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 Aviation and impact on the environment.

* Governments regulation of environmental issues

* Emissions: the challenge of technology and
regulation

* The Kyoto Protocol
 [CAQO’s Standards and Recommended Practices
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Whose Environment is it...?

Everyone thinks chiefly of his own,
hardly ever of the public, interest.

Aristotle




Aviation and impact on the environment

Noise Gaseous Emissions

Ry, &
Surface and grsnd Water pollution
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Surface and ground water ponvon

* Spills of aircraft fuel may damage soil and water
ecosystems, and affect drinking water and
agriculture

* Fire training and use of fire-retardant chemicals

Health Council of the Netherlands, Report on Public Health Impacts of Large Airports (1999)



Deicing / anti-icing fluid

 ethylene- and propylenebased glycol
mixtures, wetting agents, corrosion
inhibitors, dyes and thickeners, and even fire
retardant solution

» Some of the fluid sticks to the plane, but
75 to 80% escapes into the environment

* No real understanding of environmental
impact as ingredients of deicing fluid
“industry secrets”

THEMOST DEICING FLUID, IN
LITRES, APPLIEDIN A DAY AT
TORONTO PEARSON
INTERNATIONAL AIRPORT.

YVR YYZ
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Noise

* Main objection for the construction or
expansion of airport

: Earticularly serious political issue in many
ighly developed countries

* Scheduling aircraft landings and departures
would become increasin%l complex if these
curfews were imposed globally.

~ /\§ * Export of noise to countries where there are
# il no restrictions on landing/take-oft

' Iimll + ICAO has adopted several standards to
reduce aircraft noise

* New ICAO policy is a "balanced approach"
to noise.
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Effects of noise *

Task
NEEEE I

Learning l

Impairment Overall Quality " acute
. T N of Life .
e dysregulation of
Disturbance the OF anism bOth
DN ok ‘ / in a physiological
‘ J
Physiological | /’ and pgychologlcal
Effects ) sense
J— Years of lliness, ‘
Annoyance . Shorter Life
bl - « Heart disease
ects _—_ .
. | e Diabetes
http://web.mit.edu/aeroastro/partner/reports/proj19
healtheffectnoise.pdf ° Obesity

‘Health Effects of Noise Context .
* Hypertension

* Depression




Different aircraft noise emissions
compared with other sources of noise

Alarm clock Passing truck Riding motorcycle

Inside a metro Sporting event
http://airinsight.com/2013/05/22/noisy-neighbors/#.VH_W58nzi5-




Annex 16 to the w

Convention on International Civil Aviation

Volume I: Noise

» Chapter 2 adopted in 1971, contain rules that apply to aircraft for which

the certificate of airworthiness for the prototype was granted before 6
October 1977.

e.g. Boeing 727 and the Douglas DC-9

» Chapter 3 adopted in 1975, aimed to regulate aircraft for which the
prototype was certified after 6 October 1977.

e.g. Boeing 737-300/400, Boeing 767 and Airbus A319

* Chapter 4 adopted in 2001, for aircraft certified after 1 January 2006
e.g. Airbus 380, Boeing 787-8/9, Boeing 747-8, Airbus 350

: Cha'l7pter 14, adopted in 2013 for large aircraft certified after 31 December

e.g. Boeing 777X
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EPNdB (Effective Perceived Noise in Decibels) -

Measured at:

Approach: a point 120 meters above the ground with a descent gradient of
three degrees

Lateral: a point on take off on a line which is parallel to and 650 meters above
the runway

Flyover: a point 6.5 kilometers away from the point of commencement of
takeoff

Approach . Lateral . Flyover




Various aircraft and their
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ICAO Annex 16 compliance
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Chapter 4 aircraft
for aircraft certified
after 2006:

A380

B787

A350

Further reduction of
10 EPNdB on levels
required by Chapter 3
standards
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Response to ICAO requirements

* Noise issue prompted technological development by
aircraft manufacturer (cut-off production)

* Phase-out is banning of aircraft which was certified
earlier

* US and EU implemented a stage-by-stage phase out of
aircraft to ensure compliance with minimum Chapter 3

standards. — www“‘“im
* Hushkitting: modifying engines ™.
to make older aircraft comply il
with Chapter 3.
- In 1999, EU passed legislation
which essentially would ban all
hushkittted aircraft from EU

skies
- Complaint by US to ICAO

JGHAFEN
— ™ Naube-- '




ICAQO’s “Balanced Approach to N01se

* Noise significantly reduced with engines and aircraft, but
technology can only develop at a certain pace.

