represent over 60% of PM.; (by
mass) from road vehicles.*® Rail transport
(including trams and rapid transit systems) also
produces non-exhaust emissions through rail-
wheel-brake interfaces, and overhead line
contact®*Clean air policy has almost exclusively
focussed on the reduction of exhaust emissions.*®
Conversely, non-exhaust emissions have gone
largely unregulated and remain a growing
environmental and health policy challenge.**=°
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Current contribution of non-exhaust emissions

According to the latest data from the UK National
Atmospheric Emissions Inventory (NAEI) non-
exhaust emissions are now estimated to exceed
exhaust emissions of both PM,;and PM,, by
some margin.? By 2030 non-exhaust emissions
are currently projected to be responsible for 90%
of all road transport PM,semissions, and 10% of
the UK's total PM,5 emissions.’® This trend is
similarly observed across many European
countries, with non-exhaust emissions now
beginning to form the dominant share of
transport emissions.?* Future projections of non-
exhaust emissions are largely based on
predictions for traffic growth and changes in
vehicle fleet composition (e.g., uptake of electric
vehicles). However, there are major uncertainties
surrounding these projections, with the effects of
changing vehicle design and people's travel
behaviours remaining largely unknown. It is also
yet to be determined what effect the future
penetration of alternative vehicle technologies
will have on non-exhaust emissions.®

‘Zero-emission’ technologies

As outlined in the 2019 Clean Air and 2021 Net
Zero strategies, alternative fuel technologies (e.g.
electric and hydrogen) will play a pivotal role in
decarbonising transport and improving national
air quality #+#> Misleadingly, however, these
alternatives are often referred to as “zero-
emission” and consequently seen as a cure-all
for transport's air quality impacts. The term zero-
emission however only refers to the primary
exhaust emissions, and does not account for the
non-exhaust emissions that will continue to be
produced. It also does not consider the known
detrimental environmental impacts associated
with the whole vehicle/fuel life-cycle, such as
emissions from electricity generation,® or the
hazardous by-products created through battery
production® and disposal.®

There is emerging evidence these alternative
technologies may actually generate more non-
exhaust emissions than conventional combustion
vehicles. Electric vehicles are typically 24%
heavier than their fossil-fuel counterparts, which
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means they have the potential to generate more
PM at points of friction between brakes and
wheels, and wheels and road ?*3° Some
modelling studies have consequently shown that
electric vehicle uptake may not substantially
improve air quality 3*3 One of the critical factors
influencing these scenarios is that of
regenerative braking. Regenerative braking is a
non-frictional braking system that can be used
by electric vehicles to slow down and recharge
their batteries. Their predicted benefits vary
substantially, and many claims lack concrete
data®, but may reduce the production of brake-
wear particles by 25-95%.2° Whether electric
vehicles can deliver net-reductions in non-
exhaust emissions is critically dependent on the
extent of regenerative braking, its real-world
effectiveness® and the influence of any changes
in driver behaviour. We need to regulate and
reduce non-exhaust emissions with the same
stringency that has successfully reduced exhaust
emissions, including careful consideration of
unintended consequences, for environment and
health, of rapid fleet decarbonisation. The value
of these technologies cannot be understated,
and will provide immense benefit through
reduced emissions of greenhouse gases and
other air pollutants, reduced noise pollution, and
reduced fossil-fuel consumption. They are not,
however, a panacea for air quality impacts of
transport. Progress towards the latest World
Health Organisation’'s 2021 global air quality
guidelines®* will necessitate incremental air
quality gains, which will require non-exhaust
emissions (including those from electric vehicles)
to become a part of national clean air policy.
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Greater health effects of non-exhaust emissions?

PM is a complex mixture of particles with varying
physical and chemical characteristics that may
influence ability to induce harm .3 There is some
evidence to suggest that traffic-sourced PM may
pose greater risks to human health.3®* Compared
to the wealth of literature available for exhaust
emissions?’, studies on the health effects of non-
exhaust particles are very limited, despite
becoming a significant component of urban air
pollution®, and their relative contributions to
human health effects remains unclear.*® In 2020
the Committee on the Medical Effects of Air
Pollutants (COMEAP) released a statement on
the evidence for health effects of exposure to
non-exhaust emissions.“° They highlighted the
current data pool is small, with studies that differ
largely in design and outcome, and
acknowledged exposure to non-exhaust
emissions likely poses some health risks
however, there was a lack of sufficient evidence
to quantify this risk. They recommended further
health research is needed to better understand
the potential risks and provide a basis for policy
development.

