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New Delhi AQI ~800

Air Quality (Where)

Tokyo, AQI <18 Coventry, AQI ~110

Seoul, AQI ~200

Unhealthy 
for sensitive groups

Good

Unhealthy

history.com
washingtonpost.com

Hazardous

Hazardous

Great Smog of London, 1952

Hazardous

https://www.history.com/news/the-killer-fog-that-blanketed-london-60-years-ago
https://www.washingtonpost.com/
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Air Quality Worldwide

Good Moderate Unhealthy 
for sensitive groups

Unhealthy Very Unhealthy Hazardous

aqicn.org/

http://aqicn.org/
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AQI
Air Pollution 

Level
Health Implications Cautionary Statement (for PM2.5)

0 - 50 Good Air quality is satisfactory, little or no risk None

51 -100 Moderate

Air quality is acceptable; moderate concern 

for unusually sensitive people to some 

pollutants

Active children and adults, and people with 

respiratory disease, should limit prolonged outdoor 

exertion.

101-150

Unhealthy 

for Sensitive 

Groups

The general public is not likely to be 

affected. Members of sensitive groups may 

experience health effects. 

Active children and adults, and people with 

respiratory disease, should limit prolonged outdoor 

exertion.

151-200 Unhealthy

Everyone may begin to experience health 

effects; members of sensitive groups may 

experience more serious health effects

Active children and adults, and people with 

respiratory disease, should avoid prolonged outdoor 

exertion; everyone else, especially children, should 

limit prolonged outdoor exertion

201-300
Very 

Unhealthy

Health warnings of emergency conditions. 

The entire population is more likely to be 

affected.

Active children and adults, and people with 

respiratory disease, should avoid all outdoor 

exertion; everyone else, especially children, should 

limit outdoor exertion.

300+ Hazardous
Health alert: everyone may experience more 

serious health effects
Everyone should avoid all outdoor exertion

aqicn.org/

Air Quality (Where, How)

http://aqicn.org/
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What Comprises Air Quality, Objectives and 
Health Effects

AQI Category 
(Range)

PM10

(24hr)
µg/m3

PM2.5

(24hr)
µg/m3

NO2

(24hr)
µg/m3

O3

(8hr)
µg/m3

CO (8hr)
??

SO2

(24hr)
µg/m3

NH3

(24hr)
µg/m3

Pb 
(24hr)
µg/m3

Good 
(0–50)

0–50 0–30 0–40 0–50 0–1.0 0–40 0–200 0–0.5

Satisfactory 
(51–100)

51–100 31–60 41–80 51–100 1.1–2.0 41–80 201–400 0.5–1.0

Moderately 
polluted 
(101–200)

101–250 61–90 81–180 101–168 2.1–10 81–380 401–800 1.1–2.0

Poor 
(201–300)

251–350 91–120 181–280 169–208 10–17 381–800 801–1200 2.1–3.0

Very poor 
(301–400)

351–430 121–250 281–400 209–748 17–34 801–1600 1200–1800 3.1–3.5

Severe 
(401–500)

430+ 250+ 400+ 748+ 34+ 1600+ 1800+ 3.5+

• Air pollution is a major environmental risk to health

• Reduced Life expectancy (9 months in EU, 14 years in LA, ~ 9 million deaths worldwide) 

• Damage to the environment estimated at 330-940 billion EUR)
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What Comprises Air Quality, Objectives and 
Health Effects

AQI Category 
(Range)

PM10

(24hr)
µg/m3

PM2.5

(24hr)
µg/m3

NO2

(24hr)
µg/m3

O3

(8hr)
µg/m3

CO (8hr)
??

