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INTERNATIONAL CIVIL AVIATION ORGANIZATION

SEVENTH MEETING OF THE
COMMITTEE ON AVIATION ENVIRONMENTAL PROTECTION (CAEP)

Montreal, 5 to 16 February 2007

SUPPLEMENT NO. 1

1. The Council, at the 15th meeting of its 180th Session on 15 March 2007, took action on
the recommendations of the seventh meeting of the Committee on Aviation Environmental Protection
(CAEP/7), as set forth hereunder.

2. RECOMMENDATIONS FOR AMENDMENT OF
STANDARDS AND RECOMMENDED PRACTICES
AND PROCEDURES (RSPP)

2.1 Recommendation 1/1, page 1-8
Recommendation 3/1, page 3-5

2.2 The Council noted that the Air Navigation Commission had made a preliminary review
of the above recommendations and agreed that they should be referred to Contracting States and
international organizations. Following receipt of comments, the Commission will conduct a detailed
review and will then present its recommendations for action to the Council.
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3. RECOMMENDATIONS OTHER THAN FOR
STANDARDS AND RECOMMENDED PRACTICES
AND PROCEDURES
3.1 The Secretary General will arrange for any follow-up action in respect of all approved

recommendations as indicated in the action taken hereunder.

Report Reference Action by Council (C)

Recommendation Title and

Recommendation Page No. or Air Navigation Action Taken

No. Commission (ANC)

1/2 1-9 ANC Publication of guidelines related to
engine emissions certification

Approved the recommendation and
requested the Secretary General to take the
necessary action.

1/3 1-17 ANC Publication of the report of the
independent experts on the 2006 NO,
review and the establishment of medium
and long term technology goals for NO,

Approved the recommendation and
requested the Secretary General to take the
necessary action.

1/4 1-19 ANC Guidance material on airport air quality

Approved the recommendation and
requested the Secretary General to take the
necessary action.

2/1 2-2 C Publication of information on voluntary
measures

Approved the recommendation and
requested the Secretary General to take the
necessary action.

2/2 2-5 C Publication of the report on voluntary
emissions trading for aviation

Approved the recommendation and
requested the Secretary General to take the
necessary action.
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Recommendation Title and
Action Taken

2/3

2/4

2/5

3/2

3/3

2-8

2-12

2-12

3-14

C

ANC

ANC

Guidance on emissions trading for
aviation

Approved the recommendation as draft
guidance and requested the Secretary
General to take the necessary action, with
the understanding that the President of the
Council would develop an introductory text
(Foreword) to reflect the views of the
ICAO Council on this issue and that
reference to the Foreword would be
inserted in the CAEP/7 Report.

Guidance on local emissions charges

Approved the recommendation and
requested the Secretary General to take the
necessary action.

Policy on local air quality emissions
charges

Approved the recommendation with
amendments and requested the Secretary
General to take the necessary action.

Amendments to the Environmental
Technical Manual on the use of
Procedures in the Noise Certification of
Aircraft (Doc 9501)

Approved the recommendation and
requested the Secretary General to take the
necessary action.

Amendment of the Airport Planning
Manual, Part 2 — Land Use and
Environmental Control (Doc 9184)

Approved the recommendation and
requested the Secretary General to take the
necessary action.
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Recommendation Title and
Action Taken

3/4

3/5

3/6

4/1

3-16

3-22

3-25

4-25

C

ANC

ANC

Amendment to the Guidance on the
Balanced Approach to Aircraft Noise
Management (Doc 9829)

Approved the recommendation and
requested the Secretary General to take the
necessary action.

Publication of a new ICAO manual
containing the Recommended Method
for Computing Noise Contours around
Airports

Approved the recommendation with
amendments and requested the Secretary
General to take the necessary action.

Publication of a new ICAO circular on
noise and emission effects from
Procedures for Air Navigation Services —
Aircraft Operations (PANS-OPS) noise
abatement departure procedures

Approved the recommendation with
amendments and requested the Secretary
General to take the necessary action.

Future work programme
Approved, in principle, the revised work
programme, subject to the views of the

Finance Committee on its impact on the
Programme Budget for 2008-2009-2010.
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COMMITTEE ON AVIATION ENVIRONMENTAL PROTECTION (CAEP)
SEVENTH MEETING
Montréal, 5 to 16 February 2007

HISTORY OF THE MEETING

1. DURATION

1.1 The seventh meeting of the Committee on Aviation Environmental Protection (CAEP/7)
was opened by the President of the Council, in Montréal, at 0930 hours, on 5 February 2007. The meeting
ended on 16 February 2007.

2. ATTENDANCE

2.1 The meeting was attended by members and observers nominated by 22 Contracting States
and 9 international organizations, as well as by advisers and others as shown in the list below :

Members Advisers State
G.A. Omaechevarria J. Riaboi Argentina

D.G. Southgate R. Owen-Jones Australia
S. White
T. Milczarek

A.C. Romera E.S.A de Andrade Brazil
F. Scatolini
J. Barat
J.A. da Silveira
W.V. Filho

R. Shuter A. Simpson Canada
B. Pang
J. Hull
L. Aalders
M. Dorais
M. Jones
R. Roy
S. Donohue
S. Mallet
T. Lowrey
T. McDonald
D. McLeay
M. Manzo

P. Langumier A. Depitre France
J. B. Rigaudias

F. Pleines-Schmidt I. Bilas Germany
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C. Marthe

Adyvisers

J. Scheelhaase
T. Weber

. Paonessa
. Sbuttoni

. Romano
Cucuzza
Sepe

. Gulienetti
Massoli
Nii

. Sakamoto
. Ueki
Hayashi
Watanabe
Kondo
Nakashima
Nishimura
Tanaka

. Nakamura
. Ishii
Sasaki

. Pulles
. Dijkstra

Of Anm<A333v AR ©"ammngp

D. Shiyan

V. Korovkin
Y. Haletskij
S

A. Gradin

K. Keldusild
M. Vinikainen
M. Tupamaki

U. Ziegler

State

Italy

Japan

Netherlands

Poland

Russia Federation

Singapore

Spain

Sweden

Switzerland
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Members
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Adyvisers
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D. Hart
D. Lee

D. Lister
D. Rhodes
J. Adam
J. Moor
M. Cork
M. Mann
M. Nesbit
M. Ralph
N. Leeds
P. Newton
R. Gardner

J. Draper
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G. Fleming
D. Nelson

State

United Kingdom

United States
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Observers
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Advisers

B. R. Bay
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Adyvisers

E. Fleuti
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A. Kwan

R. Marchi

A. McGinley
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E. Nielsen
X. Oh
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M. Crompton
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W. Franken

S. Arrowsmith
J. Boettcher
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J. Gilley
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G. Girard
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The meeting was also attended by:

G. M. Aguirre Representative of Chile on the Council of ICAO

A. Mena Alternate Representative of Chile on the Council of ICAO

F. Perez Alternate Representative of Chile on the Council of ICAO

J. Salinas Alternate Representative of Chile on the Council of ICAO

C. Law Adpvisor to the Representative of China on the Council of ICAO
N. Liang Adpvisor to the Representative of China on the Council of ICAO
H. Liu Adpvisor to the Representative of China on the Council of ICAO
L. Tong Adpvisor to the Representative of China on the Council of ICAO
Y. Tsang Adpvisor to the Representative of China on the Council of ICAO
Q. Zhan Adbvisor to the Representative of China on the Council of ICAO
K. Zhou Adpvisor to the Representative of China on the Council of ICAO
S.A.S. Elazab Representative of Egypt on the Council of ICAO

J. Min Alternate Representative of Korea on the Council of ICAO

D. Mendez-Mayora Alternate Representative of Mexico on the Council of ICAO
M. Sayce Alternate Representative of United Kingdom on the Council of ICAO
M. Ko Expert invited by the Secretariat

V. Sparrow Expert invited by the Secretariat

R.C. Miake-Le Expert invited by the Secretariat
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3. OFFICERS AND SECRETARIAT

3.1 Mr. R. Shuter (Canada) was elected Chairman of the meeting and Mr. G. Bekebrede
(Netherlands) was elected Vice-Chairman of the meeting. The Secretary of the meeting was Mrs. J. Hupe,
assisted by Mr. L. Mortimer, Consultant, Mr. A. Muckle, Mrs. C. Fischer, Ms. C. Alves Rodrigues and
Ms. B. Ferrier of Environmental Unit, Air Transport Bureau; Mr. B. Peguillan, Economic Policy and
Infrastructure Management Section, Air Transport Bureau; and Mr. C. Mustapha, Economic Analyses and
Databases Section, Air Transport Bureau. Also participating during the meeting were Messrs. D. Monaco,
E. Lassooij, and H. Defalque of Flight Safety Section, Air Navigation Bureau, Mr. G. Emausson, Air
Traffic Management Section, Air Navigation Bureau, Dr. O. Turpeinen, and Mr. N. Halsey, Meteorology
Section, Air Navigation Bureau and Mr. B. Verhaegen, Legal Bureau.

4. LANGUAGES

4.1 Interpretation and translation were provided in Arabic, English, French, Russian and
Spanish.

5. AGENDA

5.1 The Council approved the following agenda for the meeting:

Agenda Item 1: Review of proposals relating to aircraft engine emissions, including the
amendment of Annex 16, Volume II;

Agenda Item 2: Review of market-based options to limit or reduce emissions;

Agenda Item 3: Review of proposals relating to aircraft noise, including the amendment
of Annex 16, Volume 1;

Agenda Item 4:  Future work.

6. TERMS OF REFERENCE

6.1 To undertake specific studies, as approved by the Council, related to control of aircraft
noise and gaseous emissions from aircraft engines.

6.2 In its work the committee shall take into account the following:

a) effectiveness and reliability of certification schemes from the viewpoint of technical
feasibility, economic reasonableness and environmental benefit to be achieved;

b) developments in other associated fields, e,g. land use planning, noise abatement
operating procedures, emission control through operational practices, etc.;

¢) international and national programmes of research into control of aircraft noise and
control of gaseous emissions from aircraft engines; and
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d) the potential interdependence of measures taken to control noise and to control engine
emissions.
7. WORK PROGRAMME
7.1 NOISE

N.1 CURRENT TECHNICAL ISSUES

a)

b)

d)

Establish a common position on requirements for the uses of engine de-rate as an
operational limitation in an application for noise re-certification.

Establish rules and guidance material for possible revision of aeroplane certificated
noise levels, in case of new certification demonstration procedures or aircraft
modification applications.

Recommend:

1) definitions for “average wind speed”, cross-wind average wind speed”, “gust” and
“cross-wind gust” for aircraft noise certification;

2) update of IEC references in Annex and the ETM; and

3) guidance for Differential Global Positioning Systems used in Certification testing.

Report on:

1) the progress of adopting the updated atmospheric absorption procedure;

2) the progress in developing acoustical change analysis guidance for small propeller
driven aeroplanes under Chapter 10 that have their propeller replaced by a

different count propeller;

3) development of guidance on interpolating noise levels between approved
noise/mass values; and

4) development of guidance on APU operation during noise certification testing.
New environmental technical manual:

1) determine the resources already available and applicable for use in developing the
material;

2) investigate all equivalent procedures used in noise certification demonstrations
and describe these procedures and their application; and

3) develop explanatory information about Annex 16, Volume I and equivalent
procedures.

Rotocraft issues
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h)

1) study ways to make rotocraft noise reduction schemes more effective in
addressing both noise certification and Land Use Planning (LUP) purposes, and to
develop guidelines for providing helicopter data for LUP purposes via appropriate
process; and

2) study all technical points linked to helicopter noise certification.

Workshops:

1) following completion of technical guidelines for aeroplanes re-certification, re-
certification workshops will be conducted in different regions to disseminate
certificating authorities with experience in aircraft noise-recertification. The goal
of workshops will be to promote ICAO/CAEP noise certification rules and
methods. Workshops will focus on:

— explanation of noise certification development and harmonization;
— presentation of noise re-certification guidelines (theoretical and practical
aspects); and
— exchange of experience with participants
Monitor use of noise documentation guidelines:

N.2  FUTURE OF THE NOISE CERTIFICATION SCHEME

a)

b)

c)

d)

Review the purpose of certification

Review the present Annex 16, Volume I, Chapter 3 demonstration procedures for
noise certification with a view to better adapting them to modern aeroplanes and better
representing the operational procedures used by such aeroplanes.

Investigate the possibility of achieving reductions at each of the reference noise
certification points.

Variable noise reduction system or technology:

1) develop adapted procedures for noise certification of aeroplanes with specific
systems or equipment delivering noise abatement around airports by automatically
acting either on the noise sources or the flight path of the aeroplane; and

2) develop guidance and standards for the assessment and demonstration of the noise
benefits associated with the operation of those systems/equipment.

Monitor research to characterize, quantify, and measure sonic boom signatures, and
their acceptability. The eventual goal of this effort is “.. to achieve international
agreement on measurement of sonic boom, the definition in quantitative or qualitative
terms of the expression ‘unacceptable situation for the public’ and the establishment of
corresponding limits,” as stated in Assembly Resolution A33-7, Appendix G.
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f)

Consider the development of Noise Certification Standards and Recommended
Practices that are economically reasonable, technologically practical and appropriate
for future civil supersonic vehicles.

N.3 AIRCRAFT TYPE NOISE CERTIFICATION DATABASE

a)

b)

c)

d)

To complete ICAO certificated NoisedB taking into account the following points:

— certificated noise data will be validated by
certificating authorities;

— certificated authority data will be inserted
when differing from initial certificated noise
data;

— certificated data will be provided for
re-certificated aeroplanes; and

— resolution of instances where multiple noise
levels assigned to a unique configuration.

All technical parameters relevant for determining noise levels will be taken into
account in NoisedB.

Ensure consistency with the corresponding emissions database. Investigate
standardization of data field nomenclature.

Study methods to enable the unique identification of acoustic configuration.

N.4  MONITORING NOISE TECHNOLOGY (TO BE COORDINATED WITH WG/3)

a)

b)

Provide advice and information on mid- and long-term noise reduction technology
prospects, by taking into consideration the various national and international research
programme goals and milestones.

Study the relationships between noise and emissions trade-offs, for aircraft production
cases and long-term views (20 years). The study will be conducted for NO4 emissions
and for all other relevant emitted gases and smoke. Trade-offs will be evaluated for
take-off, approach and flyover conditions. Cumulative effects will be produced.

N.5 AIRPORT PLANNING AND LAND-USE PLANNING AND MANAGEMENT

a)

b)

Update the Airport Planning Manual (Doc 9184) and investigate the possibility of
making the Airport Planning Manual more readily and cheaply available.

Exchange information on best practices by comparing different national systems and
the possibility of learning from mistakes and document, for the purposes of
developing ICAO guidance, land-use policies and procedures that have been shown to
be successful.
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9)

d)

e)

Update the Balanced Approach guidance material. Further develop the proposed
appendices on case studies and on encroachment and explore the issue of community
engagement.

Monitor and report on evolution of the implementation of environmental measures at
airports and by States.

Delivery of workshops to promote the Balanced Approach document and the Airport
Planning Manual, Part 2 — Land Use and Environmental Control.

N.6  NOISE ABATEMENT OPERATIONAL PROCEDURES

a)

b)

c)

Exchange information and data on the outcome of dedicated research.
Review prospects for the optimization of procedures and for the development of
advanced procedures in relation to ground and airborne system developments,

assessing the corresponding environmental effects (for take-off).

Assess noise and emissions reductions accrued from the use of CDAs.

N.7  MODELLING AND ASSESSMENT

a)

b)

c)

d)

€)

2

Continue to update, validate and document the MAGENTA tool and its databases to
ensure that it provides reliable assessments of regional and global aircraft noise
exposure. To provide and update of the evolution of the noise climate by CAEP/7.

Perform noise assessment studies that would serve as input into FESG cost benefit
studies that would analyse the effectiveness of other elements of noise mitigation.
Carefully consider the cost associated with collecting data of this type on a global
basis.

Maintenance of the necessary registration databases for CAEP analysis.

Update the Recommended Method for computing Noise Contours around Airports
(Circ 205) to reflect current practice and consider for inclusion complementary
information currently under development by the Society of Automotive Engineers
Aviation Noise Committee and the European Civil Aviation Conference (ECAC).

Develop noise/performance database that accompanies Circular 205.

Continue work that analyses population/housing developments around airports and
report on the degree to which noise protection zones are developed and enforced.

Evaluate the use of the models listed in the attachment to this work programme and
potential models for the analysis of trade-offs in coordination with FESG.

7.2 EMISSIONS

E.1 ASSESSMENT OF THE EVOLUTION OF THE OVERALL EMISSIONS
CONTRIBUTION
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E.2 RESEARCH

E.2.1 Monitor and foster research to characterize further the air quality and global effects
resulting from current and projected future aircraft exhaust emissions, including aviation’s contribution
relative to other sources. Report on the results of this research, evaluating and highlighting the aviation
environmental impacts relative to impacts from other sources.

E3 SUPPORT TO OTHER UNITED NATIONS BODIES AND INTERNATIONAL
ORGANIZATIONS

E.3.1 To continue to cooperate closely with the IPCC and other organizations involved in the
definition of aviation’s contribution to environmental problems in the atmosphere, and with organizations
involved in policy-making in this field, notably with the Conference of the Parties to the United Nations
Framework Convention on Climate Change (UNFCCC).