Case study: Microplastics

Over its lifetime, a vehicle tyre loses between 10-
15% of its mass through wear and tear
processes* releasing substantial amounts of
rubber particles (a form of microplastic) into the
environment. Tyre wear is estimated to account
for 5-10% of plastics in the ocean globally.* It is
also recognised as a component of airborne
particulate pollution*3, and may contribute 3-7%
of ambient PM.,;# The inhalation of airborne
microplastics may pose significant risks to human
health*, including the disruption of immune
functions and development of
neurodegenerative diseases*, and a recent
study, for the first time, has detected
microplastics in the human bloodstream.*
Currently, however, there is a shortage of
epidemiological evidence for toxicological
effects arising from human exposure 3’
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Measurement and modelling
Understanding the individual contributions and
compositions of specific emission processes,
including specific non-exhaust mechanisms, can
help better understand individual health effects
and allow for targeted interventions.#74®
Characterising non-exhaust emissions is however
extremely complex, with emissions varying
between different brake, tyre and road surface
materials*?, vehicle and road types*, driving
speed and behaviours®*  and meteorological
conditions.*> Consequently, current estimates of
UK non-exhaust emissions are highly uncertain.®
Current emissions factors are further largely
based on data from the 1990s, and have not
been updated to reflect major changes in vehicle
design and fleet composition.*® Furthermore, the
national emissions inventory currently does not
report road dust resuspension, despite it being
recognised as an important source of PM in
ambient air.>® There is a need for standardised
measurement methods, for each separate non-
exhaust source, with a better representation of
real-world conditions and the current vehicle
fleet. Emissions reporting requires greater
harmonisation and consistency, and the inclusion
of dust resuspension.®® These developments
could help provide the basis for future policy and
regulation.,

Interventions
1. Reducing Non-exhaust emissions at source
Reducing use of road vehicles

Reducing the use of on-road transportation
effectively reduce both exhaust and non-exhaust
traffic emissions, and provides numerous co-
benefits including climate change mitigation,
reducing noise pollution and reducing road traffic
related injuries > Accelerating modal shift to
active travel can reduce the need for on-road
vehicles, and is a primary objective of the 2021
Transport Decarbonisation Plan.*® Active
transport provides further co-benefits by
improving health through physical activity*® and
providing greater travel satisfaction.®”

Additional strategies to reduce the use of
polluting forms of transport include road pricing
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(ie., increasing the cost per vehicle mile via tax or
fuel tariffs), workplace parking levies, local
congestion charging and odd-even license
number plate restrictions 5

Driving practices

Vehicle speed and driving behaviour (e.g., sharp
cornering and braking) influence non-exhaust
emissions. Introducing speed limits and traffic
calming measures, and promoting smooth
driving styles can reduce brake usage and dust
resuspension, thereby reducing emissions.?°%°
Driving behaviour may further benefit from
intelligent Driver Assistance Systems that will
become increasingly available in
electric/autonomous vehicles.®

Wear-resistant materials

Choice of brake, tyre and road surface material
significantly impacts non-exhaust emissions,+
therefore regulating which materials are used
may be an effective intervention. Titanium,
aluminium and ceramic brake discs are
promising alternatives to conventional cast iron,
that are more wear-resistant and may reduce
brake-wear emissions.®® However their
application is presently limited due to high
material and manufacturing costs.?® Some
studies have shown adding rubber crumbs to
traditional asphalt mixtures can reduce tyre wear
emissions by 30-50%, whilst also reducing road
wear and traffic noise.*%2 A number of
regulations affecting brake and tyre production
already exist worldwide® and could be revised
to include non-exhaust regulations.

2. Mitigation after release
Capturing/trapping emitted particles

Several innovative technological systems to
collect brake and tyre wear particles at the
source have been trialled, with promising
results.®+%> Their efficacy however remains
debated, with further practical concerns
regarding large-scale production.®®

Road sweeping, washing, and dust
Suppressants

These have all been suggested as potential
strategies to reduce road dust resuspension.®®
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However, their effectiveness is strongly
influenced by local conditions, and their
outcomes vary significantly across Europe.?®
Some studies have observed notable benefits®”
however these are often short-lived, and trials
have so far proven inconsistent Such measures
may have particular best practice applications for
locations such as construction sites.®

3. Reducing exposure to non-exhaust emissions

The concentrations of traffic-related pollutants,
including non-exhaust, are highest at roadsides,®®
therefore all steps should be taken to maximise
the distance between people and traffic to
minimise their exposure and related health
impacts. For instance, increasing the distance
between cycle lanes and traffic can reduce
cyclists' exposure,®® and walking along a side
street, as opposed to a main road can reduce
exposure by up to a half.”°

Physical barriers can also help mitigate a
person’'s immediate exposure.” Vegetation
barriers can reduce roadside elevations up to
50%,”2 and also provide important eco-system
services (e.g., sustainable urban drainage and
biodiversity).”® This may be especially useful
where large numbers of people and/or
vulnerable people come into close proximity
with traffic, such as around schools.”
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