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Module objectives

= To illustrate the extent of the air quality challenge at airports
= To understand the complex array of emission sources at airports

= To identify and understand the various techniques for the monitoring of
air quality

= To appreciate the need for air quality modelling

= To identify air quality management strategies designed to reduce
environmental and health impacts
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What is air quality?

Irritation of eyes, nose and throat
Breathing problems (O,, PM, NO,, SO,,, BaP)

Pollutants of concern

= Oxides of nitrogen S

= Carbon monoxide ) -
= Hydrocarbons
= Particulate matter f‘%)
= Sulphur dioxide '

Impacts on the respiratory system:
Irritation, inflammation and infections
Asthma and reduced lung function
Chronic obstructive

pulmonary disease (PM)

Lung cancer [PM, BaP)

Impacts on liver, spleen
and blood (NO,)

Impacts on the
reproductive system (PM])

European Environment Agency, 2013

NOT Carbon dioxide!
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Nitrogen oxides

= Covers both nitric oxide (NO) and nitrogen dioxide (NO,)
= On alocal scale NO, can cause respiratory problems

= On a regional scale NOx causes emissions contribute to the
formation of photochemical smog

"
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Particulate matter (PM,,/PM, ;)

= Very fine particles may cause or enhance respiratory
disease.

= Elevated levels of particulates are associated with
Increases in mortality and morbidity
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Primary vs. secondary pollutants

The regulated pollutants are not necessarily those directly
emitted by the source!

= The overwhelming majority of the NO, emitted by an
aero-engine is as NO. Subsequent reactions with O,
etc. in the air convert this to the more toxic NO.,,.

= Most of the PM emitted is as fine (~100 nm) soot, or
ultra-fine sulphate. These particles aggregate as the
plume evolves. It is not clear what their toxicity is
relative to that of general fine urban aerosol.
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Air quality standards in the European Union

(PM10)

Nitrogen dioxide 40pg/m3 Annual mean Entered into force
1 January 2005
200pug/m3 1 hour mean Entered into force
with up to 18 1 January 2005
exceedences per year
Particulate matter |40 pg/m3 Annual mean Entered into force

1 January 2005

50 pg/m3
with up to 35

exceedences per year

24 hour mean

Entered into force
1 January 2005

EU Directive 2008/50/EC
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Air quality standards in Abu Dhabi

Sulphur Dioxide

Carbon Monoxide
Nitrogen Dioxide
Ozone
Particulate Matter

Total Suspended
Particles

Lead

CO

NO,

PM10
TSP

Pb

350 pg/m3
150 pg/m3
60 pg/m3

30 pg/m3
10 pg/m3

400 pg/m3
150 pg/m3

200 pg/m3
120 pg/m3

150 pg/m3

230 pg/m3
90 pg/m3

1 pg/m3

1 hour
24 hours
1 year

1 hour
8 hours

1 hour
24 hours

1 hour
8 hours

24 hours

24 hours
1 year

1 year
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Sources of air pollutant at airports

= Aircraft

= Ground support equipment
= Airside vehicles

= |Landside vehicles

= Point sources (electricity generation)
= Fuel storage

= Engine testing / fire training
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Air quality — an issue of concern?

It is in Europe and North America

'....another runway at Heathrow could not be considered unless the
Government could be confident that levels of all the relevant pollutants
could be consistently contained within EU limits.

See below for the Secretary of State decision:
http://news.bbc.co.uk/1/shared/bsp/hi/pdfs/15 01 09decision doc.pdf

10
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The development of Heathrow
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ircraft technology has developed rapidly

Some of the old-time local barnstormers gathered at Eddie Martin's Airport.
From left: Howard Maish, George Leonard, Ernie Mobbs, John Martin,
Harry Menephy and Edward Martin.
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Exercise: Stakeholder views of LAQ

How would these stakeholders view the issue of air quality?
= Airline
= Airport
= NGO
= What would their concerns be?
= Are their any unknowns?
= What could they do?

14
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Exercise: Stakeholder views of LAQ

How would these stakeholders view the issue of air quality?

What would their concerns be? Are there any unknowns? What could they do?

« Concerns « Concerns « Concerns
« Unknowns « Unknowns « Unknowns
 Actions  Actions  Actions

15
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Airport issues

= Constraint to growth —
exceedence of standards

= Human health impacts
= Community relations
= Ecological impacts

16
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Airports - unknowns
= Pollutants (quantity and type)
= Source strengths
— Aircraft performance data
= Behaviour of emissions

= Source apportionment

= |Impacts
— Human

— Ecological

17



MLI-\IRPORTS COUNCIL

INTERNATIONAL

. The
voice

of the

_world’s

airports

Airports - actions

Measurements

Modelling

Assessments

Reduction strategies

— Emission charges

- APU /FEP / GPU / PCA
— Airside vehicles

— Landside access / public transportation

18
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Airline - issues

= Growth constraints

= Economic impacts
— Emission charging
— Change to fleet
— APU usage

= Environmental impacts

19
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Airlines - actions

Investment in ‘Greener’ aircraft
Operational measures
APU usage

Measurements?