E3.2 Provide clarification and advice as necessary to UNFCCC on aviation emissions data and
methodological issues including:

a) facilitate provision of modelled fuel consumption and emissions data arising from the
use of validated aviation model for at least 2000 and 2001 (data by country, and, if
possible, by airline and aircraft/engine combination);

b) identify areas for improvement of the quality of data reporting, including revised and
updated emissions factors; and

c) assess and recommend options for improving the methodologies for estimating and
reporting GHG emissions from international aviation.

E.4 LONG-TERM TECHNOLOGY GOALS

E.4.1 Provide assessment of advances in engine and aircraft design technology for subsonic and
possible future supersonic aeroplanes and the degree to which these technologies could influence emission
levels and fuel consumption; including the potential benefits and trade-offs amongst various emissions and
noise, the likely timescale for introductions and appropriate inputs for assessment of the associated
economic and environmental costs and benefits.

E.4.2 For the purposes of establishing long-term technology goals for aircraft emissions
reductions:

a) implement a CAEP-approved process to set, periodically review and update
technology goals and identify environmental benefits, taking into account progress in
ongoing R&D efforts toward reducing aircraft emissions, environmental
interdependencies and trade-offs, and scientific understanding of the effects of aircraft
engine emissions;

b) support and monitor development of methods for understanding the inter-relationship
of technology goals targeting individual emissions performance improvements; and

¢) develop the inputs appropriate for use of air quality and climate impact models to be
used by CAEP to quantify the value of emissions reduction and to estimate the benefit
from long-term goals.
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E.5 METHODOLOGIES AND STANDARDS

E.5.1 In concert with the ICAO goals for improvement in the environmental performance of
aviation and in relation to the emission certification requirements contained in Annex 16, Volume II,
noting also the environmental interrelationships and trade-offs, for methodologies and standards.

a)

b)

d)

€)

g

h)

7

complete, by CAEP/7, validation of an alternate emissions methodology for NOj that
encompasses all phases of flight, other than the current LTO cycle, taking account of
the performance of the whole aircraft, and also taking into account potential
interdependencies with the existing certification regime;

consider and develop, if appropriate, possible certification procedures and standards
associated with the alternate emissions methodology for NOy for possible future
incorporation into Annex 16, Volume II;

identify the appropriate characterizations of particulates;

gather information on the contribution of particulates to local air quality and global
climate impact;

start to evaluate the feasibility of applying the alternative emissions methodology,
encompassing all flight phases, for emissions other than NOy, such as particulates
assuming a suitable metric for particulate matter can be identified;

consider the definition and applicability of “technological feasibility” in the emissions
standard setting process;

review the need for, and if necessary propose a methodology, for revision of the
emissions standards for engines intended for supersonic transport aircraft, taking due
account of any proposed noise standards revisions relating to supersonic transport
aircraft;

assess whether it is appropriate to consider, and if so review and make
recommendations for modernization of current emissions certification methods;

further develop a methodology for characterizing fuel consumption; and

to consider, as appropriate, more stringent standards for aircraft engine emissions
during the LTO cycle, especially NOy in light of the technological review process and
the CAEP principles of technological feasibility, economic reasonableness and
environmental benefits, taking account of the interrelationships between noise and
emissions, aiming to complete the process for review at CAEP/8 (in 2010).

E.6 MEASUREMENT AND SAMPLING

E.6.1 Review the appropriateness of current measurement and sampling requirements and
procedures for regulated emissions, together with new requirements, particularly for volatile particulate
matter, with the aim of making recommendations for incorporation into Annex 16, Volume II.

E.7 AIRPORT AIR QUALITY GUIDANCE

E.7.1 Provide guidance on assessing and quantifying airport source emissions.
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E.8 ENVIRONMENTAL TECHNICAL MANUAL

E.8.1 Develop by CAEP/7 an Environmental Technical Manual for emissions, consistent and
compatible with the approach taken for noise, including (but not limited to):

a) guidance material resulting from WG/3 AEMTG activities, relating to the assessment
of environmental impacts due to emissions; and

b) guidance material for compliance with the Annex 16, Volume II emissions
certification requirements.

E.9 FUEL COMPOSITION

E9.1 Review trends in aviation fuel supply composition to provide an understanding of any
emissions effects resulting from changes to refinery processes.

E.10 ICAO EMISSIONS DATABANK

E.10.1 Maintain technical input to the ICAO Engine Emissions Databank to ensure that it reflects
current fleet status.

E.11 EMISSIONS - OPERATIONAL ITEMS

a) Build upon the draft ICAO Circular on Operational Opportunities to Minimize Fuel
Use and Reduce Emissions with a view to expanding the use of the most effective
practices industry-wide and to explore their use as a basis for future voluntary
agreements.

b) Operational measures workshop — continue to conduct workshop on Aviation
Operational Measures for Fuel and Emissions Reductions in the remaining ICAO
regions.

c) Assess the current and future capabilities of SAGE and AERO2K to model the
environmental benefits of regional CNS/ATM implementation plans and their possible
application to the work of CAEP. Revise the Global Air Navigation Plan accordingly.

7.3 MARKET-BASED MEASURES
M.1  VOLUNTARY AGREEMENTS
a) Monitor the implementation of any agreements.
b) Periodically report on the status of ongoing agreements (if any)

M.2  EMISSIONS TRADING

a) Support the development of a voluntary emissions trading system provided by
interested States and international organizations (also referred to as “Avenue 3”).

b) Develop guidance for use by States as appropriate on incorporating international civil
aviation into their emissions trading schemes (“Avenue 17).
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M.3  CO,-RELATED EMISSIONS CHARGES

Undertake further studies and further guidance to the extent technical work is called for by
the Council.

M.4  NOISE CHARGES AND LOCAL AIR QUALITY EMISSIONS CHARGES

Collect and analyse information on existing charging schemes for noise and emissions
affecting local air quality, and explore the scope for harmonization.

7.4 FESG
F.1 Review of STRATUS economic input data.
F.2 Review of UNFCCC fuel databases and comparison with ICAO/CAEP data.

F.3 Review of SAGE model in conjunction with WG/2 and WG/3 (and other models as necessary e.g.

AERO2K).

F.4 Review and maintain the CAEP forecast (including retirement curves and a range of possible
scenarios).

F.5 Review the assumptions used in models employed in the development of previous noise and NOx

Standards, and the industry’s response to those Standards.

F.6 Provide support to WG/1 on Task N.2 b).

8. WORKING ARRANGEMENTS

8.1 The technical committee met as a single body, with ad hoc drafting groups as required.
Discussions in the main meeting were conducted in Arabic, English, French, Russian and Spanish. Some
working papers were presented in English only. The report was issued in Arabic, English, French, Russian
and Spanish.

9. OPENING REMARKS BY THE PRESIDENT OF THE
COUNCIL

On behalf of the Council and the Secretary General of ICAO, I would like to welcome you
all to the Seventh Meeting of the Committee on Aviation Environmental Protection (CAEP). CAEP is
essential for ICAO to reach its Strategic Objective of minimizing the adverse environmental effects of
global civil aviation and to meet its three related goals: limit or reduce the number of people affected by
significant aircraft noise, limit or reduce the impact of aircraft engine emissions on local air quality and
limit or reduce the impact of aviation greenhouse gas emissions on the global climate.

Over the years, you have consistently provided the Organization with authoritative and
credible technical information which is absolutely necessary for discussions in global fora on complex
environmental issues with considerable social, economic and political implications. Through your
deliberations and recommendations, you and your predecessors have made it possible for ICAO to develop
and promote realistic, comprehensive and forward-looking environmental solutions that have been
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endorsed by the world community. The depth and scope of your technical advice have proven essential in
arriving at decisions of a political nature.

During this latest CAEP/7 cycle, which culminates with the present meeting, you laid the
foundation for decisions and actions in a number of critical areas. You took a first step in the establishment
of the interdependencies modelling framework that will provide, I am sure, much more analytical
capability for CAEP to make recommendations in the future. You selected and analyzed candidate models
and databases that will enable a comprehensive assessment of options to address the impact of aviation on
the environment, including the trade-off of possible measures related to noise and emissions.

You also laid the groundwork for future assessments of the evolution of noise and
emissions emanating from aviation operations, thereby forming the basis for the review of our
environmental goals. You established a process for formulating a long-term vision for NOx goals,
something that industry has been requesting for a long time. You considered novel solutions to address
emissions from international aviation, such as the use of emissions trading. You proposed distinct
approaches to deal with the impact of aviation on local air quality and on global climate, making it
possible to address these issues separately in the CAEP cycle and increase our effectiveness with more
focused measures. And you have done all of this while continuing to develop the necessary proposals to
ensure that our main Standards and policies remain relevant, while developing measures leading to greater
operational efficiency.

As CAEP/7 gets under way, expectations are high, especially in the area of market-based
measures to limit or reduce emissions. At its last regular session in 2004, the ICAO Assembly endorsed,
through Resolution A35-5, the further development of an open emissions trading system for international
civil aviation and requested the Council of ICAO to provide further guidance to States for its
implementation. The CAEP Emissions Trading Task Force has prepared the much awaited draft guidance
for your review and ultimately for consideration by the next session of the Assembly in September. The
guidance will certainly be one of the highlights of this meeting and I am sure that the outcome will prove
invaluable in promoting a global consensus on such a critical subject.

Although I consider emissions trading a central issue of this meeting, I hasten to add that
all of your deliberations and deliverables will be highly consequential. Together, they could form the basis
for an ICAO plan of action encompassing all measures designed to deal effectively with aviation
environmental impacts, particularly with emissions. The need for concrete and coordinated action was
underscored by findings contained in the Fourth Assessment Report of the Intergovernmental Panel on
Climate Change made public last week, in Paris. The Working Group 1 contribution to the Report — titled
“Climate Change 2007: the Physical Science Basis” — clearly states that “there is more than a 90 per cent
probability that human action has contributed towards recent climate change”. Without a doubt, there is a
need to act, and more than ever, ICAQO is determined to provide the world with the leadership and guidance
it is looking for in moving towards a sustainable global air transport system.

The results of CAEP/7 will also be incorporated into the first ICAO Environmental Report
which will be published every Assembly year from now on. And they will be watched closely by
participants at the ICAO Colloquium on Aviation Emissions in May as well as other environmental
meetings in the coming months.

Of course, the impact of CAEP rests ultimately with States and the measures they adopt
and enforce. As the officially recognized international body to deal with aviation and the quality of the
environment, [CAO depends on the support of States. I would be most grateful if you could convey to your
respective States and organizations our sincere appreciation for their cooperation and support in terms of
expertise, models and databases that they have made available to CAEP. I would also like to thank our
members who have already contributed in a very tangible manner to the creation of the new Environmental
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Unit at ICAO, notably by seconding valuable personnel to assume responsibility for major components of
our programme.

Ladies and gentlemen, the challenge of CAEP can be seen as reconciling differing
legitimate interests and viewpoints in a world that is in constant mutation. One might be allowed to wonder
whether the accelerating change that is an integral part of today’s modern society is beginning to exceed
the capacity of our social institutions to cope. Adapting to change is particularly difficult for institutions
dealing with international or global issues that require a concerted, cooperative effort by many countries if
they are to succeed. Often the question is not only if we know what needs to be done, or whether we have
the technical capability to do it, but whether we can agree on how and when.

What we have accomplished together through CAEP in more than two decades and what I
believe we can accomplish in the future demonstrates that we can indeed agree on how and when. The
CAEP process can serve as a model of global cooperation in solving seemingly insurmountable problems.
As we begin our deliberations, let us be guided by this thought and by the conviction that what we will do
in a few short days may have a lasting impact for generations to come. I sincerely thank each and every
one of you for having taken this precious time to be with us and to have given so much thought and energy
in preparing this meeting.
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GENERAL
Report of the FESG
1. The Rapporteurs of the Forecast and Economic Analysis Support Group (FESG)

presented the group’s report. The main role of the FESG is to develop and maintain databases necessary
to provide the framework for performing economic analysis, forecasting fleet growth and providing
support to the other working groups within CAEP and to work with them on data issues that concern
more than one working group.

2. Pursuant to the results of the CAEP Steering Group meeting held in Bonn (Germany) in
November 2004, the following tasks from the CAEP/7 work programme assigned to the FESG, remained:

— F4 Review and maintain the CAEP forecast (including retirement curves and a range
of possible scenarios); and

— F5 Review the assumptions used in models employed in the development of previous
noise and NOX-standards and the industry’s response to those standards.

At a later stage a new task was assigned to the FESG:
— F7 Conduct an analysis of the cost-effectiveness of local air quality charges.

3. In addition, FESG had a consulting role with Working Group 2 (WG2) on task N.7,
which calls on WG2 to “evaluate the use of models listed in the attachment to this work programme and
potential models for the analysis of tradeoffs in coordination with FESG.”

4. The FESG had established three sub-groups to pursue its tasks. Between November 2004
and February 2007, the FESG held five face-to-face meetings and had also a number of conference call
meetings. The results of the Group’s work are reported below.

Traffic and fleet forecasts

5. FESG monitored traffic and fleet developments until the end of 2005 and compared them
to the CAEP/6 forecast. It was concluded that although the CAEP/6 forecast underestimated the average
annual passenger traffic growth for the period 2000-2005, that did not have a significant impact on the
overall 2000-2020 forecast period. In light of the difficulty of forecasting aviation in this 2000-2005 time
period when the industry went through some difficult times caused by the external shocks of the
September 11 terrorist attacks, the SARS outbreak, etc., the CAEP/6 forecast was remarkably consistent
with actual experience.

6. In preparation for the work of CAEP/8, FESG had prepared a document outlining the
methodology to be used to develop the new air traffic and fleet mix forecasts, including a description of
the method for adding a 10-year period to the 20-year forecast time horizon, and to conduct a sensitivity
analysis around the forecast.

Discussion and conclusions
7. The meeting approved the use of the methodology outlined by FESG for the development

of future forecasts. One member noted that the time horizon for some forecasts developed by other bodies
may exceed 30 years and recommended that the FESG considers this issue in its future work. It was noted
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however that the longer the time horizon the higher the uncertainty, in particular in the field of
technological advances related to aviation.

8. Another member requested clarification on the statement that the original CAEP/6
forecast would under-estimate the 2020 total traffic by about 10 per cent if the actual 2000-2005 is taken
into consideration, whereas the traffic recovery on some major route groups had taken longer than
predicted. In response, it was explained that there were some differences across route groups in terms of
recovery from these external shocks and in terms of traffic growth and that the overall growth was the
result of some route groups that have experienced already some more significant growth than initially
predicted. He also enquired about the feasibility of including Very Light Jets in the future analyses.

9. The meeting agreed that the timing of the development of future forecasts was critical
and should be examined during the discussion of future work under Agenda Item 4.

10. One member suggested that, for the preparation of economic analysis of noise and NOx
stringency, performance based values should be used instead of ICAO times in mode. He also suggested
that FESG should take advantage of progress made in the field of monetization of benefits in parallel with

using cost-effectiveness analysis. It was agreed that these issues would be discussed under a subsequent
agenda item.

Liaison activities with other UN bodies
Introduction
11. The meeting reviewed a report by the Secretariat on liaison between ICAO and other UN
bodies on environmental matters of interest. It was reported that ICAO had continued to cooperate closely
with organizations involved in the assessment of aviation’s environmental effects and associated policy-
making in the emissions field, notably with the UN Framework Convention on Climate Change
(UNFCCC) and the Intergovernmental Panel on Climate Change (IPCC). Liaison had also continued with
a number of other United Nations (UN) bodies including:

a) the United Nations Environment Programme (UNEP);

b) the Montreal Protocol on Substances that Deplete the Ozone Layer;

c) the UN Commission on Sustainable Development (CSD);

d) the UN ECE Convention on Long-range Transboundary Air Pollution;

e) the World Health Organization (WHO);

f) the International Maritime Organization (IMO); and

g) the World Meteorological Organization (WMO).
12. Regular reports on these activities with relevance to the work of CAEP had been

provided to the CAEP Steering Group meetings and the current report focussed on developments since
the last Steering Group meeting held in June 2006.
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The Intergovernmental Panel on Climate Change (IPCC)

13. Following the publication of the IPCC’s Special Report on Aviation and the Global
Atmosphere (1999), the ICAO Assembly had requested the Council to continue to cooperate closely with
the IPCC and other organizations involved in the definition of aviation’s contribution to environmental
problems in the atmosphere (Assembly Resolution A35-5, Appendix H, Clause 3a). Most of the
subsequent cooperation activities had been related to the preparation of the Fourth Assessment Report
(AR4) and of the 2006 Guidelines for National Greenhouse Gas Inventories (2006 Guidelines). ICAO had
requested IPCC to include in this report an update of the main findings of the Special Report, in particular
on the key areas of scientific uncertainty identified, such as the influence of contrails and aerosols on
cirrus clouds. Specific aviation issues had been included in the work of two of IPCC’s three working
groups, namely Working Group I — The Physical Science Basis and Working Group III — Mitigation of
Climate Change.

14. The final draft Report was to be considered by IPCC’s WG I in January 2007 and by the
IPCC in May 2007. It includes a Chapter entitled “Changes in Human and Natural Drivers of Climate”
which includes updates on “Aviation Contrails and Cirrus, Land Use, and Other Effects”.