SO2

(24hr)
µg/m3

NH3

(24hr)
µg/m3

Pb 
(24hr)
µg/m3

Good 
(0–50)

0–50 0–30 0–40 0–50 0–1.0 0–40 0–200 0–0.5

Satisfactory 
(51–100)

51–100 31–60 41–80 51–100 1.1–2.0 41–80 201–400 0.5–1.0

Moderately 
polluted 
(101–200)

101–250 61–90 81–180 101–168 2.1–10 81–380 401–800 1.1–2.0

Poor 
(201–300)

251–350 91–120 181–280 169–208 10–17 381–800 801–1200 2.1–3.0

Very poor 
(301–400)

351–430 121–250 281–400 209–748 17–34 801–1600 1200–1800 3.1–3.5

Severe 
(401–500)

430+ 250+ 400+ 748+ 34+ 1600+ 1800+ 3.5+

• Air pollution is a major environmental risk to health

• Reduced Life expectancy (9 months in EU, 14 years in LA, ~ 9 million deaths worldwide) 

• Damage to the environment estimated at 330-940 billion EUR)

Pollutant UK/ EU Not to exceed Measurement Date Health & Environmental Effects

PM10 50 µg/m3

40 µg/m3

35 times a year 24 hour mean
Annual mean

>31 Dec 2004 PM worst of all pollutants. Cardiopulmonary diseases 
(asthma, stroke, high blood pressure, inflammation in 
lungs- DPF)
2.5 micron particles are worse, aiding in cardiovascular 
cancer/ diseases, enter blood system.

PM2.5 25 µg/m3

Target 15% reduction in 
urban areas (EU 20%)

Annual mean 2020
2010-2020

NOx 200 µg/m3

40 µg/m3

18 times a year 1 hour mean
Annual Mean

31 Dec 2005

Irritation of eyes, irritate airways, lung diseases, 
breathing problem, reduced lung function, bronchitis, 
Photo chemical smog formation; Forms H2SO4, catalysed 
by NOx to form Acid Rain (destruction of plant life)

Ground 
level 
Ozone

100 µg/m3 

(EU 120 µg/m3)
10 times a year
25 times a year 
avg over 3 years

8 hour mean 31 Dec 2005

SOx 266 µg/m3

350 µg/m3

125 µg/m3

35 times a year
24 times a year
3 times a year

15 min mean
1 hour mean
24 hour mean

31 Dec 2005
31 Dec 2004
31 Dec 2004

CO 10 mg/m3 maximum daily 
running 8 hour 
mean

31 Dec 2003 Toxic- reduced O2 in blood, heart diseases, Smog 
Formation, Lung diseases.
(~50% CO is from transportation)

Lead 0.5 µg/m3 31 Dec 2004 Reduced lung capacity, accumulation in bones, affects 
nervous system, kidney, immune and reproductive 
system, brain damage
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PM Distribution from Diesel Exhaust

Recent measurements of nanoparticle emissions from engines, D.B. Kittelson
dieselnet.com/tech/dpm_size.php

https://www.dieselnet.com/tech/dpm_size.php
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Sources of Pollution
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UK PM10 Sources of Pollution 2016

uk-air.defra.gov.uk/

https://uk-air.defra.gov.uk/assets/documents/reports/cat07/1812061112_MappingMethodology-for-NAEI-2016.pdf
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PM10 Annual Mean (µg/m3)
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PM10 Surface Concentration

Road TransportAll Sources
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UK PM2.5 Sources of Pollution 2016

uk-air.defra.gov.uk/

https://uk-air.defra.gov.uk/assets/documents/reports/cat07/1812061112_MappingMethodology-for-NAEI-2016.pdf
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PM2.5 Annual Mean (µg/m3)
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UK NOx Sources of Pollution 2016

uk-air.defra.gov.uk

https://uk-air.defra.gov.uk/assets/documents/reports/cat07/1812061112_MappingMethodology-for-NAEI-2016.pdf
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NOx Annual Mean (µg/m3)
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NOx Surface Concentration

Road TransportAll Sources
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UK SOx Sources of Pollution 2016

uk-air.defra.gov.uk

https://uk-air.defra.gov.uk/assets/documents/reports/cat07/1812061112_MappingMethodology-for-NAEI-2016.pdf
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SOx Surface Concentration

