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Non Exhaust Emissions (NEE)

Introduction

Tailpipe emissions,

gases / particulates

https://www.cvsltd.co.uk/car-leasing/volkswagen-caddy/
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International work on regulation

ÅUNECE is developing internationally recognised test procedures to measure brake and 

tyre particles

ÅMeasuring tyre and road wear particles is technically very complex

ÅOngoing work should lead to a tyre abrasion test procedure and limits in regulation 

in late 2023

ÅWork on measuring brake wear is more advanced

ÅFirst draft of UN regulation on test procedure (co-sponsored by UK DfT) is expected 

in early 2023

ÅEU has proposed limits on car (M1/N1) brake emissions within Euro 7, with initial 

limits set, during brake dynamometer testing, at 7 mg/km

ÅProposal for this limit to drop to 3 mg/km in 2035
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Measurement of Brake and Tyre Wear

ÅRicardo are supporting the Department for Transport in the UK to develop an effective system 

and methodology for measuring and characterising particles emitted from brake and tyre wear 

under real driving conditions (Phase 1)

ÅPrimary aim is to develop emissions factors 

ÅIn developing the system there was a need to consider:

ÅA common sampling system and measurement equipment which can be used for both 

brake and tyre wear

ÅRepresentative sample collection of particles from brake or tyre wear

ÅRepeatable and reproducible measurements

ÅCareful consideration of background particles (i.e., re-suspension of road dust, tailpipe 

emissions)

ÅPower and spatial demands of the system

Measurement of Brake and Tyre Wear
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System Design Example ïBrake Wear Sampling

System design and testing

Front face of the 

brake enclosure

3 enclosure approaches used ïto explore application to different braking system types
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System Design ïTyre Wear Sampling

ÅOpen duct to draw sample from behind the tyre-road 

contact patch into the measurement system.

ÅInlet fabricated to be slightly wider than the tyre, and 

just above the road and angled to keep sufficient 

entry velocity for the sample flow and allow large 

material to drop out

ÅThe duct was mounted to a bracket which in turn was 

fixed to the rear of the wheel hub carrier, so that the 

duct position is fixed relative to the wheel and swings 

with the wheel as it steers.

ÅSample probes for monitoring background ambient 

particulates were fitted to the front of the vehicle

System design and testing
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Test Plan and Drive Cycles

PG-42: 42 minutes cycle based on high particle emitting 

sections of two well-known braking cycles: Worldwide 

Harmonized Light Vehicles Test Procedure (WLTP) and 

Los Angeles City Traffic (LACT) cycle

System design and testing

Tests Details

Background 

sampling

Sampling background emissions 

from different inlets

Chassis Dyno
PG-42 cycles - sampling from 

brake and tyres

On-road/Track
Urban driving; track braking events 

of different magnitudes

ÅRepeated measurements were undertaken for 

all tests 

ÅResults shown from instrumented front brake 

and front tyre from the same wheel
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System Design ïInstrumentation

Sample analysis included:

ÅCombination of two Dekati® Electrical Low Pressure 

Impactors (ELPI+) for real-time particle size distribution 

and concentration (size range 6 nm ï10 ɛm)

ÁñColdò ELPI+ measures solid and volatile particles

ÁñHotò ELPI+ includes a 180ϲC heated inlet to remove 

the volatile component of the PM

ÅDekati® eFilter for real-time PM mass concentration 

measurements ïalso includes a filter for reference 

gravimetric determination and analysis

ÅHoriba SPCS PN23 system (raw) used in parallel from 

tunnel for lab tests

The entire system was installed to a small light duty van 

and measurements undertaken from the front wheel

System design and testing
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VW Caddy vehicle
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Particle penetration through sampling system

ÅPenetration close to 100% for 

particles up to ~3µm

ÅHence under-sampling of larger 

particles, which will have impacted 

PM10 determination by eFilter and 

gravimetry

ÅPM2.5 quantification likely to be 

more representative, and a more 

realistic objective for on-board 

sampling



12 © Ricardo plc 21 March 2023 ED14775 VERT FORUM 2023

Real time brake emissions ïChassis Dynamometer

ÅParticle number and particle mass emissions 

from the hot ELPI and eFilter coincided with 

increased braking pressure events on the 

chassis dynamometer

ÅEmissions from the cold ELPI were coincident, 

but more challenging to resolve

ÅHot ELPI/SPCS emissions ~ 5 x 109 #/km/brake, 

PG-42 CoV - 4% SPCS and 40% hot ELPI

ÅPM filter emissions ~1.6mg/km/brake 

Results - Brakes
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3 repeat PM filters from PG-42 brake testing

Thermogravimetric analysis of filters indicated 

~95% non-volatile and non-oxidizable material
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Road speed

Braking pressure, bar



13 © Ricardo plc 21 March 2023 ED14775 VERT FORUM 2023

Real time brake emissions ïUrban Road

ÅBraking events on the urban road are 

representative of real-world driving 

ÅParticle number and particle mass 

emissions events reported from braking 

overlay from the hot ELPI and eFilter 

ÅSimilar to the chassis dyno tests -

emissions from the cold ELPI were more 

challenging to attribute to specific 

braking events

ÅHot ELPI emissions 2 to 5 x 109 

#/km/brake

ÅPM filter emissions ~0.9 mg/km/brake 

Results - Brakes
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Real time brake emissions ïparticle mass size distributions

ÅMass weighted particle size distributions from 

the PG-42 and urban drives are generally 

similar

Åmass greater from more aggressive PG-42

ÅTwo modes observed: a minor mode at 

~100nm (0.1µm) and a dominant mode at 

~1.6µm

ÅThe >1µm mode is likely to be mechanically 

generated wear materials primarily released 

from the brake pad

Results - Brakes

Mass Weighted Particle Size Distributions, Cold ELPI

log scalelinear scale
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Real time tyre emissions ïChassis Dynamometer

ÅSpikes of particle number emissions were 

observed from the ELPIs, both during braking 

events but also during accelerations and 

cruises

ÅIndicating particles maybe be lost following, 

as well as during, braking events 

ÅeFilter mass emissions appear to be closely 

related to the braking events

ÅMost mass is lost immediately on braking

ÅMasses measured were an order of 

magnitude lower for tyre emissions than for 

the brake emissions

ÅThe efficiency of the tyre scoop is uncertain, 

and is to be explored in further work 

Results - Tyres
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