15. The WG 1II report contained analyses of mitigation options for the main sectors in the
near-term, addressing cross-sectorial matters, and provided information on long-term mitigation strategies
for various stabilization levels, addressing the implications of different short-term strategies for achieving
long-term goals. Of particular relevance to aviation was a chapter entitled “Transport and its
infrastructure (road, rail, aviation, shipping, including transport fuels)”. ICAO experts had submitted
substantial comments on this chapter to ensure that it appropriately reflected the work of ICAO.

16. Regarding the 2006 Guidelines, ICAO had cooperated with the IPCC by providing the
necessary expertise and support for the development and refinement of a methodology for the calculation
of aviation emissions, including an update of its Emission Factor Database regarding aviation emissions.
The new guidelines were accepted by the IPCC in April 2006.

The UN framework Convention on Climate Change (UNFCCC)

17. The ICAO Assembly had also requested the Council to continue to cooperate closely
with organizations involved in policy-making in the emissions field, notably with the Conference of the
Parties of the UNFCCC (Assembly Resolution A35-5 Appendix H, Clause 3a). It had also requested the
Council to continue to study policy options to limit or reduce the environmental impact of aircraft engine
emissions and to develop concrete proposals and provide advice as soon as possible to the Conference of
the Parties (Assembly Resolution A35-5, Appendix H, Clause 3b), and made a similar request regarding
on market-based measures (Assembly Resolution A35-5, Appendix I, Clause 1).

18. Since CAEP/6, the main development regarding the UNFCCC had been the entering into
force of the Kyoto Protocol (KP) in February 2006. Of main interest to aviation were the activities
regarding the methodological issues related to aviation, the implementation of the flexible mechanisms of
the Protocol and the negotiations for the post-Kyoto period.

19. Most of the aviation issues had been considered by the UNFCCC’s Subsidiary Body for
Scientific and Technological Advice (SBSTA) and had focused primarily on consideration of
methodological issues related to emissions from fuel used for international aviation. Following a request
from the UNFCCC, ICAO had presented a report on the results of an aviation emissions and fuel
consumption data comparison exercise using data from aviation models made available to ICAO and
inventory information from UNFCCC. Since ICAO presented this report, there had been no further
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progress on methodological issues related to emissions from fuel used for international aviation. This lack
of progress by the UNFCCC had not helped ICAO in its work of developing measures that address
greenhouse gas (GHG) emissions from international aviation. If progress were to be achieved in this area,
it was important that it be achieved in a collaborative way in both fora. The UNFCCC would continue its
considerations of this matter in May 2007.

20. At the end of 2005, a Conference of the Parties to the Kyoto Protocol had been held. The
meeting agreed upon a process for consideration of action beyond 2012 under the UNFCCC, which
included the establishment of an open-ended ad-hoc group of Parties to the Kyoto Protocol (AWG) to
consider further commitments for Parties for the period beyond 2012.

21. The last Session of the ICAO Assembly had emphasized the importance of ICAO’s
taking a leadership role on all civil aviation matters related to the environment. As a consequence, the
Secretariat had presented a proposal for an aviation dialogue think tank force in CAEP to the last CAEP
Steering Group Meeting. The meeting considered that there was no need to establish such a force for the
moment but had agreed that there was a need for improved communication of the work already developed
by CAEP. In line with the agreement of the SG meeting and further consideration of this subject during
the 179th Session of the ICAO Council, the Secretariat was including as a proposal for future work the
development of a communication tool dedicated to better describing ICAO’s initiatives on aviation
emissions for the consideration of CAEP/7 under agenda item 4. The issuing of the ICAO Environmental
Report 2007 and the information to be provided at the Colloquium on Aviation Emissions (Montreal,
14 to 16 May 2007) might also contribute to the improved dissemination of information on ICAO’s work
in this area.

Cooperation with other bodies

22. IMO. AT IMO’s invitation, ICAO had provided information to the Air Pollution Working
Group of the Marine Environment Protection Committee (MEPC) in October 2006 on its work on
aviation emissions. The meeting welcomed the input from the ICAO Secretariat and instructed the IMO
Secretariat to report the outcome of the MEPC Session and the outcome of other relevant GHG work
within IMO to the ICAO Secretariat and further, to invite ICAO to report on its work in this area to IMO.
It was expected that there would be more cooperation in this area between ICAO and IMO in the future.

23. WHO. During the first quarter of 2005, ICAO had been invited to comment on a draft
document entitled “Aircraft Noise and Health” prepared by the WHOQO’s Regional Office for Europe.
ICAO had provided a substantial response to the WHO-ECE Secretariat. No further developments
regarding this publication had been brought to the attention of ICAO.

24, UNEP/CSD. ICAO is currently preparing its contributions to the 15th session of the CSD
(CSD/15), which will take place April/May 2007. The 2006/2007 theme — energy for sustainable
development, industrial development, air pollution/atmosphere, and climate change — was highly relevant
to ICAO. CSD/15 would be held during a “Policy Year” to decide on measures to speed up
implementation and mobilize action to overcome obstacles and constraints for implementation of actions
and goals in the thematic areas.

25. MONTREAL PROTOCOL. Cooperation had continued between ICAO and the Ozone
Secretariat, on the issue of a possible replacement of the current halon-based fire protection systems that
could offer an equivalent level of safety to aviation.
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Discussion and conclusions

26. The Representative of UNFCCC noted that the meeting was taking place right after the
release of the summary for policy makers of Working Group I of the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change. According to this report, the world faced an average
temperature rise of around 3°C this century, if greenhouse gas emissions continued to rise at their current
pace and were allowed to double from their pre-industrial level. In addition, the warming during the last
100 years had been 0.74°C, with most of the warming occurring during the last fifty years. The warming
per decade for the next twenty years was project to be 0.2°C per decade.

27. These findings, which governments had agreed upon, left no doubt as to the dangers
mankind is facing and had to be acted upon without delay. Any notion that we do not know enough to
move decisively against climate change had been clearly dispelled. It was politically significant that all
the governments had agreed to the conclusions of the scientists, making this assessment a solid
foundation for sound decision making. The world urgently needed a new international agreement on
stronger emission caps for industrialized countries, incentives for developing countries to limit their
emissions, and support for robust adaptation measures.

28. The good news was that the worst predictions of the IPCC were based on scenarios which
did not take into account action to combat climate change now or in the future. Both the policies and
technologies for preventing such consequences were available and putting them in place was precisely
what the Climate Convention and the Kyoto Protocol were designed to do. The economic costs of
inaction — for example, permanent displacement of millions of people — would be much higher than the
cost of action.

29. The IPCC would complete its assessments of the impacts of climate change and of
available preventive measures within the next four months and present its findings at the next UNFCCC
meeting scheduled for May 2007 in Bonn. It was believed that it was possible to build on the success of
the Kyoto Protocol in using market-based approaches to reduce the costs of action on climate change.

30. It was noted that UNFCCC had still not made progress in its consideration of
methodological issues relating to emissions from aircraft (see paragraph 2.3.3 above).

31. The meeting noted the Secretary’s report. It was agreed that CAEP should encourage the
input of aviation experts from States in both the development and review of the IPCC assessments,
although CAEP could not ensure such action.

32. An observer noted that ICAO had submitted substantial comments on the IPCC Working
Group III report chapter concerning “Transport and its Infrastructure” and wondered if these comments
could be made available to CAEP. The Secretary pointed out that these were expressly the ICAO expert’s
comments and not CAEP’s, but that they could be made available informally.

33. The observer also noted the Secretariat’s coordination with IMO and asked if information
received from IMO could be shared with CAEP. The Secretary noted that IMO and ICAO had agreed to
further strengthen the cooperation between their organizations and this would be reflected in future
communications from the Secretary of CAEP to the Group.

34. A member noted that if ICAO wished to demonstrate leadership on the environment it
would need to achieve progress across a range of areas and respond to future challenges constructively. In
this regard it was interesting that the President of the Council’s opening remarks had indicated that a
concerted effort was needed if the Organization wished to show it could adapt to accelerating change.
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35. A member noted the work of WHO on “Aircraft Noise and Health” and the meeting
agreed that CAEP should take additional steps to ensure a proper coordination with WHO on this issue.
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Agenda Item 1: Review of proposals relating to aircraft engine emissions, including the
amendment of Annex 16, Volume I1

1.1 REPORT OF WG3 - EMISSIONS TECHNICAL
1.1.1  Introduction
1.1.1.1 The Rapporteur of Working Group 3 presented the group’s report. Most of the work
items had been addressed by the 3 Task Groups (Alternative Emissions Methodologies (AEMTG);
Certification (CTG) and Long Term Technology Goals (LTTG)). Ad-Hoc groups had been formed to
address specific topics. Liaison with WG1, WG2, FESG and SAE has been via focal points.
1.1.1.2 The group’s report addressed briefly all the topics allocated to WG3 at CAEP/6. Items
which were the subject of major work were to be reported in separate working papers. These items
included:

a) long term technology goals;

b) technological feasibility;

¢) emissions standards for SST aircraft;

d) modernization of current emissions certification methods;

e) consideration of more stringent LTO emissions standards;

f) development of an environmental technical manual; and

g) interdependencies.

1.1.1.3 Brief reports on other items on the group’s work programme are given in the following
paragraphs. Item numbers refer to the work programme developed at CAEP/6.

1.1.2 Research (Item E2)

1.1.2.1 The WG3 Science Focal Points and the recently appointed Local Air Quality Research
Focal Point had continued to provide high quality scientific input to WG3 and its Task Groups,
particularly for the LTTG Technology Review and in the development of the particulate matter emissions
First Order Approximation (FOA).

1.1.3  Support to other UN Bodies and Agencies (Item E3)
1.1.3.1 WG3 had provided specialist technical support through the CAEP Secretary to UNFCCC,

specifically on the topic of updating the Intergovernmental Panel on Climate Change / National
Greenhouse Gas Inventories Program (IPCC NGGIP) Guidelines.
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1.1.4 Technology advances (Item E4.1)

1.14.1 The manufacturers’ organization had continued to provide substantial presentations on
technology advances to WG3. These had been focussed mainly on the LTTG review process.

1.1.5 Validation of the cruise-climb methodology for NO, that was
presented to CAEP/6 (Item E5.1 (A))

1.1.5.1 The original methodology had been based on a Weighted NO; Concept (WNC).
However, following proposals from WG3, the Steering Group had approved deferring the validation of
WNC whilst quantifying, to the extent possible, the potential consequences of relying purely on LTO
engine NO, emissions certification for control of mission emissions of NO,.

1.1.5.2 Subsequent work on this approach had been presented to a later meeting of the SG, which
had accepted the WG’s conclusions that:

a) altitude NO, emissions performance for current engines is controlled by LTO NOy
emission certification; and

b) future engines with potential new technologies, e.g. staged combustion, might behave
in a different manner.

In further discussion, the SG had concluded that it was satisfied with the evidence that correlation
between LTO NO, and cruise/climb NOx did exist for today’s engine technologies and did not see a
reason for continuing to study this item. It agreed that if a new aircraft/engine combination were
identified, WG3 would consult the Steering Group for the inclusion of an item in its work programme to
undertake this specific new assessment.

1.1.6 Consideration and development of NO, -cruise-climb
certification procedures and standards (Item E5.1 (B))

1.1.6.1 Work on this item had been deferred pending completion of work on the methodology
mentioned above. Given the conclusions of the SG, further work on this item did not appear to be
required.

1.1.7 Appropriate characterisation of particulates (Item ES.1 (C))

1.1.7.1 This topic incorporated work by an Ad-Hoc group developing a First Order
Approximation (FOA) for estimation of total (non-volatile + volatile) particulate matter (PM) as an
interim method for airport inventory purposes, development of sampling and measurement techniques by
SAE-E31, research activities in various Member States and general scientific understanding. WG3 had
approved the current interim approximation methodology for estimating PM emissions from turbo jet
aircraft engines for airport-specific LTO cycle emission inventory purposes only. WG3 had recommended
this for incorporation into the WG2/TG4 LAQ Guidance Material.

1.1.8 The contribution of particulates to local air quality and
global climate impact (Item ES.1 (D))

1.1.8.1 Work on this item is covered under paras. 1.1.2 and 1.1.7 above.
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1.1.9  Applicability of cruise methodology to emissions other than
NO, (Item ES5.1 (E))

1.1.9.1 Work on this had been deferred pending completion of work on the methodology
mentioned in para. 1.1.5 above. However, there had been no activity on this item since the direction of
work on climb-cruise methodology was reviewed and revised at the 2005 Steering Group meeting.

1.1.10 Further development of methodology for characterizing fuel
consumption (Item ES5.1 (I))

1.1.10.1 Work on this item had been incorporated into that described in para 1.1.3 above.
1.1.11 Measurement and sampling (Item E6.1)

1.1.11.1 WG3 had continued to work with SAE-E31, not only on the development work on PM
emissions sampling and measurement techniques (see para. 1.1.7 above), but also on techniques for
measurement and sampling that were applicable for current engine emissions certification. Though new
material had not yet been fully developed and approved, it is expected that this would be considered in the
future for adoption into Annex 16, Vol. II and/or into the new emissions Environmental Technical
Manual (ETM).

1.1.12 Provision of guidance on assessing and quantifying airport
source emissions, considering modern operational practices
(Item E7.1)

1.1.12.1 WG?2 had requested information from WG3 on the availability of emissions data to assist
them in the development of guidance material on the assessment and quantification of airport emissions.
In its response WG3 had limited itself to providing WG2 with data concerning aircraft engine and related
sources. These data sources included turbojet and turbofan engines, turboprop engines, APUs and piston
engines, together with the operational practices of start-up, less than 7% idle setting, less than all-engine
taxi, reverse thrust and derate or reduced take-off thrust.

1.1.13 Formal publication of the material on the use of LTO
emissions certification data for estimation of emissions under
operational conditions (Item E8.1 (A))

1.1.13.1 The material approved by CAEP/6 was originally expected to be formalised as a CAEP
Circular. However it became clear that this was going to have significant overlap with, and duplication of,
documentation being developed by WG2/TG4 relating to Local Air Quality. Therefore the Steering Group
had agreed that the material should be incorporated into the WG2 documentation and not provided as a
separate document. WG3 had been working with WG2 to achieve this.

1.1.14 Fuel composition (Item E9.1)

1.1.14.1 This topic had been considered under the “modernisation” topic (see para. 1.2.2 of the
report on this agenda item).

1.1.15 ICAO Emissions databank (Item E10.1)

1.1.15.1 The data bank continued to be maintained and updated by the UK CAA. The latest
version was V15. The website address is www.caa.co.uk/srg/environmental/emissions.
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1.1.16 Intergroup Co-ordination

1.1.16.1 WG3 had participated in inter-group work with WGI, WG2 and FESG through
Rapporteur telecons and attendance at each other’s meetings as appropriate, through appointed inter-
group Focal Points and by formal document responses. The work had included:

a) WG3 - WGI1: Technology Interdependencies through the joint TIG (see para.. 1.19
of this report), SST goals and timelines (see para. 3.8.4.1 of this report);

b) WG3 - WG2: Responses to requests from TG2 and TG4 (see paras. 1.1.12 and
1.1.13); and

c) WG3 - FESG: Responses to requests from IRTG.
1.1.17 Discussion and conclusions
1.1.17.1 The meeting noted WG3’s report and the status of its activities.

1.1.17.2 A member commented specifically on the topic of applying the -cruise-climb
methodology for NOy (see paragraph 1.1.5 above) and the acceptance by the Steering Group of WG3’s
conclusions. While supporting these conclusions, he wished to emphasise the caveats that surrounded
them, particularly that they only applied to past and current aircraft engines in the context of engine
technology certification. Application beyond technology certification would require CAEP to review the
need to revisit this issue. Furthermore, it should be clarified that the conclusion only applied to the NOy
emissions index for an engine and not to NOy emissions themselves. LTO EINOx was a constant for a
given engine, whereas altitude NO, emissions were also a function of the airframe, and sector operational
factors such as range, aircraft mass and flight profile. In response to a query, the member clarified that in
suggesting that any applications beyond technology certification would require further work, he was not
referring to fuel flow methodologies for estimating NOy cruise emissions already in use. Another member
noted that, in any case, the recent IPCC report appeared to indicate that CO, was the emission of greatest
concern and that NO, emissions at altitude might not be of such importance.

1.2 PROPOSED CHANGES TO ANNEX 16 -
ENVIRONMENTAL PROTECTION, VOLUME 1I -
AIRCRAFT ENGINE EMISSIONS

1.2.1 Introduction

1.2.1.1 The Rapporteur of WG3 recalled that, as part of the WG’s work programme, it had been
asked to: assess whether it is appropriate to consider, and if so, review and make recommendations for
modernization of the current emissions certification methods (E.5.1 h)); review the appropriateness of
current measurement and sampling requirements and procedures for regulated emissions (E.6.1); and
review trends in aviation fuel supply composition to provide an understanding of any emissions effects
resulting from changes to refinery processes (E.9.1). The WG3 Certification Task Group (CTG) had
consequently addressed these tasks and identified an initial list of seven areas where changes to Annex 16
appeared to be necessary to reflect current certification practices. So far, six of these seven work items
had been resolved and agreed at the WG3 level.