* Demand for aviation > technological development

 In 2001, ICAQO called for
“balanced approach”

to reduce the number of people affecte
restricting operations or growth of inc

1.Limit noise at source —
2.Land-use Planning and Management
3.Noise Abatement Operational Procedures:
4.0Operating Restrictions



Noise and emissions restrictions: * McGill ITU
Atatiirk International Airport (IST)

CONTINUOUS DESCENT ARRIVAL (CDA) - NONE
AIRPORT CURFEWS - NONE

PREFERENTIAL RUNWAYS
05 for landing 35R for departure.
23 Arrival/17L/R Departure 05 Arrival/Departure &

APU OPERATING RESTRICTIONS - NONE
NOISE BUDGET RESTRICTIONS - NONE
NOISE SURCHARGE - NONE

ENGINE RUN-UP RESTRICTIONS P
N22, AN124, AN225, C5 aeroplanes are not allowed .

NOISE LEVEL LIMITS - NONE
CHAPTER 2 RESTRICTIONS - NONE
CHAPTER 3 RESTRICTIONS NONE

http://www.boeing.com/commercial/noise/ataturk.html
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Noise and emissions restrictions:
Amsterdam Schiphol Airport (AMS)

NOISE ABATEMENT PROCEDURES
Minimum noise routing in effect

Reduced Flaps

Engine run-up

APU (ground power units) controlled
Operating quota in effect

No operation between 2200-0600 (2100-0500)

NOISE SURCHARGE
one by airport, one by government

NOISE MITIGATION/LAND USE PLANNING
insulation of residential and public buildings,
demolition of houses and buildings,

CHAPTER 2 RESTRICTIONS - banned 1 April 2002
CHAPTER 3 RESTRICTIONS Applicable

http://www.boeing.com/commercial/noise/schiphol.html#nl
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Noise levels

+| and runway use
at Schiphol
Airport (AMS)

o~

—— S3dBA)
— 58 dB(A)

Red: landing
Blue: take off

- Significant reductic
of areas affected b
noise in 20yrs

- Approach to AMS
mainly over the Nortt
Sea and Flevoland
(artificial island, A =TT o, s =

: SRR ) ‘
sparely populated) =77 ~=57 , ‘ ‘| =
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Ways to reduce
aircraft noise ——— —

* Modified approach to \

landing and take off

* Steeper take
otf/landing to avoid
residential areas

e Better air traffic
control to avoid
residential areas

* Continuous descent
approach, less use of
thrust, less noise

http://www.anahd.co.jp/en/csr/environment/pollution.html



Aircraft Emissions

ol
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arbens

http://atmoschem.mit.edu/research/emissions/

* Aircraft exhaust and burning of fuel creates gases th;t contribute to
global warming

e [CAOQO has tried to deal with issue of aircraft emissions, but little
progress

* Very complex and political matter
* EU tried to adopt unilateral measures



Global warming is a: FACT

e s 2 NASA Goddard Institute for
qes ~— S Space Studies:

world temperatures showed

2014 was the warmest year

on record’

“The globe is warmer now
than it has been in the last
100 years and more likely in
at least 5,000 years”