20
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NGO - Issues

= |Impacts

— Human Health

— Environment

— Air Quality Standards
= Capacity limits
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NGO - actions

= |Lobby industry, Government...
= Campaigning

= Raise the profile — focus on potential
environmental and human impacts
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Different players — different views

= The need for dialogue

= The need for appreciating different views and
perspectives

» The need for common data sets

&

© Can Stock Photo 23
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Findings

= Air quality is a capacity constraint issue
= Significant unknowns

— Pollutant profile

— Plume dynamics and chemistry

— Source strengths

— Impacts on human health

— Impacts on the environment

24
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Aircraft emissions
= Landing take off cycle (LTO)

= taxi
[ |d Ie .‘ o 3I:Lof::
= takeoff TN , -~
= approach =
= climb-out Take off
= APU e

These operational times are in reality airport specific /
aircraft specific/ fleet specific

25
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Airside emissions

= Ground support vehicles

= pbelt loaders S

] tugs ULD3cqzrrier

= catering el N

ot [

= lav trucks % (o

= Compressors Loader
9%
= Airport vehicles
F orklift Push-hack tugs
= tankers 9% Hlif 9%
10%
= OpS

Breakdown of specialist vehicles
at London Heathrow 26
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Airside emissions

= Boiler house / power plant
= Fuel storage

— breathing loss

— working loss

— spillages

= Maintenance

27
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Landside emissions

= Road vehicles
— filling stations
— car parks

= Coaches

= Heavy ralil

= Taxis

Accurate data - fleet mix - speed - number

28
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Typical aero-engine emission indices (g/kg)

Species Operating Conditions
Idle Take-off Cruise
CO, 3160 3160 3160
H,O 2130 1230 1230
CO 25 (10-65) <1 1-3.5
HC (as CH,) 4 (0-12) <0.5 0.2-1.3
NO,

-Short haul 4.5 (3-6) 32 (20-65) 7.9-11.9

-Long haul 4.5 (3-6) 27 (10-53) 11.1-15.4
SO, (as SO,) 1.0 1.0 1.0

N
b
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Boeing 757-200, RB211-535C, at LHR

100.00%
2 95.00%
|
=
e 90.00%
?
© 85.00%
X
S
= 80.00%
(S
£ 7500%
< 70000 80000 90000 100000 110000
Actual Take-off weight - kg

30
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Monitoring

Current routine monitoring permits:-
= Comparison with regulatory limits.
= |dentification of trends.

= Some source attribution (possible, e.g. at Heathrow, where
runway usage varies on a Sstrict timetable).

Practical difficulties:-

= Access to airfield.
= Power, security etc.

31
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Monitoring at Heathrow Airport for the ‘Project
for the Sustainable Development of Heathrow’
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Trend in NO, at Heathrow Airport

200

ol A
o NN
N
“‘/\/\ N

3

[y
[
(=]

~N

=]
o

Annual mean NO, concentration, pgm-3
=
8

[=)]
(=]

40

20

T T T T T T T T T T T T T T T T T T T T 1
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

—4#—LHR2 —#—Harlington ~—#—Green Gates —=—0aks Road

Ricardo-AEA (2014) Air Quality at Heathrow Airport — Annual Report for
2013, available at http://www.heathrowairwatch.org.uk/reports 35




MI‘I-\IRPORTS COUNCIL

INTERNATIONAL

. The
voice

of the

_world’s

airports

Trend in PM,, at Heathrow Airport
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Emissions Inventory — Spatial Scale

= There is no prescriptive way to delimit the inventory

= Need to work with regional partners and stake holders

= Develop emissions inventory so that it is compatible with
other inventories

37
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Location of emission sources

Emission Sources p —
/\/ Climb15.shp

/\/ Takeoff15.shp
/\/ Takeoff7 shp
Bl Taxis

Il Helicopters
e Boiler plant

|:] Buses
N Access road

Xﬁ/l\é % 2
i\_/ =25 Hirecars

[ Staff car park
777 Shortstay car park

V77 Longstay car park
/] Airside traffic and GSU

v~ ;
N/ Taxiways
i S EZ5a Fuelfarm
—— V77 Aprons
G o Pal Pas
0.6 0 0.6 1.2 Miles A
N
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NOx emissions
Nirogen Oxides Emissions
NOx (kg pa)
= 0-20
W 20-45
- 45-125
125-250
. W 250-330
= I 330-2890
m A

39
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NOx emissions

Emisssions of NOx from all sources at Birmingham Intemational Airport

NOx tonnes/sq krnfyr
B Morethan 7

I Lessthan 0.3

'"Reproduc ed from the Ordnance Survey Mapping with the pemmission of the controller of Her Majesty’s Stationery Office"

40
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Regional emissions inventory

41
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Modelling

Regulatory modelling of pollution dispersion has two purposes:-

1. Planning for future developments (e.q. Project for the
Sustainable Development of Heathrow).

2. Attribution of the currently observed concentrations.

Existing dispersion models (ADMS, Lasport) have been adapted
to predict LAQ at airports. (But an aircraft is not a chimney
on its side . . .)

Emissions inventory for Heathrow contains hundreds of
thousand of sources.

42
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Modelling output

Mean annual NO2 pgm- Mean annual NO2 pgm-

Heathrow Airport — ADMS vs EDMS e
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Summary

= Air travel is growing by 3 - 5% per annum

= Ground level emissions are increasing from a number of
sources around airports

— Intermodal transport hubs
= New air quality legislation (UK and EU)
= Significant unknowns

= [Industry response may not be enough to meet new
standards

44
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Any questions?
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