1.2.1.2 As a result of this work, amendments to Annex 16, Volume II had been developed,
together with guidance material where appropriate. The Rapporteur presented an overview of the
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proposed amendments. A detailed list of the changes is provided in Appendix A to this part of the report.
The meeting was also provided with detailed justification for each change.

1.2.2 Modernization work items

1.2.2.1 WG3/CTG had dealt with the following seven items:

Item 1. A review of current gaseous emissions corrections to reference day conditions

Item 2. A review of current fuel specification requirements for naphthalene and aromatic content

Item 3. A clarification of thrust condition to be used to define F,,

Item 4. Amendments to permit the use of alternative sample probe materials to stainless steel

Item 5. A review of improvements in sampling and measuring equipment, e.g. optical smoke meter

Item 6. Consideration of the need to clarify the certification criteria applicable to the modification
of currently certificated engines

Item 7. A clarification of the definition of the term “mixing probe”.

Work on all items had been completed except for Item 6. The results from Item 5 did not require any
amendment to Annex 16 text. The limited use of an optical smoke meter would be addressed in the ETM.
The final wording was still to be developed, specifically with regard to the specifications of the optical
measurement equipment.

1.2.2.2 Work on Item 6 was still in progress. Currently it was focused on the applicability of
Standards for certificated engine types which had been subsequently modified. The issue was complex
and any changes needed to be carefully considered. WG3 had started to discuss some basic principles
while taking into account current certification practices. This work was expected to continue in the future.

1.2.3  Description of the proposed changes

Item 1
1.2.3.1 A number of areas of concern had been raised at CAEP/6, these were:

a) terminology relating to corrections to reference engine conditions and reference
atmospheric conditions were not consistent. The Annex did not correctly nor
adequately define when measured results should be corrected to the reference
atmospheric conditions, and/or corrected to the reference engine conditions;

b) the terms used for the humidity corrections were not clear;

c) several apparently equivalent terms were used to describe thrust setting (e.g. power
setting, operating mode, mode setting); and

d) the relationship between fuel flow and combustor inlet temperature (W, v T},) was
defined in Appendix 3, paragraph 7.2.2 b), and used in 7.2.3 c). However, it was not
stated whether measured or corrected W; values should be used.

1.2.3.2 These issues had been addressed and the following proposals were being made:

a) revise the text to specify clearly the applicable corrections to reference atmospheric
conditions and to the reference standard engine, both for smoke and gaseous
emissions;
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b) introduce a clear distinction between the two different humidity terms used, and
eliminate the use of straight brackets in the equations;

c) use the term “LTO operating modes” when referring to the specific LTO cycle points
of paragraph 2.1.4.2. For all other cases "Thrust Setting" would be used to refer to
non-specific operating conditions; and

d) clarify the appropriate value of fuel flow to be used in emissions rate at each LTO
point.

Item 2

1.2.3.3 A Member supported the WG3 proposal at CAEP/6 to broaden the fuel specification in
relation to hydrogen content, and proposed similar broadening for fuel aromatic and naphthalene contents.
This was because of difficulty in finding fuel that met the specifications in his State.

1.2.34 A review of the availability of fuel meeting the specification had indicated that generally
available fuels frequently failed to meet a number of the specification limits. However, amending the
specification to encompass all available fuels would have an effect on stringency. It was therefore
proposed to amend Annex 16 to permit deviations from the specification subject to the application of
agreed corrections.

1.2.3.5 The proposed changes to the Annex 16 text, and accompanied by further guidance
material on the application and limitations of deviation and correction. The changes proposed would
reduce certification costs by enabling manufacturers to use fuels available locally, subject to the
application of acceptable corrections to eliminate any effect on the test results. Without this change it was
very likely that CAEP would be asked to amend the fuel specification on a regular basis to take account
of future variation in fuel supplies.

Item 3

1.2.3.6 The current definition of “rated output” included the expression “maximum power/thrust
available for take-off” and was not the correct parameter for this purpose. Firstly, the installed
power/thrust was not a certificated parameter, as it included deductions from the rated thrust for
installation effects, such as nacelle drag and aircraft power requirements. Secondly, where an engine was
approved with additional emergency thrust capability, it was not necessary to carry out the testing at this
higher thrust. In practice, the certificated (or uninstalled) rated take-off thrust has always been used for
emissions certification. Also, as all engines affected by the Annex were turbo-jet or turbofan engines, the
output of these engines was always measured in terms of thrust, and “thrust” should be used instead of
“output” throughout the Annex. A new definition had therefore been developed.

Item 4

1.2.3.7 Sampling emissions behind modern gas turbine engines required the use of rakes
fabricated of materials capable of withstanding the thermal and structural loads imposed during high
power operation. Annex 16, Volume II defined the specifications for rake fabrication, and currently the
only material specified was stainless steel. Recent certification tests by some manufacturers of their latest
technology engines using the stainless steel rakes specified in Annex 16 had resulted in sampling
hardware problems which had led to costly delays to test schedules. To alleviate this problem, rakes made
of materials with higher strength had been used in lieu of stainless steel after the manufacturers, working
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with the authorities, had demonstrated that the accuracy of the emissions measurements had not been
compromised.

1.2.3.8 Changes were therefore proposed which would enable manufacturers to make emissions
measurement rakes from materials which had adequate temperature capability, provided they were non-
reactive. The proposed changes to the Annex 16 would be supported by guidance material on equivalent
materials.

Item 7

1.2.39 Some aspects of the sampling procedures of Annex 16, Volume II and the appropriate
corrections in the English and French language versions are unclear. In one aspect the English and French
versions did not have the same technical meaning. The following specific changes to the French text only
of Appendix 2, 2.1 and Appendix 3,5.1.1 are required:

a)

b) Si une sonde de prélevement multiple est utilisée, tous les orifices de prélevement
auront le méme diameétre. La sonde sera congue de telle maniere que 80% au moins
de la chute de pression a travers la sonde se produise aux orifices.

c) Le nombre de points de prélevement ne devra pas étre inférieur a 12.
d)

1.2.3.10 Appropriate changes to the Annex 16 text in English and French were proposed, with
supporting guidance material.

Other Changes

1.2.3.11 In the course of the work described above, the need for several other changes in the text
had been identified. These included the provision of a link from Annex 16 to the new ETM and
clarification that equivalent procedures in the new ETM would meet the intent of variations in the
procedures as defined in Appendices 2 and 3 of Annex 16, Volume II. A specific change concerns the
Note following 2.2.2 of Appendix 2 which allows the use of copper. Since the use of copper is
problematic and the metal is seldom if ever used in engine emissions testing, WG3 recommended that the
reference to copper should be removed from this Note.

The proposed amendments are shown in Appendix A to the report on this agenda item.
1.2.4 Discussions and conclusions

1.2.4.1 The meeting agreed with WG3’s proposals for an updated and more consistent text of
Annex 16, Volume II which reflected current certification practice. It noted that the amendment should
facilitate certification without affecting stringency.

1.2.4.2 A member suggested that confusion might arise over the use of the terms “equivalent
procedure” and “variations in procedure” in the new Note proposed for attachment to paragraphs 2.2.2
and 2.3.2 of the Annex as these expressions meant substantially the same thing. It was explained that
these were essentially similar concepts, one used in the Annex and the other in the guidelines that would
form a new Environmental Technical Manual (ETM) on emissions and for that reason both had been used
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(Secretariat Note: this matter was subsequently resolved during discussions on the proposed new ETM,
Volume II — see paragraph 1.3.3.4 of this report.

1.2.5 Recommendation

1.2.5.1 In light of the foregoing discussions the meeting developed the following
recommendation:

RSPP | Recommendation 1/1 — Amendment to Annex 16, Volume II — Aircraft
Engine Emissions

That Annex 16, Volume II be amended as indicated in Appendix A to the
report on this agenda item.

1.3 PROPOSAL FOR THE ENVIRONMENTAL TECHNICAL
MANUAL (ETM, DOC 9501), VOLUME II

1.3.1 Introduction

1.3.1.1 The Deputy Rapporteur of WG3 noted that, as part of its work programme, WG3 had
been requested to develop a second volume of the Environmental Technical Manual (ETM) for
emissions, consistent and compatible with the approach taken for noise (Volume I), including but not
limited to guidance material in support of Annex 16, Volume II. WG3 had consequently agreed on the
structure, definitions of guidance material categories and principles to follow in developing the ETM.

1.3.2 Development of the ETM, Volume I1

1.3.2.1 Initial focus had been on guidance associated with Annex 16, Volume II, Part III,
Chapter 2. Turbo-jet and Turbofan Engines Intended for Propulsion Only at Subsonic Speeds. With work
completed on Part III, Chapter 2, and a “front end” to the ETM, Volume II developed, the group had
begun work on Part III, Appendix 2. Smoke Emission Evaluation. A copy of the front end to the ETM,
Volume II, Part III, Chapter 2 and Appendix 2, were provided for the meeting’s review. During the
development of Appendix 2 text, several issues had been identified which need further discussion within
CTG and WG3 in order to clarify requirements and for the appropriate disposition of issues. These issues
were in addition to those identified in developing the text of Part III, Chapter 2. It was pointed out that
discussion of these issues might result in either amendments to Annex 16, Volume II or the need for
guidance in the ETM. Work on these issues needed to be continued and would be addressed in the future
work programme.

1.3.2.2 In developing the guidance material for Appendix 2, it had been discovered that a non-
ICAO document referred to in Section 2.3 j), i.e. American National Standards Institute (ANSI)
PH2.17/1977, had been withdrawn and was no longer manufactured by ANSI. There were no plans within
ANSI for an equivalent standard to be issued. Discussion with the SAE E-31 Committee, which also
refers to ANSI PH2.17, resulted in this issue being considered at their annual meeting, April 5 to 7, but
without any resolution. An appropriate replacement, if not the only one, would be ISO 5-4 1995,
“Geometric conditions for reflection density”. In addition to this problem with the reflectance standard,
WG3 had been made aware that SAE E-31 had modified the requirements for reflectance measurement in
ARP 1179C to include the use of a green tristimulus filter and traceable secondary diffuse reflectance
calibration standards. This was under review by CTG for applicability in Annex 16, Volume II. If it is
were determined to be appropriate to the measurement of filter reflectance, the question of adding it as an
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amendment to the Annex, or more simply as explanatory information in the ETM, would be evaluated and
a recommendation made.

1.3.2.3 The need for Annex 16, Volume II to make reference to the emissions ETM in order to
ensure the effectiveness of the ETM had been revisited. This need was particularly relevant when dealing
with equivalent methods which require the approval of the certificating authority. In addition, the
difference in language between Annex 16, Volume II which used the term “variations in the procedure”
and the ETM which used “equivalent procedure” could lead to some confusion in interpretation during
the certification process. An amendment to overcome this problem had already been proposed.

1.3.3 Discussion and conclusions

1.3.3.1 The meeting agreed with the concept of developing a new Volume II of the ETM and
endorsed the material developed so far. A concern, however, was how the material would be published.
The Secretary explained that since a revised version of Volume I of the ETM was anticipated, and in view
of the limited nature of the new material intended for Volume 1II at present, the plan was to delay formal
publication until both volumes could be produced together. However, so that the material developed for
Volume II could be used in the interim, it was proposed to publish it as guidelines on the ICAO public
website.

1.3.3.2 The meeting agreed with the procedure and noted that the introduction to the guidelines
would be amended to clarify its status. It was considered that this procedure would still allow national
authorities to incorporate the material in their own regulations by reference to the CAEP/7 report, if they
so desired.

1.3.3.3 The text of the guidelines, which will eventually form part of Volume II of the ETM, is
shown in Appendix B to the report on this agenda item.

1.3.34 A member pointed out that the proposed Annex 16, Volume II amendments previously
discussed included (paragraphs 2.2.2 and 2.3.2) a reference to the ETM and this could not be included in
the Annex until the document had been formally published. The meeting agreed and the proposed
amendment was revised accordingly. It was noted that this action would also remove the terminological
difficulty previously reported in 1.2.4.2 above.

1.3.4 Recommendation

1.3.4.1 In light of the foregoing discussions, the meeting developed the following
recommendation:

Recommendation 1/2 — Publication of guidelines related to engine
emissions certification

That the guidelines contained in Appendix B to the report on this agenda item
be published on the ICAO public website.
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1.4 DEFINITION OF TECHNOLOGICAL FEASIBILITY IN
THE CONTEXT OF CONSIDERING REVISED ENGINE
EXHAUST EMISSIONS STANDARDS AND TRANSITION
GOALS TO STANDARDS

1.4.1 Introduction

1.4.1.1 The Deputy Rapporteur of WG3 presented a paper summarizing the work accomplished
by WG3 in assessing the technological basis upon which future engine exhaust emissions Standards
should be based, taking into account how such a basis should also be used in the complementary work of
establishing technology goals for the reduction of NOy emissions.

1.4.1.2 Previous attempts had been made to clarify the definition of technological feasibility
based upon an understanding of the philosophy adopted during the initial Standard setting undertaken by
the ICAO Committee on Aircraft Engine Emissions in 1978 and 1980. During the assessment of NOy
stringency during the preparation for CAEP/6, the text of a working assumption had been agreed, but this
text did not make any reference to a goal-setting process.

1.4.1.3 During preparation for this meeting, it had been agreed that further defining technological
feasibility, including consideration of goal setting, would best be achieved by introducing the use of a
Technology Readiness Level (TRL) scale. Such a scale had consequently been agreed by WG3. It had
originally been developed by NASA as a general tool characterizing the level of development of new
technologies across a wide range of applications including space vehicles, aircraft systems, aircraft
engines and engine components. It had been slightly modified with the input of the European
Commission. It had been recognized that goal setting would involve some degree of judgment on the
performance outcome that was likely through the TRL development process. However the TRL scale
would provide a consistent measure of technological development that aligned well with the objectives of
identifying transition from long term goals to mid term goals, and for considering future Standards based
upon achievement of mid term goals.

14.14 WG3 had further agreed that TRL8 was the point at which technologies could be deemed
to be technologically feasible in the context of ICAO Standard setting. Technologies demonstrated up to
and including TRL7 would be appropriate for consideration in a goal-setting process with long term goals
encompassing the range of TRL2-5 and mid term goals encompassing the range of TRL6-7.

1.4.1.5 A revised definition of technological feasibility taking into account both the goal-setting
and Standard setting processes, had also been developed. The definition acknowledged that a Standard
would typically apply some 3-4 years (short term) after CAEP agreement, therefore referencing TRLS
("flight qualified through test and demonstration") draws in technologies already proven, and either
already certificated or about to be certificated with entry into service shortly thereafter. TRL9 took into
account only engines already in service and ignored the known introduction of further engine technology
developments prior to the effective date for a new Standard. Introduction of the goal-setting reference
acknowledged the basis for transition from goals to consideration of Standards and provided a logical link
between short, mid and long-term timescales.

1.4.2 Discussion and conclusions
1.4.2.1 The meeting noted the work done by WG3 on this topic and endorsed the use of the

technical readiness scale as proposed. It also approved the definition of “technological feasibility”. The
scale is illustrated in Appendix C to the report on this agenda item.
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1.4.2.2 An observer noted that the definition of technological feasibility included the expression
“a sufficient range of newly certificated aircraft” and he questioned what was precisely meant by this
expression. He was informed that WG3 had not been able to be any more precise and this could be a
matter of judgement in a cost-benefit analysis.

1.42.3 Other members noted that in view of the normal timescales for the applicability of new
Annex 16 applicability provisions (usually three or four years), there was an implication that a regular
review of technology would need to be undertaken. It was agreed that use of the scale would be an
integral part of the goal setting process and that Technical Readiness Level (TRL) 8 should be accepted as
defining feasibility in the context of Standard setting. Mid-term goals were consistent with TRL 6 and 7
and long-term goals with TRL 2 to 5.

1424 It was also agreed that a similar process should be used in determining technical
feasibility in the case of noise provisions.

1.4.2.5 It was also noted that the development of standards based on TRL 8 needed to be part of
an overall package incorporating long term goals (see para 1.7 of the report on this agenda item).

1.4.2.6 It was questioned whether the right hand side bars shown in Appendix C should be
included since the division between research institution and manufacturer could well vary from State to
State. However, it was agreed that the only issue was where the manufacturer might become involved in
the process and in any case the bars were only illustrative in nature. It was agreed not to change the
diagram.

1.5  EFFECTS OF AIRCRAFT EMISSIONS ON LOCAL AIR
QUALITY

1.5.1 The Focal Point on Local Air Quality gave a report on the latest scientific consensus on
the effects of aircraft emissions on local air quality in the vicinity of airports.

1.5.2 In respect of local air quality, the main concern was the effect on human health from
particulate matter, ozone and oxides of nitrogen (NOy). A new concern was that surrounding hazardous
air pollutants (HAPs). Annex 16, Volume II already imposed limits on NO,, unburned hydrocarbons
(UHC) and smoke (particulate matter) but interaction between these emissions and the role of HAPs was
not well understood. There may well be trade-offs involved in the reduction of these emissions, as there
were between CO, and NOj production and also with noise concerns. When considering local air quality,
ambient pollutant levels were a factor and the effect of different emissions could vary with location.

