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Perception and reality

UK air quality crisis ?

UK Emissions Trends 1970 – 2014 

(DEFRA)

• 69% reduction in NOx

• 72% reduction in PM10

• 76% reduction in PM2.5

• 95% reduction in SO2

• NOx projection continues steep decline 
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Perception and reality

War on the motorist?
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Perception and reality

My diesel car is killing me… …as is my house

NOx Emissions from Domestic Boilers in London
Katie King

TFEIP Workshop, 12th May 2014

Study suggests domestic boiler contribution may 

be gross (100%) underprediction

Science behind this figure
https://wintoncentre.maths.cam.ac.uk/news/doe

s-air-pollution-kill-40000-people-each-year-uk
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The clock is ticking
• Urban air quality needs to be improved NOW

• Fleet renewal important

• Cost matters

• EVs will take too long to have a meaningful impact
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Emissions legislation Euro 1 (1992)

Public perception of 

the diesel engine ?



Department of Engineering Science

Emissions legislation

• Do I care what emitted the pollution I’m breathing?

• Was it even a vehicle?

• Technology neutrality!

• EVs emit PM too

EEA Report No 21/2016
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Success stories

• 1970s – Pb unleaded gasoline

• 1980s - S low sulphur gasoline & diesel

• 1990s – CO Catalysts

• 2000s – PM  effectively eliminated from diesel

• 2000s – CO2  downsizing & biofuels

• 2010s - NOx  ?

Effectively 

eliminated
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Bandwagons?

• CO2 More diesel

• NOx  Less diesel
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Bandwagons?

• CO2 More diesel

• NOx  Less diesel
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Particulates – a forgotten problem?

• The smaller the worse

• “Kill” more people than NOx (29,000 vs 23,500)

• Diesel – effectively removed with DPF from 2011
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Particulates – a forgotten problem?

• The smaller the worse

• “Kill” more people than NOx (29,000 vs 23,500)

• Diesel – effectively removed with DPF from 2011

but…

• Gasoline Direct Injection – good for CO2 bad for PM

• Emit very small PN (UFPs 10nm and below)

• AQ legislation looks at PM2.5 nearly 1000x bigger
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Particulates – multiple sources

• Do I care what emitted the pollution I’m breathing?

Paddington station (Boies et al.)

Highest concentrations of PM not from (unregulated) 

diesel trains but fast food and smokers
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London ULEZ

From 8 Apr 2019

Euro 3 for motorcycles

Euro 4 for petrol

Euro 6 for diesel

Euro VI for lorries & buses
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London ULEZ

From 8 Apr 2019

Euro 3 for motorcycles

Euro 4 for petrol

Euro 6 for diesel

Euro VI for lorries & buses

Are these the 

appropriate 

technology levels?



Department of Engineering Science

London ULEZ

* - different measurement method, assumes Euro VI double decker bus
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London ULEZ

Unregulated 

particulates from 

Petrol and 

motorbikes

* - different measurement method, assumes Euro VI double decker bus
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London ULEZ

Unregulated 

particulates from 

Petrol and 

motorbikes
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Have we forgotten 

about PM?
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London ULEZ

Unregulated 

particulates from 

Petrol and 

motorbikes
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Have we forgotten 

about PM?

Can this really happen?
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London ULEZ

Unregulated 

particulates from 

Petrol and 

motorbikes

* - different measurement method, assumes Euro VI double decker bus

YES! – over 1000x more 

PN from Euro 4 petrol
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https://doi.org/10.1016/j.scitotenv.2017.11.271


Department of Engineering Science

Legislation is not reducing real emissions?
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Legislation is not reducing real emissions?
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Policy opportunity 

to remove these 

vehicles?
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Legislation is not reducing real emissions?
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Clean diesels?
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Clean diesels?

All are Euro 6

Big, powerful 

enginesBig, heavy, 

expensive 

cars

1/3 are 

VWs…

All will have 

near zero PM
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Unintended consequences?

Transient RDE 

(Cambridge)
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Unintended consequences

Transient RDE 

(Cambridge)
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Unintended consequences?
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Speed bump (PHEV)
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Speed bump (PHEV)

Plugin hybrid emits ~1km worth of NOx per speed bump
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Unintended consequences?

• Catalyst – ~300°C

• Engine off >2 mins – SCR temp  ~ambient

• ~200s to get back to temp

• Assume 30s at bus stop – SCR temp drop by ~85°C

• ~50s to get back to temp
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Unintended consequences?

• SCR – ~340°C

• Engine off >2 mins – SCR temp  ~ambient

• ~200s to get back to temp

• Assume 30s at bus stop – SCR temp drop by ~85°C

• ~50s to get back to temp
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Unintended consequences?

• SCR – ~340°C

• Engine off >2 mins – SCR temp  ~ambient

• ~200s to get back to temp

• Assume 30s at bus stop – SCR temp drop by ~85°C

• ~50s to get back to temp  NOx “puff” at bus stop
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Unintended consequences?

• 2011 Ford Fusion petrol
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Unintended consequences?

• 2011 Ford Fusion petrol
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Unintended consequences?