' the globally-averaged land
surface temperature was

1.80°F (1.00°C) above the
20t century average



Selected Significant Climate Anomalies and Events in 2014
Melting Arctic

ARCTIC SEA ICE EXTENT
ALASKA During its growth season, the Arctic had its fifth smallest annual
;! . N maximum extent. During its melt season, the Arctic reached its
EXPEM:“CEd its warmest ).IEEF since CANADA sixth smallest minimumgextent on record.
statewide records began in 1916. Canada had its coldest year since 1996. Winter
2013-14 was characterized by crippling cold RUSSIA
temperatures and record snowfalls, resulting in Russia had its warmest March—-May
the coldest winter in 18 years and third coldest since national records began in 1936.
in 35 years. UROPE
Europe, as a whole, experienced its warmest JAPAN
year on record. Germany, Austria, France, Western Japan had its wettest August since
Extreme cold! Sweden, Belgium, and the United Kingdom 1946, receiving nearly tripleits monthly average.
e UNITED STATES each experienced their warmest year on record. Typhoons Halong and Nakri contributed to the

Numerous Arctic air outbreaks in early 2014 set
the stage for a cool year across the Midwest and
Mississippi River Valley. Seven states had a top 10
cool year. Meanwhile, much of the West was
warmer-than-average, with eight states having a

top 10 warm year. AZ, CA, and NV had their U n usu a I Iy wa rm

warmest year on record. ~ WESTERN PACIFIC OCEAN

rai nfa | | TYPHOON SEASON
ATLANTIC HURRICANE
SEASON MOROCCO
Below average activity Heavy rain in late November triggered severe
639% of normal ACE floods in southern Morocco. Some locations CYCLONE HUDHUD
8 storms, 6 hurricanes

HURRICANE ISELLE

(July 31-August 11, 2014)

Maximum winds - 220 km/hr

The strongest tropical cyclone on record to impact
Hawaii’s Big Island and the first tropical cyclone to make
landfall anywhere in Hawaii since Hurricane Inikiin 1992,

extreme wetness.
INDIA & PAKISTAN
Torrential downpours caused severe floods in
September. Over 100,000 people were displaced

and 250 fatalities were reported
Unusual

recorded more than the yearly average rainfall (October 7-14% 2014)
in only a few days. Maximum winds - 215 km/hr

EASTERN NORTH PACIFIC Brought heavy rain to southeastern India. One localized
HURRICANE SEASON mi}:lcc,fothe year was warme U n u s u a I SOUTH AFRICA g‘?cRJc;*NIE?EIgEODI\fEAN area in the state of Andhra Pradesh reported a 24-hour
Above average activity . Drought conditions persisted through the N tivit rainfall total of 380 mm.
143% of normal ACE Several months ranked amol f I I beginning of 2014 in the north-west province ear average activity
; warmest. rainta ginning of 2014 h-west p 3 storms, 2 cyclones AUSTRALIAN CYCLONE
20 storms, 14 hurricanes of South Afrlca.Thls was considered to be the SEASON SOUTH WEST PACIFI(
worst drought since 1933. Below average activity ?ECE;\SNCYCLONE
SOUTH WEST INDIAN 8storms, 4 cyclones o,
Sy OCEAN CYCLONE T
Maximum winds - 21'5 km/hr :E::Savoellge activity o
25 thestronges rian bomake SOUTHAMERICA 9storms, 5 ycones  (AUSTRALIA .
. P Wetter-than-normal conditions were observed Persistent warmth affected Australia
landfallin the state of Baja California across parts of Paraguay, southern Bolivia, and throughout the year, contributing to
in the satellite era. southeastern Brazil during May and June. d rau ht the warmest spring on record, the
Precipitation totals were over 250% of the long g third warmest autumn, and the thiﬂ \ 4
term average. warmest year on record.
ARGENTINA /— _—
AP ATHOSS, Second warmest year, behind 2012, since ANTARCTIC SEA ICE EXTENT ) NEW ZEALAND
5 %1% national records began in 1961. P During its growth season, the Antarctic had its largest annual Several stations across New Zealand
maximum extent. During its melt season, the Arctic reached its experienced one of their three driest
third largest minimum extent on record. months of March on record.

Melting Anctarctica

Please Note: Material provided in this map was compiled from NOAA's NCDC State of the Climate Reports and the WMO Provisional Status of the Climate in 2014,
For more information please visit: http://www.ncdc.noaa.gov/sotc
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Greenhouse effect is made worse by release of

certain gases
* Greenhouse gases absorb longer radiation, and
trapping it in the atmosphere

Solar radiation powers
“~e climate system.