1.5.3 NO, continued to be an issue. It was a participant in ozone formation and also contributed
to the acidification of fog and rain. Aviation was not the only low altitude producer of NOj, but the
relative contribution from aviation could become greater as other sources reduced NOy emissions. In
some locations, NO, was a specific health concern and the ratios of NO, to NO in NO, could become an
issue.

1.54 While UHC were controlled by the Annex provisions, they were interrelated with HAPs
and more detailed characterization of UHCs may be required in the future.

1.5.5 Much research was in progress in the area of particulate matter (PM). Although smoke
emissions were regulated, the emphasis of the current Standard was to reduce the visibility of the smoke;
it was not aimed at reducing invisible particulates. Some fine particulate matter had been identified as
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being injurious to human health and this fraction needed to be better understood. It was well understood
that the sulphur in aviation fuel contributed directly to the emission of gaseous sulphates and sulphur
dioxide. However, how these compounds contributed to secondary fine particles was less well
understood.

1.5.6 Discussion and conclusions

1.5.6.1 The meeting noted this information with interest. A member commented that there
appeared to be a lack of consensus in the scientific community in this area at present. The Focal Point
considered that while there was general agreement on what was being emitted by aircraft engines, the
response of health authorities on health impacts to the data so far available had not yet been forthcoming.
It was agreed that the question of health impacts was not currently within CAEP’s purview, but a member
suggested that CAEP may need to consider the impacts in the future as it considers environmental goals.
The RFP noted that, since such information might not be forthcoming for a long time, it might be wise for
CAEP to take some kind of proactive stance, as it had done for smoke in the past.

1.5.6.2 It was generally agreed that no specific action could be taken at this time, but that thought
should be given to what process might be used to deal with this matter, if necessary, in the future.
Meanwhile, further information from health authorities and on measurement techniques was eagerly
awaited.

1.6 PRESENTATION BY THE WORLD
METEOROLOGICAL ORGANIZATION

1.6.1 The Representative of the World Meteorological Organization (WMO) made a
presentation to the meeting. He briefly described his Organization’s purposes and functions and stressed
its long standing and close cooperation with ICAO on aviation-related meteorology matters. WMO was
also closely involved with environmental issues through its World Climate Programme and other
initiatives.

1.6.2 Concerning aviation and climate change, he acknowledged that although global climate
change was a reality, more research was needed to understand its consequences. Aviation was only a part
of the problem; small in some cases and more significant in others. He stressed that climate change was
more than global warming, causing increased storm activity and rainfall, but also increased
desertification. It was already understood that aviation was contributing more than CO, to climate change.

1.6.3 He mentioned that operational measures taken to mitigate the effects of aviation on the
environment could make more use of meteorological information, for example by avoiding holding
procedures at destination airports which had marginal weather conditions forecast at departure.

1.6.4 A specific area of uncertainty was in the area of contrail and cirrus cloud formation.
These phenomena had only a moderate affect on global warming by day because of their radiation
reflecting characteristics, but were more instrumental in causing warming at night. The atmospheric
layers involved were very thin and could be avoided and less traffic by night would help alleviate the
problem. A potentially positive aspect was the environmental monitoring that aircraft could undertake.

1.6.5 It was also appropriate that aviation authorities should begin to consider adaptation
measures to help cope with the effects of climate change. Such effects could include:

a) the effects of climate change on populations, migration and tourism;



Report on Agenda Item 1 1-13

b) the effects on daily operations of severe local weather situations which were
becoming more violent and frequent; and

c) the role of aviation in emergency relief and rescue operations.

1.6.6 The meeting noted the presentation with interest. It was, however, appreciated that some
of the assertions were the opinion of the presenter. In particular, a member noted that suggestions for
operational modifications to avoid contrails/cirrus were premature and inconsistent with the recently
released Fourth Assessment Report by IPCC’s WG1, which noted a low level of scientific understanding
of contrails/cirrus.

1.7 REPORT OF THE INDEPENDENT EXPERTS ON THE
2006 NOx REVIEW AND THE ESTABLISHMENT OF
MEDIUM AND LONG TERM TECHNOLOGY GOALS
FOR NOx

1.7.1 Introduction

1.7.1.1 At CAEP/6, WG3 had been requested to assess the prospects for NO, emissions
reductions from technology developments that might be possible over the next 20 years. The Steering
Group had subsequently agreed in October 2005 that the review should be focused on NO;, that it should
be seen as a pilot project, and that it should take into account any impact on other areas such as noise,
CO; etc. as a second step, once CAEP had gained confidence in the process. The Steering Group also
approved the commissioning of a group of independent experts to carry out the review and to record
results as technology goals for both the medium and long term (10 and 20 years respectively). This review
had been carried out in March, 2006, under the direction of the LTTG whose rapporteur gave an overview
of the activity.

1.7.2  Overview

1.7.2.1 It was noted that the objective was an assessment of the industry’s ability to reduce NOy
emissions at source. It had been agreed that an independent review process was needed and that it should
involve the use of the accepted certification parameters. This was the first goal setting review of its kind
undertaken by CAEP.

1.7.2.2 The objective was to inform CAEP on possible future emissions reduction trends over the
long term, as required for policy-making purposes, not least to be able to consider future possibilities for

emissions improvements/standards.

1.7.2.3 The independent experts, six in number, had been provided by States. Basic information
to assist their review had been provided in the following areas:

a) relationship between goal setting and standard setting;
b) an atmospheric science review; and
c) areview of current and developmental technology.

Brief summaries of the information provided to experts under these headings was presented to the
meetings as described in the following paragraphs.
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1.7.3  Relationship between goal setting and standard setting

1.7.3.1 This information was basically that already described in paragraph 1.4 of the report on
this agenda item.

1.7.4  Atmospheric science review

1.7.4.1 This review was intended to provide an overview of the latest scientific consensus on the
effect of aviation emissions on the atmosphere for both local air quality and climate change. This was to
provide a framework for future questions to help assess the environmental benefits of technology
improvements in trade-off studies. The aspect of trade-offs was only beginning to be studied by the
scientific community. The science review was limited to emissions, although there might also be trade-
offs with noise involved.

1.7.4.2 The basic trade-off question was, if technology improvements resulted in decreasing one
emission species at the expense of others, how does one determine whether the trade-off is beneficial in
environmental terms? The emissions of interest were detailed, as were the steps to be followed in trying to
answer this basic question in a particular case.

1.7.4.3 It was noted that LTO emissions dominated impacts on local air quality and non-LTO
emissions dominated impacts on climate change. However, there was a lack of dialogue between the
separate scientific communities addressing these two aspects. Partly because of this, in the global science
community there was more emphasis on quantifying impacts, whereas in local air quality the emphasis
was on emissions inventories to compare aviation with non-aviation sources.

1.7.4.4 The importance of the metric chosen to assess trade-offs in the global impact area was
stressed and illustrated.

1.7.5 Technology review

1.7.5.1 The information provided by manufacturers on current combustor technology and
technology under development was described. The basic purpose and function of a combustor was
illustrated and the extreme temperature and pressure condition were noted, as was the physically small
space in which combustion occurred and the very short time scale involved. Many requirements, often
conflicting, had to be met by any design. These included:

a) minimal fuel consumption;

b) a wide range of thrust requirements, rapid acceleration/deceleration in varying
ambient conditions (e.g. rain and hail);

¢) ground starting and altitude relight capabilities;
d) combustor and turbine durability; and
e) low weight and cost.

There was also always the overriding requirement for safety.

1.7.5.2 The optimum fuel/air ratio for combustion efficiency resulted in the highest combustion
temperatures. NO, production was temperature dependent and therefore also highest at the optimum fuel



Report on Agenda Item 1 1-15

air ratio. NOy production was also dependent on residence time at high temperature. NO, production
could be reduced, at the possible expense of fuel consumption and/or the production of other emissions,
by burning a rich mixture or burning a lean mixture of fuel and air.

1.7.5.3 Recent engine certification results covering ten engine families with a wide range of
thrusts and pressure ratios showed all engines meeting CAEP/6 requirements, with a range of margins of
compliance. All these combustors used the rich mixture approach. In the middle term, new technology
combustors using both rich and lean approaches were at the TRLS and 6 stage and were showing
considerable promise. However, it was emphasized that significant additional effort was required to
translate these technologies into production engines.

1.7.6  Report of the independent experts

1.7.6.1 The chairman of the group of independent experts presented the group’s report to the
meeting. He thanked all those who had provided the information necessary for the group to complete its
task. He believed the group had produced a balanced report. He noted that there had been no previous
experience of such an exercise and that the group had had to “learn by doing”. Any future similar reviews
should be easier as a consequence. He also noted that no attempt had been made to undertake cost-benefit
analyses because of lack of time and of agreed models and scenarios.

1.7.6.2 From the background information supplied to it, the group had noted the difference
between goals and standards and that it was only concerned with goal setting. According to the IPCC
1999 Special Report, aviation was estimated to produce 2% of global anthropogenic CO,, but 3.5% of
radioactive forcing. However, these contributions were growing and were estimated to be 5% (CO,) by
2050. Some climate impacts were very long term (e.g. CO, more then 100 years). NO, remained
important but other pollutants needed to be considered.

1.7.6.3 Concerning the science aspects of local air quality, the group noted that there was not
much information available. Significant LAQ pressure already existed (e.g. EU directives). NO, appeared
to be the most significant aviation emission but UHC and particulates would need future study. Source
attribution was an issue but aircraft contribution appeared to be significant within 1 km of the airport, and
relatively small 2 to 3 km away. It appeared that pressure to reduce aircraft NO, further would continue at
least into the mid-term. For the long term (20 years), more work was needed, including perhaps cost-
benefit analyses of trade-offs.

1.7.6.4 Concerning the science aspects of global climate change, the group noted continuing
uncertainties regarding the impact of cirrus clouds and particulates. It noted that NO, was only exceeded
in concern by CO,. Climate response time was noted to be a particular factor; in the short term NOy
appeared to be more significant then CO,, at around 50 years NO, and CO, were about equally
significant, but over the long term (100+ years) CO, was much more important.

1.7.6.5 The group noted some global trade-off considerations, e.g. reduced NOy resulted in
increased CO,, CO and HC minimizing noise could result in a 1.5% NO, penalty for one example of
aircraft/engine combination. It also noted that the airworthiness requirement for engine relight capability
at 30,000 ft might be challenging for lean burn combustor concepts and a relaxation of this requirement to
25,000 ft could perhaps be examined. Overall the group concluded that for local air quality there was
insufficient cost and benefit information to guide robust conclusions; in the global climate case it did not
appear desirable to trade NOy and CO, since it was important to reduce both.

1.7.6.6 Concerning technology, the group noted that there had been successive increases in NOy
stringency in the past and recently certificated engines were between 5% and 20% below the CAEP/6
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limits. Combustors under development were predicted to be up to 40% below the CAEP/6 levels. The
group did not think that alternative fuels would be a significant factor in the medium or even possibly
long term and in any case had limited potential for NO; reduction.

1.7.6.7 In developing goals the group, while acknowledging the environmental pressure to
reduce NOy, did not consider that the environmental need was sufficiently quantified to inform judgement
on the level of goals to be recommended. It therefore based its proposals on predicted technical capability
for NO; emissions reduction. It had agreed that goals would be based on leading edge technology and
more aggressive than best available current technology. This approach did raise issues however over such
points as the well known steep NOy rise which can accompany engine development within a family;
competition; small engine problems; and thrust alleviation. Also the allowance previously made for
higher pressure ratios should be re-examined. These, however, were all considered to be stringency and
not goal-setting issues.

1.7.6.8 Inevitably there were uncertainties involved in such an exercise as this and goal bands
rather than single lines had therefore been developed. The band width was greater for the long-term goal
than for the mid-term and it was thought that the mid-band values represented a 50% probability of
achievement.’

1.7.6.9 The goals which the group had developed were:
2016, medium term (MT), CAEP/6 levels — 45%, £2.5% (of CAEP/6) at a PR of 30
2026, long term (LT), CAEP/6 levels — 60%, £5% (of CAEP/6) at a PR of 30

In summary the Chairman of the group of independent experts commented that the difference between
CAEP/6 levels and the MT and LT goals emphasized the difference between stringency and goals.
Despite continuing scientific uncertainty, it was clear that technology should address both NO, and CO, in
the future, noting CO, had the greater long term impact. It was the opinion of the IEs that significant
R&D investment during the 1990s should ensure sufficient technology to support the MT NOy goal
substantially below CAEP/6 with a relatively narrow band of uncertainty. Meeting the challenging LT
Goals would require technology breakthroughs, and the achievement uncertainty was significantly
greater. The recommended goals were based on technology capability driven by qualitative environmental
need: future reviews should quantify the environmental need. Little opportunity had been found to trade
one emission against another. It was considered inadvisable to trade lower NO; against increased CO, and
other possible trades would require a better quantifying process and appropriate assessment tools. It was
also noted that absolute levels of NOy production were becoming very low and that achieving the LT
goals and any further future reductions would be subject to the law of diminishing returns.

1.7.7 Discussion and conclusions

1.7.7.1 The meeting congratulated the group on its ground-breaking efforts. It noted that this was
an initial review, limited to NOy and it noted the conclusions and recommendations of the group’s report.
A member asked if settling the goals had been difficult. The Chairman of the Group of independent
experts responded that the Group had given the matter full consideration and discussion, but as the goals
were evidence-based, consensus had been achieved with relative ease. The meeting approved the report
for future use within CAEP, although there was some uncertainty about how it would be used. It agreed
that the report should be made publicly available, however it was noted that it was not an ICAO report of
a normal type. It was the view of a group of independent experts and could not be edited by ICAQ. It was
agreed that it should be published on the ICAO public website in English only, as soon as possible, with a
suitable indication that it was the work of independent experts and not an ICAO report. Also, it was
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agreed that all the presentations relating to the LTTG review would be made available on the ICAO
public website.

1.7.8 Recommendation

1.7.8.1 In light of the foregoing discussion, the meeting developed the following
recommendation:

Recommendation 1/3 — Publication of the report of the
independent experts on the 2006 NO, review and the
establishment of medium and long term technology goals for
NO,

That the report of the independent experts be published by
ICAQO, in the English language only, as soon as possible.

1.8 REPORT OF WORKING GROUP 2
1.8.1 Introduction

1.8.1.1 The Co-Rapporteurs of WG2 presented the Group’s report on activities since CAEP/6.
The detailed work of the Group had been undertaken by four Task Groups as follows:

a) Task Group 1 (TG1): Land use planning and noise management;
b) Task Group 2 (TG2): Modelling and assessment;
¢) Task Group 3 (TG3): Operational measures; and
d) Task Group 4 (TG4): Airport air quality.
Ad hoc activity on Operation Benefits Outreach (OBO) had also been undertaken.
1.8.1.2 Many of WG2’s tasks were relevant to CAEP/2 work on noise as well as emissions. For

convenience, the work of TG2 and TG4 would be reported under this agenda item and the work of TG1
and TG3 would be reported under Agenda Item 3.

1.8.2 Task Group 2

1.8.2.1 Major tasks of TG2 have been in the areas of model evaluation and the databases
necessary for providing the information need to run the models. The group has also been studying the
issue of goal assessment. The group has also been investigating the suitability of the available models for
use in assessing interdependency (of noise and emissions alleviation activities) issues and has conducted a
preliminary review of a sample problem. All these issues had been addressed in more detailed working
papers.
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1.8.3 Task Group 4

1.8.3.1 The principal effort of this group had been the development of guidance information to
assist States in implementing the best global practices for improving air quality in the vicinity of airports.
This subject is also dealt with in more detail in a later part of the report on this agenda item.

1.8.4 Discussion

1.8.4.1 The meeting noted the report and also that more specific reports on the main items would
be dealt with in detail separately.

1.9 GUIDANCE MATERIAL ON AIRPORT AIR QUALITY
ASSESSMENT

1.9.1 Introduction

1.9.1.1 The WG2/TG4 Focal Point presented the Group’s report on its work of developing
airport air quality assessment guidance information to assist States in implementing best practices

1.9.2  Progress Report

1.9.2.1 The Task Group’s work programme utilized a two phase approach spanning CAEP/7 and
at least CAEP/S. For the first phase, TG4 was delivering (1) the framework for the entire guidance
document and (2) text for the following guidance document sections: Introduction, Regulatory
Frameworks and Drivers, Emissions Inventory, and Emissions Temporal and Spatial Distribution. For the
second phase up to CAEP/S, the original work plan envisaged delivering text for the remaining guidance
document sections: Dispersion Modelling, Airport Air Quality Measurements, Mitigation Options, and
Interrelationships.

1.9.2.2 The guidance was based upon a tiered approach that allowed users to draw upon
methodologies with increasing levels of accuracy (and broadly commensurate complexity) according to
their need and available data. The methodology tiers were ‘simple’, ‘advanced’ and ‘sophisticated’. In the
aircraft engine section of the inventory chapter, detailed guidance was provided for the ‘simple’ and
‘advanced’ approaches since they relied upon existing published information and were relatively
straightforward to implement. The ‘sophisticated’ method employed refined data and methods to more
accurately calculate aircraft emissions. An overview of the 'sophisticated' approach for aircraft engines
was contained in the material developed so far and detailed guidance was proposed to be produced in the
next CAEP round as it relied, in part, upon the production of data and methodologies that were either
under active consideration by WG3 or have yet to be addressed by them.