• 2011 Ford Fusion petrol
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Unintended consequences?
• CO2 focus (2000s)

• More diesels 

• More NOx

• Road geography / speed bumps?

• Buses with stop/start / hybrid buses

• Hybrids / PHEVs

• Turning on engines in city centres?

• NOx focus (2010s)

• Fewer diesels

• More CO2
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Nudges
“arranging choice architecture such that individual's freedom of choice is preserved”

• Encourage change in behaviour
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Nudges
“arranging choice architecture such that individual's freedom of choice is preserved”

• Encourage change in behaviour

• Report NOx, PM, and CO2 emissions with 

road tax

Skoda Citigo
2014 petrol

NOX PM CO2

C A B

Bottom 2/3 Top 10% Top 20%
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Nudges
“arranging choice architecture such that individual's freedom of choice is preserved”

• Encourage change in behaviour

• Oblige local authorities to consider pollution 

in LEZs

The Public Sector Equality Duty (PSED) requires 
organisations to consider the potential and 
actual impact on equality of all their policies, 
procedures, decisions, informal practices, etc.
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Nudges
“arranging choice architecture such that individual's freedom of choice is preserved”

• Encourage change in behaviour

• Oblige local authorities to consider pollution 

in LEZs

Council Meeting
Agenda

1. Minutes of previous meeting
2. Matters arising
3. Buying new coal powered car
4. Installation of new speed bumps outside school
5. Installation of engine stop signs at bus stops
6. Air pollution issues
7. Any other business
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• Enforce emissions recalls #dieselgate

• Report emissions with road tax

• Public Sector Air Pollution Duty?

• Journey emissions?

Nudges
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Smart (and not so smart) solutions

• PHEVs with GPS?  Save EV mode for LEZs

• Rail electrification

• Modal shifts

• Encourage ZEVs
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Further ahead
• Electric road – Sweden

• Battery trams – Seville

• Trolley buses  off-wire capability
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Conclusions

• Crisis?

• Time matters

• EVs won’t help Technology neutrality

• NOx? What about PM and CO2?

• London ULEZ

• Not an Engineering Science problem – COST problem

• Not just vehicle factors – speed bumps!

• A number of cheap & simple solutions exist to 

improve things quickly
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Questions?

felix.leach@eng.ox.ac.uk
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Health effects
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Health effects

• This study is not about NOx (directly)

• PM and Ozone
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Vehicle emissions control

• Passive vs active

• Temperature 

matters

• Ecatalysts?

• Hybrids?

• All add cost and 

efficiency penalties

Diesel Pollutant

Vehicle calibration All Active

DOC HC, CO, NO Passive

DPF PM Passive

EGR NOx Active

LNT NOx Passive

SCR NOx Active

Gasoline Pollutant

Vehicle calibration All Active

TWC HC, CO, NOx Passive

GPF PM Passive
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Emissions legislation
Diesel Date CO THC NMHC NOx HC+NOx PM PN [#/km]

Euro 1 1992 2.72 - - - 0.97 0.14 -

Euro 2 1996 1.0 - - - 0.7 0.08 -

Euro 3 2000 0.66 - - 0.50 0.56 0.05 -

Euro 4 2005 0.50 - - 0.25 0.30 0.025 -

Euro 5a 2009 0.50 - - 0.180 0.230 0.005 -

Euro 5b 2011 0.50 - - 0.180 0.230 0.005 6×1011

Euro 6 2014 0.50 - - 0.080 0.170 0.005 6×1011

Gasoline

Euro 1 1992
2.72 
(3.16)

- - -
0.97 
(1.13)

- -

Euro 2 1996 2.2 - - - 0.5 - -

Euro 3 2000 2.3 0.20 - 0.15 - - -

Euro 4 2005 1.0 0.10 - 0.08 - - -

Euro 5 2009 1.0 0.10 0.068 0.060 - 0.005* -

Euro 6 2014 1.0 0.10 0.068 0.060 - 0.005* 6×1011**

* Applies only to vehicles with direct injection engines
** 6×1012/km within first three years from Euro 6 effective dates

Different for 

gasoline and 

diesel…

Unregulated 

regions…

Different for 

different types 

of gasoline

EVs unregulated…
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RDE Summary
• Legislation is not reducing real emissions

• Lowest NOx diesels are big, expensive vehicles

• Thanks to Nick Molden – Emissions Analytics
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Causes of emissions

• Cold starts

• Vehicle transients

• Dominate in urban environments

• Vehicle cals and aftertreatment can’t keep up

• Standard RDE will spot this, but with poor 

resolution
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Speedbump (gasoline)
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Joining the M1 (Euro 5 diesel)
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PHEV at Swiss Cottage (London)
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Transient RDE Summary
• Aggressive transients lead to high emissions

• Speed bumps – often in residential areas and 

SCHOOLS

• Joining fast traffic

• Difficult road layouts

• Euro 5 Diesel emits 4.5g NOx joining M1

• Euro 5 limit is 0.28g/km

• PHEV emits ~1km worth of NOx per speed bump and 

in complicated road layouts

• Thanks to Mark Peckham - Cambustion