Road Transport

Fuel Switching to 
cheaper high Sulphur

Shipping
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Press

trueinitiative.org/data

https://www.trueinitiative.org/data
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Remote Sensing

trueinitiative.org/data

https://www.trueinitiative.org/data
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Remote Sensing

trueinitiative.org/data

https://www.trueinitiative.org/data
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Results: Avg NOx Emissions

trueinitiative.org/data

Euro 2

Euro 3

Euro 4

Euro 5

Euro 6

https://www.trueinitiative.org/data
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Results: Worst Offenders

trueinitiative.org/data

https://www.trueinitiative.org/data
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trueinitiative.org/data

Results: Manufacturer Comparison (NOx)

London 
2017-18
Data

https://www.trueinitiative.org/data
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Next Steps: Euro Emission Standards (Diesel)

NOx (mg/km)
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desktop.avl.com

https://desktop.avl.com/corp/03/0012/dxr/information_service/emrep/emrep_emission_report/default.aspx
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Next Steps in Improving Air Quality

https://www.cleanairday.org.uk/
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Emission Trends
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UK PM Air Pollution Trends

-50%
-50%

Transport -30%

Air Pollution in the UK 2017, DEFRA
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PM10 Annual Mean Hours Exceedance

Defra National Statistics Release: Air quality statistics in the UK 1987 to 2018 

Exceedance 50 μg/m3 / 24hrs running mean 

Roadside Urban
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PM2.5 Annual Mean Hours Exceedance

Defra National Statistics Release: Air quality statistics in the UK 1987 to 2018 

Exceedance 35 μg/m3 / 24hrs running mean 

Roadside Urban
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UK NOx Air Pollution Trends

-70%

Air Pollution in the UK 2017, DEFRA
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NO2 Annual Mean Hours Exceedance

Defra National Statistics Release: Air quality statistics in the UK 1987 to 2018 

Exceedance: 200 μg/m3 hourly mean
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UK Air Pollution Trends

-95% -75%

Air Pollution in the UK 2017, DEFRA
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Ozone Annual Mean Hours Exceedance

Defra National Statistics Release: Air quality statistics in the UK 1987 to 2018 

Exceedance 100 μg/m3 /8 hrs running mean 

Peak in 2018 attributed to hot 
summer, contributing to Ozone 

production

Rural Urban
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Ozone

Stable Rural, Increase in 
Urban Ozone
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Overall Emissions Exceedance

Ozone peak in 2018 attributed to 
hot summer, contributing to Ozone 

production

Rural Urban
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Low Emission Zones
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London LEZ, ULEZ

>8 Apr 2019 (ULEZ)Existing (T-Charge)

London LEZ

>26 Oct 2021
Boundary
Expansion

London ULEZ

>26 Oct 2020Existing
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UK LEZ

LEZ Standard Vehicles Date

Aberdeen Diesel EU6 HGV’s, buses ?

Bath Diesel EU6       Petrol EU4 HGV’s, buses, taxis and vans ? late 2020

Birmingham Diesel EU6       Petrol EU4 All except 2 wheelers 1 Jan 2020

Brighton Buses EU5 Buses 1 Jan 2015

Dundee Diesel EU6       Petrol EU4 ?

Edinburgh Diesel EU6       Petrol EU4 ?

Glasgow Diesel EU6
Diesel EU6
Petrol EU4
Petrol EU3

Local buses
All vehicles
All vehicles except 2 wheelers
2 wheelers

31 Dec 2018
31 Dec 2022
31 Dec 2022
31 Dec 2022

Leeds Diesel EU6 Buses, Coaches, HGV, Taxi 6 Jan 2020

Leicester Diesel EU6 Buses ? End 2020

London Covered by previous slide

Manchester Diesel EU6 HGV’s, buses, taxis and vans ? 2021-2023

Norwich Diesel EU3 Buses 1 Apr 2008

Nottingham Diesel EU3 Buses

Oxford Diesel EU5 Buses 1 Jan 2014

Sheffield Diesel EU6       Petrol EU4 HGV’s, buses, taxis and vans ? 2020-2021

York Diesel EU6 ? 2020
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EU LEZ
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Non-Exhaust Emissions
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Non-Exhaust Emissions