Some solar radiation
is reflected by
the Earth and the
atmosphere.

~Aopout half the solar radiation
is absorbed by the
FErcth’s surfa~z and wa-ms it. Infrared radiation is
emitted from the Earth’s
surface.
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2100 Higher Emissions Scenario — 900

“Most of the observed increase in — 800
globally averages temperatures since the - S
mid-20t" Century is very likely due to the — 700 §'
observed increase in anthropogenic 2 - 4
greenhouse gas concentrations. — 600
2100 Lower Emissions Scenario@ | o
UN Intergovernmental Panel on Climate — 500 O
Change - §
— 400 5
2008 Observed =
—_— - |+ 300 S
-3
— 200 3

— 100

I L | 1 I I I L I 1 | 1 I ] I L D

-800,000 -700,000 -600,000 -500,000 -400,000 -300,000 -200,000 -100,000 E}*Eﬂﬂﬂ

Year

http://www.mnn.com/earth-matters/climate-weather/blogs/earths-carbon-
dioxide-levels-to-hit-400-ppm
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Greatest concern of aircraft emissions

Spread and residence times of aviation emissions

Global :-
Hemispheric :
Continental

Local

Hours Days Weeks Years Decades Centuries
http://www.bdl.aero/download/1376/bdl_ee2014_eng_s19.png
Source: BDL based on data from Lee et al. Aviation and global climate change in the 21st century, 2009 www.bdl.aero




Aircraft emissions relevant to
climate change and global
warming include:

» e

Carbon dioxide 0, (arounc 70% of total emissions),
Water vapor (H,0O) (around 30%),

™
| |

-




Aviation’s (growing) contribution to global warming

» 2% - civil aviation accounts for less than 2% of
total global CO, emissions.

* 12% -Aviation is responsible for 12% of total
CO, emissions from the transportation sector
(74% from road transport)

» 23% - CO, emissions from aviation are
projected to grow to 23% by 2050!

b
-



Aircraft Emissions: a growmg pro blem

2009 Ranking of COz Emissions from Fuel Combustion

China

Lrnited Statas

« Aviationis a
small but significant contributor
to climate change and global warming.

 Aviation would be the
7th Jargest emitter of CO, if
international aviation were a “country”.

Canada

Korea http://blogs.edf.org/climatetalks/files/2012/07/Aviation-CO2-Ranking.jpg

3,000 4,000

MBMTCOZ [million metric tons of CO2)
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Aviation’s (growing) contribution to global warming

— Growth of aviation and related activities
> technological reductions in emissions . "

— Aviation is the only human activity to Ll
emit pollutants directly into the upper troposphet
and lower stratosphere

—climate change and natural disasters will cause great
disruption of air transport and aviation facilities

— Prevention is better than cure
— Global, simultaneous and collective

action by all sectors is required.
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Current engine designs...

* Always a trade off...
between noise, fuel
consumption and emissions.

High-pressure  High-pressure
Fan compressor turbine

e NOx vs CO2

° NOise VS emiSSiOnS Low-pressure IS}(])Z\;\&pressL;embustion Low-pressure Nozzle
compressor chamber turbine . .
» Fuel efficiency = Hybrid engine? s et Enene

less CO2 vs more NOx

* Hybrid engine 2050?
hydrogen and biofuel

http://cordis.europa.eu/result/rcn/147279 en.html



Technological improvements...

i

Turbofans
High bypass

c—

L A 4

Lower fuel consumption so
- Lower CO,
- Lower NO,
- Lower Cost

1930 1960 1970 1960 19w 2000
Courteny 7 22 & Aheney Engine certificabion date

GIF Engine
oo a-re they enough? Ulitra high quoa«s

i«\
_ vy




T McGill
International Efforts to address
Climate Change and Emissions

* From Stockholm (1972) to Rio (1992) to Kyoto (1997)

1972 1992 1997
United Nations UN Conference on the Kyoto
Conference on the Environment and Conference

Human Environment Development

Y United Nations Article 2(2): R
Framewark Convention on States shall pursue limitation or
Climote Change reduction of emissions of greenhouse

gases from aviation through ICAO
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ICAQ efforts to deal with
aviation’s effects on environment

>

* 1971: noise a concern, but emissions “not harmful”!

e Committee on Aviation Environmental Protection
created in 1983 to deal with noise and emissions

The Environment: ICAO’s growing concern?