1.9.2.3 The guidance was fairly detailed and some sections were self-standing; others referenced
sources of information required to produce an inventory. There were a number of weblinks to
organisations holding relevant technical information. Whilst the majority of the inventory guidance
related to undertaking assessments of present day airport emissions, it also included some information
that would assist those seeking to conduct assessments of future emissions from an airport.
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1.9.3  Proposed future work

1.9.3.1 As discussed above, the second phase of the guidance was the key future work item. It
was proposed that future drafting work on the guidance should be prioritised as follows:

a) Target completion by CAEP/8: Aircraft source emissions inventorying, 'sophisticated'
approach, Dispersion modelling, and Airport Air Quality Measurement; and

b) Most likely after CAEP/8: Mitigation, and Interrelationships.

1.93.2 Future parts of the guidance material would be more complex than those developed to
date. This work would require the addition of further technical and scientific expertise to the group and
the expansion of work with external organisations. Completion of the next stages of the guidance would
be dependent upon States and observer organisation committing significant resources to the work.
Because of the scale and complexity of the future work, it was anticipated that some later chapters of the
guidance would not be finalised before CAEP/S.

1.933 A number of specific areas were identified where TG4 would need new inputs from other
CAEP sub-bodies, from States and other organization before it could complete the work.

1.9.4 Discussions and conclusions

1.9.4.1 The meeting noted with satisfaction the material that had been produced and agreed that
it should be published on the ICAO public website as an interim measure; when completed it could be
recommended that it be published as a formal ICAO document.

1.9.4.2 The Representative of WMO mentioned that his organization had done much work on
dispersion modelling which it would no doubt be pleased to pass to ICAO. It was agreed to take up this
offer. A member also noted that the future work would require additional expertise. He considered that
the requirements should be more specific and should be revisited as part of future work.

1.9.5 Recommendation

1.9.5.1 In light of the foregoing discussions, the meeting developed the following
recommendation:

Recommendation 1/4 — Guidance material on airport air quality

That the material developed so far as part of an Airport Air Quality Guidance
Manual be published on the ICAO public website as an interim measure.

1.10  THE IMPORTANCE OF LOCAL MICRO-CLIMATE
CONDITIONS IN LOCAL AIR QUALITY
1.10.1 Introduction
1.10.1.1 A member pointed out that experience had demonstrated that local weather conditions

played a fundamental role in pollutant dispersion at airports, especially those located at low latitudes. The
existence of favorable meteorological conditions in this respect could exempt airports from the need to
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make comprehensive and expensive inventories of air pollutants. CAEP was therefore invited to introduce
a set of minimum prevailing meteorological conditions for preparing an inventory.

1.10.2 Discussion and conclusions

1.10.2.1 Other members expressed support for this idea. However, it was pointed out that the
material developed by WG2 (see paragraph 1.9 above) was only guidance material and not regulatory in
nature. Airports would need to be treated on a case-by-case basis and meteorological data was one of
multiple factors to be taken into account when assessing LAQ. If States wished to establish their own
criteria for conducting an LAQ analysis, they were free to do so. However, it was not appropriate for
CAEP to establish meteorological criteria. The meeting consequently took no action on the proposal.

1.11  ADVANCED AIRCRAFT EMISSION CALCULATION
METHODOLOGY

1.11.1 Introduction

1.11.1.1 A member and an observer noted the first elements of the air quality guidance material
that had been developed to assist States and interested parties in assessing the air quality at and around
airports. It was understood that this guidance material would be a living document and that further
chapters would be developed. It was also expected that existing elements would be periodically revisited
to include the latest knowledge and expertise.

1.11.1.2 The emissions inventory in the version presented to the meeting provided only basic
(simple) guidance for some important emission sources. This limited the usefulness of the material and
support was offered to overcome this shortcoming. Many airports already considered more sources to a
smaller or larger degree and were already developing practices that supersede the current status of the
guidance material.

1.11.2 Aircraft engine emission calculations

1.11.2.1 The proposed material suggested a “simple method” with a look-up table of an invariable
emission mass for various aircraft types and emission species. It also described a “sophisticated method”
that involved various stakeholders and complex databases and procedures that would probably be beyond
the normal capabilities of individual airports, because they involved the use of non-public proprietary
information. Lying between these two, the currently suggested “advanced method” used the ICAO
certification LTO cycle (i.e. four modes) for individual aircraft-engine combinations, using, if available,
actual taxi times. It was noted, however, that the ICAO certification LTO cycle had not been developed
with the intention of creating emission inventories.

1.11.2.2 The departure and arrival phases of an actual operational flight cycle for a commercial
aircraft were more complex than the four modal phases typically used for ICAO certification purposes.
Actual cycles employed various aircraft engine thrust settings and times in mode settings. Factors that
affect those settings included, but were not limited to, aircraft type, airport and runway layout
characteristics, operational procedures and local meteorological conditions.

1.11.2.3 There was evidence that engine ignition and start-up phase contributed HC emissions in
the same order of magnitude as the whole ICAO Certification LTO cycle. This was very significant and
therefore should not be excluded from inventories.
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1.11.2.4 Moreover, in the proposed version of the “advanced method”, aircraft engine emissions
in the ICAO LTO cycle are calculated using, to a large degree, the ICAO Engine Emission Certification
data directly. The LTO times in mode and thrust in mode (thus fuel flow and emission indices) do not
reflect actual aircraft operation or performance. Studies have shown that this method can overestimate
aircraft NOx emissions by 20% to 30%.

1.11.2.5 The “advanced method” was only advanced in terms of aircraft/engine combination
determination, but still quite simple for the emission calculation. What was needed therefore was a truly
“advanced method” that took into account the aircraft performance but still at a level where airports or
individual assessors would be able to do the calculations.

1.11.3 Advanced aircraft emission calculation method

1.11.3.1 A truly advanced aircraft emission calculation method would need to take into account
the performance of aircraft operating at a specific location at the specific time. Such performance based
calculations should be based on data that is easily and publicly available. A prototype of an advanced
aircraft engine emission calculation method (ADAECAM) was being developed that relied on data and
information that is non-sensitive, non-proprietary and publicly available. Many airports had such data
available on a regular basis through other operational airport databases. Thus only a limited effort would
be necessary to obtain all the parameters needed to perform this advanced emission calculation at an
airport.

1.11.3.2 The methodology under development included the full LTO-cycle from engine start-up to
engine shut down within the LTO perimeter (below 3,000 ft) for a number of pollutants, including PM.
Within the performance module, the method used data that are aircraft related (take-off weight, based on
trip length), airport related (local meteorological conditions) and engine related (ICAO emission factors).
The methodology, validation and examples could be fully documented and presented to the proper CAEP
working groups. CAEP was therefore invited to note that an advanced aircraft emission calculation
method was under development and would be available for further use within the current and future
CAEP work.

1.11.4 Discussion and conclusions

1.11.4.1 The meeting noted the offer with interest. The Rapporteur of the Task Group agreed that
performance modelling was important, but had not been included so far because a consensus on the
subject had not been reached. The group would, however, be pleased to receive any input on this subject
that would be provided.

1.12 EMERGING ISSUES FROM THE PROJECT FOR
SUSTAINABLE DEVELOPMENT AT LONDON
HEATHROW AIRPORT

1.12.1 Introduction

1.12.1.1 A member informed the meeting of interesting lessons that were emerging from a project
underway in his State. He noted that the proposed guidance material highlighted a number of emerging
issues related to air quality around airports. It was suggested that the information available could help the
Task Group in its future development of the guidance material.
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1.12.2 Discussion

1.12.2.1 The meeting noted the information with interest and requested the Task Group to include
consideration of it in its future development of the guidance material. It was also agreed to request other
States to provide similar information where it was available, as it would not be advisable to develop
guidance on one case.

1.13  ENVIRONMENTAL GOALS ASSESSMENT
1.13.1 Introduction

1.13.1.1 The WG2/TG2 Focal Point introduced a report on this subject. It noted that, as far as
emissions were concerned, it was CAEP’s goal to limit or reduce the impact of aviation emissions on
local air quality and limit or reduce the impact of aviation greenhouse gas emissions on the global
climate. To assist in this task, at the October 2005 Steering Group Meeting, two members had agreed to
prepare a joint paper which would present a proposed methodology for measuring progress towards
meeting these goals. As a result of its experience with various environmental models, EUROCONTROL
was also asked to contribute. It had been noted that there was no accepted metric or modelling system for
reporting the impact on local air quality (LAQ) and of greenhouse gas (GHG) emissions from aircraft, as
there was for noise.

1.13.1.2 WG?2 had begun to explore various approaches to measuring impacts of LAQ and GHG
emissions. A proposal had been developed which had been presented and agreed to by the June 2006
Steering Group Meeting. More discussion was required and would probably persist into the CAEP/8
preparation cycle. Therefore, the LAQ and GHG environmental goals assessment for this meeting had
been restricted to quantifying aircraft emissions trends.

1.13.2 LAQ and GHG emissions

1.13.2.1 WG?2 had been requested at CAEP/6 to evaluate several specific models and databases
and the Working Group had added other models to the list. The evaluation of these models could not be
completed in time to support goals assessments at this meeting. As an interim measure, it had been agreed
at the 2006 Steering Group Meeting to use existing GHG models, offered under the model evaluation
process by CAEP Member States. This would provide the information required for assessment of progress
towards the emissions environmental goals. Consequently, results were being presented from four
models: AEDT/SAGE, AERO2k, AEM and FAST. In carrying out the modelling of emissions, the
aircraft replacement data used had been derived from a 2006 version of the WG3 In-Production database.
Consequently, projections of future technology developments had not been included in the assessment.
WG?2 had not been able to identify any simple means of taking technology advances into account in time
to conduct sensitivity assessments for CAEP/7. However, WG2 was aware that other work had been
carried out assuming improved fuel efficiency and emissions rates for future aircraft operations, achieved
through technology, operational or Air Traffic Management (ATM) improvements. In such cases,
equivalent fuel and emissions results based on similar fleet forecasts and timescales were generally lower
than those used in WG2’s assessment.

1.13.2.2 Since the GHG models computed emissions and fuel burn from aircraft operating gate-to-
gate, they effectively also provided LAQ data, in addition to data for the en-route portion of flight.
Consequently, for the purposes of this initial LAQ/GHG analysis, the results from the four models were
presented for the complete flight. As a result, there was no need to separately model the LAQ emissions
using a model such as AEDT/EDMS.



Report on Agenda Item 1 1-23

1.13.3 Discussion and conclusions

1.13.3.1 It was noted that the results produced showed trends, but did not indicate whether the
CAEP goals had been met, in part due to the lack of a methodology for calculating emissions and impacts
where necessary. This was acknowledged, but it was pointed out that this was the first attempt and a goals
assessment could not be accomplished yet. Some members also noted that the increases in fuel
consumption in the various regions did not appear to be credible — particularly fuel consumption in
Europe appeared to be increasing more quickly than in Asia, which seemed unlikely. It was also
suggested that the assessment would be more useful if the timescales were aligned with those used by
IPCC in its studies. Although a change in this respect might introduce discontinuities, the results would
be more valuable in the long term.

1.13.3.2 There was considerable discussion on how the information could be used. It was noted
that this information had been specifically requested by the 35th Session of the Assembly and that some
response to the next Session was therefore essential. If the information were to be made public, it would
need to have caveats attached, i.e. that it was a first attempt at an assessment; there was no agreed metric
for an emissions impact assessment; and technology and operational improvements had not been
incorporated. It could therefore only be considered as illustrating trends. Some members feared that, even
with these caveats attached, the information might be misinterpreted.

1.13.3.3 The meeting agreed that the Secretary would have to communicate the results of the
assessments to the Assembly but that the fact it was only a preliminary trend assessment and that there
were several other caveats attached should be made clear. After further discussion the meeting agreed to
endorse the work that had led to the preliminary trend information presented and, recognizing the
limitations of the data produced to date, endorsed the recommendations on potential improvements to the
methodology for CAEP/8 goals assessment.

1.14 STATUS REPORT ON MODEL EVALUATIONS
1.14.1 Introduction

1.14.1.1 The WG2/TG2 Focal Point introduced a report on work done to evaluate the models used
to investigate various aspects of noise and engine emissions as requested at CAEP/6.

1.14.1.2 Evaluation teams had been established in the areas of noise, local air quality, greenhouse
gases and economics. A framework had been developed to ensure consistency in the evaluation process
across all modelling areas. The report briefly described the evaluation framework, and presented the
current status of the evaluation.

1.14.1.3 A list of the models examined, and the States or Organizations providing them, is
contained in Appendix D to the report on this agenda item.

1.14.2 Evaluation Framework

1.14.2.1 Tables had been designed to present each model’s degree of readiness relative to
minimum CAEP modelling capabilities, namely: (1) anticipated CAEP/8 modelling requirements; (2)
common issues across tools in summary format; and (3) issues unique to a specific tool. A single
summary table compared model readiness in regard to each of the specific requirements. The degree of
model readiness in regard to each of the specific requirements was presented according to the following
qualitative definitions: (1) “does not appear to meet requirement; thus, tool change is needed”; (2)
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“appears to need adaptation to meet the requirement”; (3) “insufficient information to make a judgment”;
(4) “appears to meet requirement with minor or no change to the tool”; and (5) “not relevant to this type
of tool”.

1.14.2.2 A related, expanded set of the summary tables was also presented including detailed
supporting explanation for the degree of readiness assigned. A version of this table had been prepared for
each model submitted for evaluation.

1.14.2.3 A further set of tables presented a comparison of key elements of each model submitted,
with a specific focus on differences for each modelling area, i.e., differences in input databases and
methodologies. The intent of this table was to highlight differences in specific model capabilities. By
doing so, related strengths and weaknesses of one model versus another should be more apparent. This
approach might also help illustrate reasons for differences in model output.

1.14.3 Considerations for CAEP

1.14.3.1 It had been anticipated that the model evaluation process would not lead to the
identification of a single acceptable model in each of the areas. It was thought more likely that some
models would have particular strengths where others had weaknesses and vice versa. The goal of the
evaluation process had been to establish a presentation framework that would allow Working Groups to
identify for CAEP/7 models capable of answering a specific question identified for study under the
CAEP/8 Work Programme.

1.14.3.2 There would be instances where more than one model would be capable of addressing a
specific CAEP question. The Steering Group has already agreed that, in general, there were advantages in
pursuing the use of multiple models and that the most important issue was the correct assessment and
interpretation of the results.

1.14.4 Noise-specific CAEP consideration

1.14.4.1 It was recalled that the Steering Group meeting had already agreed that the DOC29-
compliant version of the Model for Assessing the Global Emissions of Noise from Transport Aircraft
(MAGENTA) should, in principle, be adopted as the CAEP noise assessment tool during CAEP/8 subject
to completion of the model evaluation task. The main factors supporting this position were that: (1) the
model was developed under CAEP guidance and supervision; (2) the model is currently the only one
submitted that provides the data coverage necessary for assessing noise exposure worldwide, and (3) the
tool currently has the funding support necessary to continue the development, update, and expansion of
both its software and data coverage, which are important for the ongoing support of the CAEP efforts.
Other noise models evaluated will nevertheless be vital in providing the supplementary checks that ensure
the correctness of the MAGENTA results provided to CAEP.

1.14.5 General Results of Model Evaluations
1.14.5.1 The following conclusions had been reached from the studies:

a) all candidate models in each area had been found to be potentially suitable for use in
one or more of the current and likely future policy issues developed by CAEP;

b) where models needed adaptation or major change to meet CAEP requirements, there
did not appear to be any reason why such adaptations and changes could not be
made, should the model submitters wish to do so;
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¢) in some cases, the suitability of individual models would depend on yet-to-be-defined
details of the CAEP requirement;

d) sensitivity tests had been proposed to understand differences between models; and

e) two types of sample problems had also been proposed to answer specific domain-
level questions, as well as a system-level sample problem across all areas that
included technology considerations.

In regard to these general conclusions, it was cautioned that the results presented should be considered
accurate at present. However, it was expected that the results of running further sample problems would
identify areas for possible improvement and that the model development would continue in most cases.
Model evaluations should also therefore continue, and the results presented could be expected to evolve
also.

1.14.6 Discussion and conclusions

1.14.6.1 The meeting endorsed the evaluations of the models that had been undertaken and noted
that the evaluations might be revised in the light of future information becoming available. It was
considered that no major changes to the models was likely, but small adjustments and refinements could
probably be incorporated before final decisions on the models to be used were made at the next Steering
Group Meeting. The picture would become clearer once the tasks to be performed by the models in
preparation for CAEP/8 had been determined, which should be done as soon as possible. It was cautioned,
however, that extra tasks could be added by the next session of the Assembly, and that the list of
assessments that would require modelling would need to be decided at the Steering Group meeting.

1.14.6.2 A member considered that the general view might be overly optimistic and it would be
helpful to identify specific areas requiring improvement. He also believed that, for example, health and
welfare aspects needed to be added to the models and was not sure of the time required to develop these
capabilities. He considered health and welfare considerations needed to be added for tradeoff studies,
even for technically driven changes; CAEP’s goals were impact-based and evaluation of impacts on
health and welfare were therefore necessary. Other members did not agree about adding health and
welfare considerations. These might be relevant in some cases, but not all; in any case they appeared
implicit in the case of noise contour based evaluations. It was also suggested that health and welfare
concerns had already been included by States in their national guidelines. It was also considered that
health and welfare were subjective issues and there was concern about relying too much on such an
approach. However, a member noted that a common currency for impacts was necessary for considering
trade-offs, even if this was difficult.

