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What are non-exhaust emissions (NEE)?

NEE comprise particles emitted from:
Åbrake wear
Åtyre wear
Åroad wear
Åresuspension from the road
Åany other non-exhaust (particle) emissions associated 

with vehicle use e.g. clutch wear

Some fundamental physics
Most of these emissions derive from friction/abrasion processes

Ý the greater the vehicle mass, the greater the friction between 
tyre and road whilst moving, the greater the braking friction 
required to stop moving, and the greater the resuspension



Some context

ÅExhaust emissions have reduced substantially as a result of progressively 
stricter tail-pipe emissions standards, but there is essentially no legislation 
in place to limit or reduce NEE 

Å The NAEI indicates that NEE PM2.5 now exceeds exhaust PM2.5

ÝUnder the assumption of equal particle toxicity, NEE cause more of the 
health burden from road traffic than do exhaust particles 

present-day

exhaust

non-exhaust



Some context (2)

Important message of the report:

No such thing as a zero-emission vehicleΧ όŀƴŘ ǘƘŀǘΩǎ 
without considering any emissions associated with the 
ΨǳǇǎǘǊŜŀƳΩ ŜƴŜǊƎȅ ǎƻǳǊŎŜand a full life-cycle assessment)

AQEG recommends usage of the ǘŜǊƳƛƴƻƭƻƎȅ Ψzero 
exhaust emission vehicleΩ as more precise and preferable. 
See also https:// uk-air.defra.gov.uk/library/aqeg/zero-emission-vehicles

ÅA clear policy push in The road to zeroto decarbonise road transport, but in 
the air quality context non-exhaust emissions will remain even in a mainly 
electrical vehicle fleet

Ý Implications locally for attainment of current/future PM2.5 targets

https://uk-air.defra.gov.uk/library/aqeg/zero-emission-vehicles


Is tyre wear a source of microplasticsin the environment?

Depends on the definition of plastic ςdisagreement ƻƴ ǿƘƛŎƘ ǇƻƭȅƳŜǊǎ ŀǊŜ άǇƭŀǎǘƛŎǎέ

The L{h птнΥ нлмо ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǇƭŀǎǘƛŎ ƛǎ άƳŀǘŜǊƛŀƭ ǿƘƛŎƘ Ŏƻƴǘŀƛƴǎ ŀǎ ŀƴ ŜǎǎŜƴǘƛŀƭ 
ingredient a high molecular weight polymer and which, at some stage in its processing 
ƛƴǘƻ ŦƛƴƛǎƘŜŘ ǇǊƻŘǳŎǘǎΣ Ŏŀƴ ōŜ ǎƘŀǇŜŘ ōȅ ŦƭƻǿέΦ Elastomers such as rubbers are 
excluded from this definition of plastic. 

A further consideration is that tyre wear 
particles are not pure rubber but also contain 
much road wear fragments

If tyre wear were classed as microplastic then 
estimates are this source could be 5-10% or 
~28% of microplasticsentering the ocean

Lƴ ǘƘŜ !v9D ǊŜǇƻǊǘΣ ΨǘȅǊŜ ǿŜŀǊΩ ƛǎ ǳǎŜŘ ǿƛǘƘƻǳǘ ŀƴȅ ƛƳǇƭƛŎŀǘƛƻƴ 
as to whether these are also considered microplastic particles



The UK NAEI estimation of NEE

Uses the Tier 2 inventory method and emission factors 
in the EMEP/EEA Emissions Inventory Guidebook

Underlying data are: 
- emissions factors for TSP for cars, LGVs, HGVs and motorcycles
- PM10 and PM2.5 mass fractions to combine with the TSP 

factors, but only a single mass ratio per source

For tyre and brake wear an average speed adjustment 
factor is applied: higher emissions at lower speeds, on 
basis of greater braking and cornering per km at lower 
speeds

For HGVs, a further adjustment is applied to allow for 
the load and ςfor tyre wear ςon number of axles



The precision in the EFs obscures the reality that 
inventory values for NEE are highly uncertain 

The EFs in the EMEP/EEA Emissions Inventory Guidebook are derived from a review 
undertaken for the UNECE Task Force on Emission Inventories and Projections (TFEIP)

ü few studies 
ü studies are old 
ü large ranges in values across the studies
ü range in measurement methods (e.g. for brake wear: pin-on-disc, brake dyno, chassis dyno, 

on-road)
ü even fewer studies on PM2.5 & PM10 splits, particularly important in context of quantifying 

NEE contribution to current and future PM2.5 compliance 

Exampledata paucity:
Å Tyre wear ςpassenger cars: 7 literature sources between 1997-2002, quoting wear rates 

spanning 40-97 mg km-1, with assumption that 10% is suspended in PM10 fraction
Å Tyre wear ςHGV: 3 literature sources in 1997, PM10 emission rates spanning 14-54 mg km-1

Å Brake wear ςpassenger cars: 4 literature sources between 1999-2002, quoting wear rates 
spanning 9-20 mg km-1, with assumption that 50% is suspended in PM10 fraction

Å Brake wear ςHGV:  3 literature sources 1998-2001, PM10 emission rates spanning 23-42 mg km-1

The UK NAEI estimation of NEE

Emissions inventory DOES NOT INCLUDE ANY ESTIMATE FOR RESUSPENSION



Nationally, NEE comprise:

In 2016,
73% of PM10 road-traffic emissions 
60% of PM2.5 road-traffic emissions

= 7.4% of all primary PM2.5 exhaust

non-
exhaust

Contributions of non-exhaust PM emissions from road traffic

2016

2030

exhaust

non-
exhaust

Brake and tyre wear also 
contribute to metal emissions

and to some PAH and BC 
emissions

wŜƳƛƴŘŜǊΥ ŀōƻǾŜ ŦƛƎǳǊŜǎ ŘƻƴΩǘ 
include resuspension emissions

Projections for 2030 (assuming no 
NEE abatement),
94% of PM10 road-traffic emissions 
90% of PM2.5 road-traffic emissions
= 9.5% of all primary PM2.5



NEE by source of emission, vehicle class and road type

Roughly similar total national 
emission from tyre wear, 
brake wear and road wear

UK emissions dominated 
by cars, because of much 
greater total km driven

Also, almost half of UK NEE 
occurs on urban roads 

ςreflects traffic levels by vehicle type 
on different road types and higher EFs 
for tyre and brake wear under urban 
speed conditions



Speed dependence of EFs for brake and tyre wear

EFs normalised to their values at 100 km h-1

Speed refers to average traffic speed on the road, not to instantaneous speed of a vehicle 

factor 9 
increase at 

low average 
traffic speed

factor 1.5

Ý Brake wear 
relatively much 
more important 
on urban roads



Spatial distributions of NEE emissions estimates ςBRAKE WEAR

The emission rates from all the UK major road links are divided into quartiles

Ҧ   DARK GREEN,   LIGHT GREEN,   ORANGE,    REDҥ Highest 
quartile     

Lowest 
quartile

Largest brake wear emissions on urban road links



Spatial distributions of NEE emissions estimates ςTYRE WEAR

The emission rates from all the UK major road links are divided into quartiles

Ҧ   DARK GREEN,   LIGHT GREEN,   ORANGE,    REDҥ Highest 
quartile     

Lowest 
quartile

Largest tyre-wear emissions on motorway links