1981
Annex 16 Volume I: Noise

INTERNATIONAL STANDARDS
AND RECOMMENDED PRACTICES
ENVIRONMENTAL
PROTECTION
ANNEX 16
TO THE CONVENTION ON INTERNATIONAL CIVIL AVIATION

Standards on 1995 - .
Kyoto Protocol to the Unite
HC, CO and )

Nations Framework Convention

NOx , smoke on Climate Change

* BUT not on

CO2, SOx, H20

A Progress...?.
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What has ICAO done to combat
aviation emissions?

. %tca)gdards focused on HC, CO and NOx, not more pressing

* standards on reduction, but not phase-out of engines

* Annex 16, Volume III on CO2 expected to be adopted...
when?

1995

Kyoto Protocol to the United
Nations Framework
Convention on Climate
Change

2007

Group on
International
Aviation and
Climate Change

- Set targets for reduction of
emissions of CO2...
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ICAQO’s Basket of Measures

Combination of measures necessary tostopt ,~aq
emissions from aviation:

* Technological improvements,
« Operational improvements,

- Sustainable alternative fuels,
and

CLIMA

« Market-based measures

AVIATION and

2010
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Technological improvements

Factors to increase energy efficiency

Good aerodynamics Efficient propulsion systems New materials
(reduce kerosene (reduce kerosene consumption) (reduce weight)
consumption)
Engines with a high Lighter materials
Curved wing tips bypass ratio inside

6= =@ =0

Special sharkskin - Light composite
coating fuselage
www.bdl.aero

http://www.bdl.aero/en/bdl-reports-en/energy-efficiency-report-2014/




Technological improvements

Fuel burn and cash cost comparison
e
Aircraft Fuel burn/seat Cash cost/seat
A320 Datum Datum
A320 Sharklet (2012) -2.4% 10 -3.5% -1% to -2%
A320 neo* (2015) -13% to -15% -5% 1o -6%
All new aircraft (2020) -18% to -20% -91t0 -11%
All new geared open rotor (2025+) -35% to -40% -20% to -25%

* No drastic technology advances in the
technological improvement field of
aviation,

* very expensive and time-consuming
process
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Other CO2 reduction measures

CO2 REDUCTIONS: PUTTING AIRCRAFT ON A DIET

FOR EACH THE WEIGHT

10KG WEIGHT OF A TEABAG ‘ WINGTIP DEVICES
REDUCTION, CAN REDUCE CO2 EMISSIONS BY UP TO
ABOUT 4 TONS 1 KG 6

OF CO2 CAN %

BE AVOIDED OF CO2

IM ONE YEAR

REPLACING USER

PAPER MANUALS
WITH TABLETS PREFERRED

ROUTES

LIGHTWEIGHT INITIATIVES HAVE
SEATS AND BEEM TAKEN WHERE
TROLLEYS THE AIRLINE CAN
SELECT THE MOST
EFFICIENT ROUTE
LIGHTWEIGHT BASED ON AIRCRAFT
PAINTS AND WEATHER
CONDITIONS.

=t

USER-PREFERRED
ROUTES CAN SAVE

MORE THAMN

30 TONS
OF CO2

ON A SINGLE
TRANSPACIFIC FLIGHT
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Sustainable alternativ fuels

REDUCE LIFE-CYCLE DERIVED FROM . .
EMISSIONS BY UP TO e Cookin g Ol |

CROPS, ALGAE,
WASTE, ETC Algae
Camelina

Jatropha

I St 4

ALTERNATIVE
FUELS

1600+ 20+

PASSEMGER FLIGHTS AIRLIMES HAVE USED
HAVE ALREADY THESE FUELS ON
BEEN OPERATED COMMERCIAL FLIGHTS

& Valuo Chan feedatock

Besr

high and uncertain costs of such fuels
lack of availability to meet the demand of
aviation industry