1.14.6.3 The meeting also endorsed the need to carry out sensitivity tests to improve
understanding of the differences between the models. It was also agreed that, subject to completion of the
model evaluation, the ECAC Doc 29-compliant version of MAGENTA would be the primary model for
conducting noise analyses for CAEP/8.

1.14.6.4 It was generally agreed that the evaluations needed to be rigorous for all the models,
since the results would no doubt be sensitive to rigour and accuracy. It was stressed, however, that the
evaluation process did not amount to a formal vetting of the models.
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1.15 SAMPLE MODELLING PROBLEM
1.15.1 Introduction

1.15.1.1 The WG2/TG2 Focal Point introduced a report on a sample problem exercise undertaken
to investigate tradeoffs between noise and emissions using existing models. It was noted that, with model
evaluations progressing, and substantial progress being made towards developing common databases, the
foundation had been established within CAEP for a modelling system which would be capable of
evaluating interdependencies between noise, emissions and economics in time for CAEP/8 analyses.

1.15.1.2 It was expected that the trade-off capabilities of a system would only be fully revealed by
applying a common set of equivalent inputs to the proposed modelling systems and addressing a specific
problem. This process might identify required improvements in a modelling system’s core modules and
databases, improvements in the framework that integrates the modelling system (e.g., common
assumptions), improvements in the input assumptions which describe the problem/policy, challenges in
incorporating the databases in a consistent manner, and the future challenge in establishing a “common
currency”’ for the evaluation of the output given in varying noise/emissions metrics. Depending on
specific sample problem results and additional development of trade-off capability required for the
CAEP/8 work programme, there could be a wide range of additional resources necessary. To this end, the
case of reduced thrust had been agreed upon as a suitable sample problem.

1.15.1.3 This report indicated the participating models and organizations and summarized the
lessons learned in conducting the sample problem, with specific focus on trade-off modelling in
preparation for the CAEP/8 Work Programme. It did not present specific results but identified differences
in the trade-off capabilities of the participating models.

1.15.2 Trade-Off Modelling Capabilities and Lessons Learned

1.15.2.1 For noise the participating organizations (and models) were: Anotec Consulting
(Sondeo); UKCAA (ANCON); and USFAA (AEDT/MAGENTA).

1.15.2.2 For emissions calculations, the participating organizations (and models) were: Cambridge
Environmental Research Consultants (ADMS); EUROCONTROL (ALAQS); Janicke Consulting
(LASPORT); and USFAA (AEDT/SAGE). Due to time pressures, and to ensure consistency, the AEDT
performance module was used to compute a set of full power and 10% reduced thrust profiles to be used
by all modellers participating in the sample problem. Due to time and modelling constraints with all
models, no attempt was made to represent actual operational levels of reduced thrust. Unlike with noise,
the study did not consider emissions impact assessment beyond emissions inventory. Future work was
expected to consider suitable metrics for assessing emissions impacts.

1.15.2.3 The results of the study were presented in an example format. Because of the sample
problem definition (a fixed 10% reduced thrust) and issues with the input data the results did not represent
the actual comparative tradeoffs of reduced thrust takeoff that would be seen in operational service. The
presentation was an initial attempt at visualizing the trade-offs associated with fuel burn, NOx and noise
in a single chart.

1.15.3 Discussion and conclusions
1.15.3.1 The meeting noted the results of the exercise with interest and endorsed the lessons

learned. It was noted that data from one of the models had been used as input for other models and it was
thought that, to some extent this invalidated the independency of the exercise. This was accepted and it
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was agreed that for future use, all models would need to be capable of performing the complete analysis
task.

1.15.3.2 The meeting endorsed the need for the CAEP/8 work programme to address the matter of
emissions impact modelling including the development of suitable metrics.

1.15.3.3 The meeting noted the format in which the results of the study had been illustrated and
also noted that all members and observers were invited to provide comments as input for developing a
framework for presenting modelling results.

1.15.3.4 The meeting agreed that TG2 should perform more such sample problems as part of the
model evaluation process. The Focal Point indicated that TG2 considered the sample problems, sensitivity
analyses and verification and validation, including comparison to “gold Standard” data where available,
as constituting a full vetting process. It was again stressed that this was not a model vetting procedure as
generally understood. It was noted that CAEP was still examining the models to identify their strengths
and weaknesses prior to possibly agreeing them in the future at a Steering Group meeting.

1.16 HARMONIZED GLOBAL AIRCRAFT MOVEMENTS
AND AIRPORTS DATABASE

1.16.1 Introduction

1.16.1.1 The WG2/TG2 Focal Point introduced a report on the harmonization of aircraft
movements databases and airports databases.

1.16.1.2 CAEP analyses such as those performed with the Model for Assessing Global Emissions
of Noise from Transport Aircraft (MAGENTA), or the analyses used to develop the CAEP/6 NOx
stringency assessment used different movements databases to develop the baseline fleet to which the
FESG forecast was applied.

1.16.1.3 It was recognized that different modelling assumptions would probably result in
discrepancies in the assessment of trade-offs in future work. TG2 consequently established a subgroup
whose mandate was to make recommendations for improvements to the modelling assumptions that
would be used in the planned future analysis of tradeoffs. One of the first actions of this group had been
the harmonization of a global movements database. The subgroup’s activity was subsequently expanded
to include a harmonized global airports database.

1.16.1.4 United States FAA/Volpe and EUROCONTROL had already developed global
movements databases, but because of different development strategies and objectives, early comparisons
of numbers of operations did not show good correlation. These organizations had therefore agreed to
pursue a harmonization programme of the two databases.

1.16.1.5 In both databases, radar data for North America (ETMS) and Europe (ETFMS) was used
to define a large proportion of global civil flight operations (approximately 75-80%). For the rest of the
world, timetable data from the International Official Airline Guide (IOAG) was currently used. However,
it was known that this approach missed a significant number of unscheduled flights around world.
Following earlier attempts to obtain radar data from regions of the world other than North America and
Europe, selected ICAO States had been requested to supply additional radar data where there were
considered to be significant gaps in world traffic data.
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1.16.2 Global Aircraft Movements Database Harmonization

1.16.2.1 A set of ground rules had been established to help facilitate the harmonization. It was
agreed that the focus would be on commercial aviation, excluding flights categorized as general aviation
or military. In cases where both radar and schedule-based data existed for a given flight, it had been
decided that radar-based data would take precedence.

1.16.2.2 Since ETMS and ETFMS coverage overlapped geographically, a methodology needed to
be developed to merge trajectories from the two radar-based datasets. EUROCONTROL had developed a
methodology for this merging which was being studied by FAA/Volpe. Comparative work between the
two databases was well advanced and a harmonized movements database was expected to be completed
early in the CAEP/8 work programme.

1.16.2.3 A final area which required further investigation and possible harmonization was
trajectory development for IOAG-based movements and work was continuing in this area.

1.16.2.4 One of the challenges in using radar data was that sometimes the data were incomplete,
particularly for the initial departure phases (push back, taxiing, takeoff, climb out) where the availability
of data was often dependent on when the transponder was switched on. This meant that it was often
necessary to complete the trajectory for these initial phases. Work on comparing the approaches taken by
FAA/Volpe and EUROCONTROL to this problem had not yet started.

1.16.2.5 It was suggested that the WG2/FESG Common Movements database be used as the
baseline for conducting the updated FESG forecast. This would ensure consistency between WG2 and
FESG.

1.16.3 Collection of Radar Data

1.16.3.1 Analysis so far of additional data received in response to ICAO’s request had indicated
that, in most cases, further coordination with the States involved would be necessary in order to ensure
the future provision of appropriate data. This was expected to take place during the early phases of the
CAEP/8 work programme. Review of data had also shown, however, that when appropriate detailed flight
information from radar sources could be provided, a significant number of flights were sometimes added
and additional flight details about flight trajectories could improve the precision within the database.

1.16.4 Global Airports Database

1.16.4.1 To date, the global airports database had been assembled by merging the U.S. databases
with similar databases maintained by EUROCONTROL’s Experimental Centre.

1.16.4.2 The current version of the airports database included the following elements: latitude,
longitude, name, city, country and time zone. The database also provided linkages between ICAO, IATA
and ETMS airport codes, which were critical for interpreting data from sources around the world. Another
key element of the database was that it described the country and ICAO region relationship, which would
facilitate the reporting of model results by ICAO region in support of the CAEP/8 work programme.

1.16.4.3 The database currently held details of approximately 31,000 airports and was essentially
complete, although some additional enhancements may be required as a result of the development of the
movements database. It was also expected that some annual maintenance of this database would be
required.
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1.16.5 Discussion and conclusions

1.16.5.1 The meeting endorsed the progress that had been made in creating the harmonized
databases. One observer expressed concern, however, that merging radar-based data and timetable-based
data might skew the results and a sensitivity study on this point might be needed. In response it was
pointed out that IOAG-based data alone would also be skewed because, for example, it did not reflect the
very heavy summer charter traffic in Europe. Nevertheless, some sensitivity studies were already in
progress. It was questioned whether the anticipated date for completion of this work, i.e. late 2007/early
2008 would fit with FESG’s work schedule for developing the updated forecast. In response it was
predicted that the airport database would be ready and the timetable-based part of the movements data,
which is all that is needed by FESG to prepare the updated forecast, would also be ready but the
comprehensive trajectory information might not be ready until early 2008.

1.16.5.2 The meeting encouraged States not covered by ETMS/ETFMS to submit radar data if
they had not done so already.

1.16.5.3 A member understood that an issue of data confidentiality existed which was hampering
the efforts of modellers and enquired whether any progress had been made in resolving the matter.
Another member responded that the problem had regrettably resisted all efforts at resolution for several
years.

1.17 CAEP POLICY MODELLING IN EUROPE
1.17.1 Introduction

1.17.1.1 On behalf of a number of members and an observer, a member presented a paper
outlining modelling being carried out in Europe which supported CAEP’s work.

1.17.1.2 Candidate models had been submitted by a number of European States and other
European bodies for evaluation and use within the CAEP process. These included SONDEO and ANCON
for modelling noise, AEM, AERO2k, AERO-MS and FAST for modelling greenhouse gas emissions and
ADMS, ALAQS and LASPORT for Local Air Quality Modelling. The AERO-MS model had also been
previously evaluated and used within FESG for assessment of economic policy options. Additionally,
other models were becoming available or were undergoing development within European States and these
might also be submitted for evaluation and use within CAEP at a later date.

1.17.1.3 Individual States, the EC and other bodies within Europe had funded the development of
these models. This support would continue and would facilitate future developments appropriate for
modeling the effects of aviation activity and development to inform CAEP policy decisions.

1.17.2 Next steps

1.17.2.1 The participating European organisations would develop these plans further and present
them to CAEP. These plans would not conflict with the work carried out to date by WG2. The developed
models will complement the AEDT/APMT/EDS modelling capability offered by the US. Together, these
modelling approaches would provide CAEP with necessary insights into policy decision making which
have not previously been available.

1.17.2.2 To support this initiative, it was also important that, common databases were developed
and made available to all CAEP modellers. Key amongst these was the Common Operations Database,
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the Campbell-Hill database (or equivalent) and global access to the MAGENTA airport data. Moreover,
any common databases supplied needed transparency where assumptions have been made, or where data
are incorporated (e.g. FESG forecasts).

1.17.2.3 It is also considered to be fundamental that the CAEP approach to modelling remained
flexible and non-prescriptive, whenever practicable, thereby permitting the various approaches used in the
European and US models to be used.

1.17.3 Discussion and conclusions

1.17.3.1 A member agreed that it was useful to have other models available and welcomed the
modular approach envisaged. However, it was regrettable that there was a lack of access and transparency
with many of the models. It was suggested that the level of transparency used in developing US/Canadian
models should be the norm for all models. The member presenting the paper responded that the comments
were appreciated but since the models were the property of individual States or organizations, no
collective response to the criticisms could be given.

1.17.3.2 The meeting noted the information provided and agreed the benefits of having alternative
models. It agreed on the need for common databases and confirmed the requirement to provide CAEP
modelling capability based on flexible approaches for modelling future policy options. It also encouraged
transparency and collaboration in model development.

1.18  CAEP INTERDEPENDENCIES FRAMEWORK AND
COORDINATION

1.18.1 Introduction

1.18.1.1 The Rapporteurs of all three working groups and FESG presented a joint report on
interdependencies between the various elements of CAEP/s work. It was recalled that CAEP/6 had
acknowledged the importance of taking an integrated approach to aviation environmental issues, where
appropriate. It had agreed that the working groups should follow progress on the development of new
tools and metrics for addressing interdependencies, and that a paper should be prepared for CAEP/7
reviewing developments on how to address the trade-offs between the environmental problems and their
solutions. It was also recognised that the comparison of trade-offs between various environmental impacts
(e.g. noise/emissions) would require a more complex analysis system than that used for previous CAEP
work.

1.18.1.2 In pursuing this task the working groups had spent time reviewing the historical body of
previous CAEP analysis and identifying the inter-group coordination and liaison required. After this
review and discussion, the work had been divided into two parts: a) identification of the sub-systems and
components required to meet CAEP’s analysis needs; and b) identification of software or procedures that
could “assemble” these sub-systems in a way that would allow for the assessment of trade-offs.

1.18.2 Sub-Systems And Components
1.18.2.1 Sub-system analysis tasks were identified as local air quality, greenhouse gas emissions,

noise, and economics. Candidate models that could be used by CAEP in its modelling efforts in these
areas had been evaluated as reported in paragraph 1.14 of the report on this agenda item.
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1.18.2.2 Components which supported specific analysis tasks were identified as (a) the application
of the FESG forecast, (b) WG1-WG3 technology interdependency rules, (c) fuel flow estimation and fuel-
flow-based methods for calculating Els, based on the ICAO Engine Emissions Databank and (d) the
application of the Aircraft Noise and Performance database in a computational module that is compliant
with ECAC Doc. 29.

1.18.2.3 The application of the FESG forecast had also led to the recognition of the need for a
CAEP Analysis Commonality task which would ensure that modelling factors (e.g. inputs, rules,
assumptions) would be consistent. This was essential to ensure consistency between environmental
benefit models when considering trade-offs, and also between benefit and cost models. Relevant work on
databases is reported in paragraph 1.16 of the report on this agenda item.

1.18.3 Assembly of Sub-systems

1.18.3.1 WG?2 had demonstrated a basic modelling capability and the results of its application to a
sample problem are presented in paragraph 1.15 of the report on this agenda item.

1.18.3.2 Further iterative work was expected to develop the capacity to assess the trade-offs in an
integrated way. These verification studies (e.g. additional sample problems, model comparative studies
and model sensitivity tests) would be used to identify modelling “gaps” and demonstrate system
capability as models moved towards a common set of inputs, rules and assumptions.

1.18.4 Discussion and Conclusions

1.18.4.1 The meeting endorsed the work done so far on this subject. However, it considered that
the recommendations for future activities might involve a change of CAEP’s structure and it therefore
agreed to return to them during its discussions on future work (Agenda Item 4).

1.19  NOISE-EMISSIONS TECHNOLOGY
INTERDEPENDENCIES GROUP: PROGRESS REPORT

1.19.1 Introduction

1.19.1.1 The Rapporteurs of WG1 and WG3 reported on the work of the WG1-WG3 ad-hoc group
set up in February 2005 to consider how technology assessments had been performed during previous
noise and emissions stringency increases, as well as future steps and processes for analyzing technology
interdependencies. A report from this ad-hoc group had been approved by both Working Groups, and the
Steering Group, which subsequently created the WG1-WG3 Technology Interdependencies Group (TIG)
under the responsibility of both WG1 and WG3 Rapporteurs. The role of the TIG was to coordinate the
work, the detail of which was carried out by WG1/TTG and WG3/CTG, and to provide input into the SG
which had been approved by both WG1 and WG3.

1.19.2 Linking of ICAO Noise and Emissions Certification
Databases

1.19.2.1 The TIG had created a linking group, consisting of both WG1 and WG3 members, to
perform this task. The group had initially created two “master lists” of unique engine type designations
from NoisedB (March 2005) and the Engine Emissions Databank (Issue 14 — 1* June 2005). This review
had proved useful in identifying missing datasheets from the Emissions Databank and corrections to
engine designations in NoisedB. Engine type matches had been made and the linking group expected to
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use these matches to create the final linking database between the ICAO certification databases once
NoisedB had been formally approved. An aeroplane maximum take off mass (MTOM) only affected its
noise certification characteristics since emissions certification was performed at the engine level.
Therefore the same engine type on different aeroplane mass variants would have different noise
certification levels while the emissions levels would stay the same. The working groups had agreed that
this did not reflect real life, and a statement on the use and limitations of the linking database had
therefore been prepared to address these concerns.