• Accounts for ~50% of overall PM from light duty vehicle

• ~50% PM10 gets airborne

• Ceramic dust, toxic organic compounds, heavy metal dust, etc

https://ww2.arb.ca.gov/resources/documents/brake-tire-wear-emissions
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC89231/jrc89231-online%20final%20version%202.pdf

https://ww2.arb.ca.gov/resources/documents/brake-tire-wear-emissions
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC89231/jrc89231-online final version 2.pdf
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Tyre Wear fun fact

~40 million tyres sold in UK every year

Assuming 205/55R16 tyre size, initial tread depth 8 mm, replacement at 1.6 mm

Wear from 612 mm to ~600 mm diameter

Volume lost/ tyre = 0.091 m3 

Volume lost/ 40 million tyres     = 365,530 m3 = ~150 Olympic swimming pools

Density of tires = 500 kg/m3

Total mass of 40 million tyres     = ~183,000,000 kg = ~365 Airbus A380 aircrafts

Number of tyres sold in US = 280 million! (7 times)
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Reducing Brake Dust

Regenerative braking:

1. Certainly improves efficiency and reduces brake dust PM.

2. 60-70% braking energy returned to acceleration.

3. Overall ~20-30% increase in range in real driving.

4. However, EV’s are also heavier with larger wheels, so 

realisation of brake/ tyre dust is offset.

https://www.sciencedirect.com/science/article/abs/pii/S0360544218302743

https://www.sciencedirect.com/science/article/abs/pii/S0360544218302743
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Aviation
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Aviation

1. Aviation carried 4.3 billion people in 2018 on 

24,000 aeroplanes.

2. Aviation accounts 2% Global Emissions, 

producing same emission contaminants as road 

transport.

3. Only NOx, CO & HC have engine certification 

requirement.

4. Aircraft & operational efficiency is improving but 

it is offset by the growth (to double in next 20 

years). 

0

1

2

3

4

5

6

7

8

9

10

1970 1980 1990 2000 2010 2018 2030 2040

B
ill

io
n
 P

a
s
s
e

n
g

e
rs



Gupta, Atul, Davila Rojas, Denisse |  | 13 June 2019 | 48Public

Aviation

1. Improved technology, including using sustainable low-carbon fuels.

2. More efficient aircraft operations (load factor, route optimisation, improved navigation).

3. Infrastructure improvements, including modernised air traffic management systems.

4. ICAO aims at Carbon neutral growth (mostly through offsets) but critics are sceptical.

5. Currently no incentives to promote new aircrafts, and no penalty for older aircrafts.
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Shipping
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Shipping

1. >90% of worlds cargo transported by shipping on 90,000 vessels.

2. Shipping is the most efficient means of transporting cargo.

(10 times & 100 times compared with road & air transport respectively)

3. However, Shipping produces ~4% global CO2 emission, ~18-30% NOx and ~13% SOx due to usage of 
heavy fuel oil and minimal aftertreatment. 

http://www.cleanshipping.org/download/111128_Air%20pollution%20from%20ships_New_Nov-11%283%29.pdf

http://www.cleanshipping.org/download/111128_Air pollution from ships_New_Nov-11(3).pdf
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Shipping

m
/m
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How do you commute?
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Analysis of 51 vehicles at workplace

Diesel
55%

Petrol
45%
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CO2 (g/km)

Diesel Petrol

Euro 1
2%

Euro 2
0%

Euro 3
10%

Euro 4
20%

Euro 5
23%

Euro 6
45%

Overall
Euro 3

7%

Euro 4
18%

Euro 5
36%

Euro 6
39%

Diesel
Euro 1

4% Euro 3
13%

Euro 4
22%

Euro 5
9%

Euro 6
52%

Petrol

27 mpg 
NEDC

75 mpg
NEDC

60 mpg
NEDC

70% Euro 6b

30% Euro 6c
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Q&A

World’s first Zero Emission/ Zero brake - tyre dust vehicle!

What I’m really saying is, you ought to drive this!



www.avl.com

Thank You