Operational 1mprovements

* Performance  \exr GEN Components: RNAV/RNP
Based Moving to Performance-Based Navigation

Navi gatlon Cunvantional Routes RNAV RNP
h,' DIy WU Arga Navigation (RNAY) Required Navigation Performance
(PBN) ground-ba ! (1] | ation aids routes lollow defined “waypaoinis (RMP) routes within specified

e Use of satellite —
technology Curen Groud 3

Ign ncreased Airspace Optimize
| L ” :i‘l ".|:";".- :._.I"ull T ."'.L :..“-l"'

Source: Federal Avation Administration
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Measures to achieve CO, reduction targets

Global CO, emissions from air travel after upgrading the fleet and
in million tonnes per year increasing the passenger load factor
1.226 m tonnes

1200 — Reducing CO, by investing in
operations
1.100 — © infrastructure
. -
1.000 ! market-based instruments
900 —

Offsets

800 — 237 m tonneso
200 — 2020 CO,-neutral growth
774 m tonnes from 2020
2013 774 m tonnes
600 — 700 m tonnes
http://%gl.aero/en/bdI-re;ﬁﬁsj.eﬁ/energy-efﬁcien%ﬁg't-zoml 2020 2025 2030

Source: International Air Transport Association (IATA) www.bdl.aero
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Market-based measures

* I[dentified in 2001 as
“to achieve environmental goals at a lower
cost and in a more flexible manner than
traditional regulatory measures”

* Environmental Tax / charge

e Zurich and Stockholm have introduced
Local Air Quality Charges

» UK introduced in 2006: Air Passenger Duty

* Emissions Trading
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Market Based Measure:
Emissions Trading

* Based on predetermined
“polluting” quota permits

e permit may be bought and
sold on an open market,
depending on need

 Considered more effective
than taxation and does not
distort market as much

* Provides incentive for
industry to be efficient




ICAOQO 1naction, P MGll B i1
EU unilateralism?

European Union Emission
Trading Scheme (EU ETY)

e 2003: EU ETS was identified as the most
'cost-effective and economically efficient”
market-based measure to combat emissions
and address global warming

* 2008: legally included S /‘ \
international aviation into the EU ETS, ”

effective 1 January 2012

* Coverage:

all carriers with operations within,
flying out of or into the EU

(EU Member States,
Iceland, Lichtenstein and Norway)!




ALL flights within, into * McGill
and out of the EU area




* Coverage over the high seas
* Coverage over non-EU airspace
 Extraterritorial application

* Violations of Chicago Convention:

Article 1: airspace sovereignty.

Article 2: territory of State: includes airspace above territorial sea.
Article 6: special permission or authorization required for scheduled
international air service.

A.rt}ilcle 11: State laws and regulations apply and must be complied
witn.

Article 12: over high seas, rules of ICAO apply.

Article 15: no charges imposed solely for transit over or entry into
or exist from territory

Article 24: fuel is free from customs duty or other national or
local duties or charges
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International backlash to

EU ETS

* Strong reaction from US, China and “coalition of
the unwilling”.

* ICAO Resolution A36-22 urged implementation of
measures only with agreement by other States

 Strong reaction from industry (IATA), lawsuit that
reached the European Court of Justice
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EU Unilateralism forced

ICAQO into action
* ICAO Assembly Resolution A38 (2013)

* olobal Market-Based Measure (MBM) for international
aviation should be developed for implementation from

2020
* MBM must have agreement between States
* Decision be made by the 39 Assembly in 2016

* Differences between developed and developing countries:
- The principle of common but differentiated responsibility
- The principle of special circumstances and respective
capabilities
- The concept of de minimis threshold



° %? McGill  nPoconm
Conclusion

* Aviation puts increasing pressure on the
environment: noise and gaseous emissions

e States have tried to tackle this issue for decades
through ICAO

* Various measures are being adopted to reduce
emissions

* Particularly the matter of gaseous emissions is a
source of disagreement among States

* The EU has unilaterally adopted the EU ETS
prompting ICAO to be more proactive
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