1.19.3 Technological Responses to a Stringency Option

1.19.3.1 This issue had been recognised as a significant challenge facing both WGI1 and WG3.
Historically, noise and emissions had been considered separately and had used different assessment
techniques. One possible tool for modelling technology response, which was currently in development,
was the FAA Environmental Design Space (EDS). Changes in engine cycle parameters (e.g. Overall
Pressure Ratio and Fan Pressure Ratio) affected the trade-off between factors such as NOx and fuel burn.
Similarly, the infusion of current technology (e.g. chevron nozzle, new materials) could be assessed in
terms of its impact on engine cycle, which in turn could be translated into noise, emissions and
performance metrics. An expert-driven process was also being developed to extend the tool’s capability to
enable forecasting of the effects of introducing future technology.

1.19.3.2 In addition to the current research projects within the United States, the European
industry had offered the Technology Evaluator process as a further means of evaluating technology
response to stringency options. Evaluator currently only considered noise and CO, for technologies at
Technology Readiness Levels (TRL) between 3 and 6 but could be extended to TRL 8 and include a
NOx emissions element.

1.19.3.3 The TIG agreed that there was a need to keep in mind what policy options CAEP may
ask WGI and WG3 to assess during CAEP/8, and with what assumptions, in order to steer the
development of models. It had also encouraged the continued development of the EDS and Technology
Evaluator tools, and had left the door open for other models. Finally, the TIG had acknowledged the
deadline provided by WG2 for identifying the form of the technology inputs for CAEP/8 policy
assessment as the end of 2007.

1.19.4 Review of the Campbell-Hill (C-H) Database

1.19.4.1 Following a request from WG2, WGI1 and WG3 had reviewed the new and modified
entries in an updated version of the C-H Database (end of year 2004). The C-H Database identified, on an
aircraft registration-specific basis, the commercial aircraft (passenger and cargo/freight) in the existing
fleet worldwide. IATA had provided the C-H Database to CAEP since CAEP/5. The UK CAA, US FAA,
Schiphol Airport and Delta Air Lines had provided feedback as part of the review of the noise
certification levels contained in the new C-H Database. This information suggested that there were
discrepancies and, it had been agreed that the identified differences would be corrected by C-H.

1.19.4.2 Some concerns had been expressed, from both a noise and emissions perspective,
regarding the engine designations, certificated masses and associated noise certification levels in C-H. It
had been agreed that if the C-H Database were to be used for future CAEP environmental goals and
stringency assessments, there would be a need for the completion of the emissions review and a better
understanding of the modeling sensitivities to the process and assumptions used in collating the C-H data.
At the Steering Group Meeting in June 2006, it had been agreed to progress this immediately in order to
determine whether any changes are needed, and for any identified improvements to be ready for CAEP/S.
This work had now been commenced with the assistance of IATA, which was developing a common



Report on Agenda Item 1 1-33

format airline survey to elicit responses from its members. Furthermore, C-H was now collaborating with
engine manufacturers to create a comprehensive list of engine types and emissions/noise options, and
would incorporate those data in the appropriate spreadsheet fields to be provided to operators. Operators
would be asked to confirm or correct engine designations and combustor options for each aircraft in their
fleets, and appropriate UIDs would then be entered.

1.19.4.3 The final product needed for CAEP/8 work was a database that reflected the global fleet
at the end of 2006, which would be synchronous with an updated FESG fleet forecast. As operators’ 2006
fleet plans were already set, it had been agreed to perform a single survey, based on the C-H Database
(year end 2004) where operators would be asked the following:

e Whether the aircraft shown in the year-end 2004 database were still in their fleet, and
to identify deletions.

e For aircraft still in the fleet, to confirm/correct the information outlined above.

¢ To identify additional aircraft added to their fleet since 1 January 2005, and for those
additions, to provide the information outlined above.

e Whether the operator planned other deletions or additions in the remainder of 2006,
and to identify upcoming deletions and additions.

The target date for completion of reviews was 30 March 2007. This would allow results to be presented at
Spring 2007 working group meetings.

1.19.5 Discussion and Conclusions

1.19.5.1 The meeting noted the work done so far on this subject. A Member commented that work
on the US/FAA EDS is ongoing and had included international participation, but emphasised that it
would be helpful to have similar information on, and participation in, the technology evaluator. The
meeting considered that future activities would be dependent on any decisions it might take on the general
subject of interdependencies within CAEP (see 1.18 of the report on this agenda item). It therefore
deferred further consideration of this matter until its discussion of future work under Agenda Item 4.

1.19.5.2 An Observer proposed that IATA should participate in the TIG.

1.20 INDUSTRY RESPONSE TO STRINGENCY STANDARDS
AND REVIEW OF PREVIOUS MODELLING
ASSUMPTIONS

1.20.1.1 The FESG had conducted a detailed review of assumptions used in models to assess the
economic impact of previous noise and NOx stringency standards, and the industry response to those
standards.

1.20.1.2 The review had shown the progress made by manufacturers in bringing in-production
engines that did not meet the CAEP/5 noise and CAEP/6 NOx standards into compliance with that
standard. Because sufficient time had not elapsed since the adoption of the CAEP/5 noise and the CAEP/6
NOx standards for complete responses to be observed, a full evaluation of the industry response to these
standards had not been possible. However some initial findings of industry responses had been reported.
Key modelling methods and assumptions used for economic analysis of noise and NOx stringency had
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been reviewed, and recommendations for their future had been made. The review found the key
modelling methods and assumptions discussed are appropriate for the economic analysis of NOx and
noise stringency, either individually or in combination.

1.20.2 Discussion and Conclusions

1.20.2.1 One member requested clarifications regarding the level of confidence placed on the cost
estimates provided by the manufacturers for the development of economic analyses and whether they had
gone through any validation process. He also enquired about the evidence for using a 2% fuel burn
penalty for past analyses and how this estimate will be updated. He also requested clarification on the
timing and the manner in which industry responses to CAEP/5 noise and CAEP/6 NOx standards would
be monitored.

1.20.2.2 In response and in relation to the confidence placed on the cost estimates and their
validation, it was mentioned that the manufacturers’ data is proprietary and that the private sector is
bound by competitive and legal issues which prevent it from sharing cost data. New models using public
data were being developed and they may offer a solution to this limitation. As for the 2% fuel burn
penalty estimate, it corresponded to the initial commercialization of the dual annular combustor in a lower
thrust high by-pass ratio engine as a surrogate for unproven technology. Recalling the WG3 Long-Term
Technology Goals presentation, a fuel burn penalty could apply to future staged combustors. FESG will
work with WG3 to update the estimate should the need arise in any future stringency analysis. The
reporting on the monitoring of industry responses to CAEP/5 noise and CAEP/6 NOx standards would be
provided during future Steering Group meetings and also at CAEP/S.

1.20.2.3 Another member enquired about whether the impact of airport and airspace capacity
constraints on airline revenues has been taken into consideration in economic analyses. In response, it was
noted that, in past economic analyses of stringencies, the focus had been on direct costs and benefits of
the stringency option. Nevertheless, capacity constraints may be significant in economic analyses. For
future analyses, the assumption of unconstrained airspace and airport capacity should be maintained for
the core analysis and a sensitivity analysis should be undertaken to take into consideration the effects of
capacity constraints.

1.20.2.4 The meeting agreed that FESG should develop, in cooperation with Working Group 2,
appropriate sensitivity tests to assess the impact of air traffic system and airport congestion and delay on
the economic analyses of noise and emissions stringencies.

1.20.2.5 A member suggested that, for the future development of economic analysis of noise and
NOx stringency options, more representative performance-based values should be used instead of ICAO
times in mode since it had been proven that using the latter had led to an over-estimate of the total NOx
emitted by about 20 per cent. In response, it was noted that for economic assessment of policy options,
the key principle is to develop appropriate modelling methods and assumptions to isolate the effect of the
policy variable, and to exclude the effect of all other variables that may further influence the result. The
meeting was reminded that uncertainty in estimating future performance-based values could introduce a
variation that could influence the modelling results. ICAO stringency was based on an invariable
standard time in mode and thrust level schema for certification purposes and following this method in the
economic analysis isolated the effect of the stringency option.

1.20.2.6 It was agreed that the CAEP should produce for the first Steering Group meeting a
parallel sensitivity analysis using performance values along with the ICAO times in mode.
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1.20.2.7 A member suggested that FESG should take advantage of progress made in the field of
monetization of benefits in parallel to using cost-effectiveness analysis. One member expressed his
doubts on the ability to attach a value or a price to benefits or impacts. While he recognized that this
approach may be feasible at a national level, its extension to the regional and global levels would not be a
simple task. Another member suggested that it would improve the ability to evaluate trades between
various environmental impacts without considering monetization and that this could be done using ranges
instead of point estimates in the monetization. Another member suggested that for the monetization
results to be credible, there was a need for some sort of scientific evidence (of the damage impact) which
could be translated into a benefit which could then be monetized.

1.20.2.8 The meeting recommended that FESG should carry out a “sample problem™ approach for
cost-benefit analysis for assessment of stringency options using ranges of estimates of monetized values.
This should assist in understanding the challenges involved. In the meantime, cost-effectiveness analysis
should be used for conducting economic analyses of stringency options.

1.20.2.9 After discussion, the meeting accepted the recommendations for future analyses based on
the findings of the report on the industry response to previous stringency measures after taking the results
of this discussion into consideration. It was noted, however, that assumptions would be open to future
review based on the results of future sample problems and model assessments.
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APPENDIX A
PROPOSED AMENDMENT TO
INTERNATIONAL STANDARDS AND RECOMMENDED PRACTICES
ENVIRONMENTAL PROTECTION

ANNEX 16
TO THE CONVENTION ON INTERNATIONAL CIVIL AVIATION

VOLUME II
AIRCRAFT ENGINE EMISSIONS

1. The text of the amendment is arranged to show deleted text with a line through it and new text
highlighted with grey shading, as shown below:

1. Fextto-bedeletedisshownwithatine throvghit text to be deleted

2. New text to be inserted is highlighted with grey shading. new text to be inserted

3. Fextto-be-deletedisshownwith-ntinethrowsh-it followed new text to replace existing text
by the replacement text which is highlighted with grey

shading.
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TEXT OF PROPOSED AMENDMENT TO THE

INTERNATIONAL STANDARDS
AND RECOMMENDED PRACTICES

ENVIRONMENTAL PROTECTION

ANNEX 16
TO THE CONVENTION ON INTERNATIONAL CIVIL AVIATION

VOLUME 11
AIRCRAFT ENGINE EMISSIONS

PART I. DEFINITIONS AND SYMBOLS

CHAPTER 1. DEFINITIONS

Rated-output thrust. For engine emissions purposes, the maximum pewer/thrast-available-for-take-off

take-off thrust approved by the certificating authority for use under normal operating conditions at ISA

sea level static conditions, and without the use of water injection—as—approved—by—the—certificating

autherity. Thrust is expressed in kilonewtons.

Take-off phase. The operating phase defined by the time during which the engine is operated at the

rated-eutput thrust.

CHAPTER 2. SYMBOLS

F,, Rated eutput{see-definitiony thrust

F*,,  Rated eutput-thrust with afterburning applied
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PART III. EMISSIONS CERTIFICATION

CHAPTER 1. ADMINISTRATION

1.3 The document attesting emissions certification for each individual engine shall include at least
the following information which is applicable to the engine type:

d) rated-eutput thrust;

CHAPTER 2. TURBO-JET AND TURBOFAN ENGINES INTENDED FOR
PROPULSION ONLY AT SUBSONIC SPEEDS

2.1.4.2 Thrust settings

The engine shall be tested at sufficient pewer-thrust settings to define the gaseous and smoke emissions of
the engine so that mass emission rates and Smoke Numbers eerrected-to-thereference-ambient-conditions
can be determined at the following specific percentages of rated eutput—thrust as agreed by the
certificating authority:

LTO Operating mode Thrust setting
Take-off 100 per cent F,,
Climb 85 per cent F,,
Approach 30 per cent F,,
Taxi/ground idle 7 per cent F,,

2.1.4.4  Fuel specifications

The fuel used during tests shall meet the specifications of Appendix 4, unless a deviation and any
necessary corrections have been agreed by the certificating authority. Additives used for the purpose of
smoke suppression (such as organo-metallic compounds) shall not be present.

2146253 When test conditions differ from the reference atmospheric conditions in 2-44-2.1.4.1 the
gaseous emission test results shall be corrected to the reference atmospheric conditions by the methods
given in Appendix 3.
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2.2.2 Regulatory Smoke Number
The Smoke Number at any of the four LTO Operating Modes thrust setting when measured and computed
in accordance with the procedures of Appendix 2 and converted to a characteristic level by the procedures
of Appendix 6 shall not exceed the level determined from the following formula:
Regulatory Smoke Number = 83.6 (F(,,,)"O'274

or a value of 50,
whichever is lower

2.3 Gaseous emissions
2.3.1 Applicability
The provisions of 2.3.2 shall apply to engines whose rated eutputthrust is greater than 26.7 kN and whose
date of manufacture is on or after 1 January 1986 and as further specified for oxides of nitrogen.
2.3.2 Regulatory levels
Gaseous emission levels when measured and computed in accordance with the procedures of Appendix 3

and converted to characteristic levels by the procedures of Appendix 6 shall not exceed the regulatory
levels determined from the following formulas:

d) for engines of a type or model for which the date of manufacture of the first individual production
model was after 31 December 2007:

3) for engines with a pressure ratio of 82.6 or more:

D, IF,y =32 + (1.6 * Ty)

2.4.1 General information

The following information shall be provided for each engine type for which emissions certification is
sought:

a) engine identification;

b) rated eutputthrust (in kilonewtons);
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2.4.3 Derived information

2.4.3.2  The characteristic Smoke Number and gaseous pollutant emission levels shall be provided for
each engine type for which emissions certification is sought.

b)

9)

d)

222

APPENDIX 2. SMOKE EMISSION EVALUATION

2. MEASUREMENT OF SMOKE EMISSIONS

2.1 Sampling probe for smoke emissions

The probe material with which the exhaust emission sample is in contact shall be made—ef

stainless steel or any other non-reactive material. H-a—mixineprobe-isused—al-samplingorifices
shall- be-ofequal-diameter-

If a probe with multiple sampling orifices is used, all sampling orifices shall be of equal diameter.
The probe design shall be such that at least 80 per cent of the pressure drop through the probe
assembly is taken at the orifices.

The number of sampling-erifices-locations sampled shall not be less than 12.

The sampling plane shall be as close to the engine exhaust nozzle exit plane as permitted by
considerations of engine performance but in any case shall be within 0.5 nozzle diameters of the
exit plane.

The applicant shall provide evidence to the certificating authority, by means of detailed traverses,

that the proposed probe design and position does provide a representative sample for each
prescribed pewer-thrust setting.

2.2 Sampling line for
smoke emissions

Sampling lines shall be as “straight through” as possible. Any necessary bends shall have radii

which are greater than 10 times the inside diameter of the lines. The material of the lines shall be such as
to discourage build up of particulate matter or static electricity.
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Note.— Stainless steeli—eepper or carbon loaded grounded polytetrafluoroethylene (PTFE) meet these
requirements.

f)

7

2.3 Smoke analysis system

temperature control: the ineoming-analyser internal sample line through to the filter holder shall
be maintained at a temperature between 60°C and 175°C with a stability of +15°C;

Note.— The objective is to prevent water condensation prior to reaching the filter holder and
within it.

reflectometer: the measurements of the reflectance of the filter material shall be by an instrument
conforming to the American—National—Standards—Iastitate—(ANSH—International Standards
Organization, Standard No. PH2ZAFH977-ISO 5.4 for diffaser—diffuse reflection density. The
diameter of the reflectometer light beam on the filter paper shall not exceed D/2 nor be less than
D/10 where D is the diameter of filter stained spot as defined in Figure 2-1.

Replace Figure 2-1. Smoke analysis system as follows:
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Figure 2-1. Smoke analysis system
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2.5 Smoke measurement procedures

2.5.1 Engine operation

2.5.1.2 The tests shall be made at the pewerthrust settings approved by the certificating authority.
The engine shall be stabilized at each setting.

2.5.2 Leakage and cleanliness checks

a) leakage check: isolate probe and close off end of sample line, perform leakage test as specified in
2.3 g¢3-h) with the exceptions that valve A is opened and set to “bypass”, valve D is closed and
that the leakage limit is 2 L. Restore probe and line interconnection;

2.5.3 Smoke measurement

b) set valve A to “bypass”, close valve D and clamp clean filter into holder. Continue to draw
exhaust sample in the bypass setting for at least five minutes while the engine is at or near to the

requisite—operating-meode required operating condition, valve C being set to give a flow rate of
14 £0.5 L/min;

APPENDIX 3. INSTRUMENTATION AND MEASUREMENT TECHNIQUES
FOR GASEOUS EMISSIONS

3. DATA REQUIRED

3.1 Gaseous emissions
Concentrations of the following emissions shall be determined:

a) Hydrocarbons (HC): a combined estimate of all hydro-carbon compounds present in the exhaust
gas.

b) Carbon monoxide (CO).
¢) Carbon dioxide (COy,).

Note.— CO, is not constdered—a—potlutant—a regulated engine emission but its concentration is
required for calculation and check purposes.
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b)

c)

5. DESCRIPTION OF
COMPONENT PARTS

5.1 Sampling system

5.1.1 Sampling probe

The probe material with which the exhaust emission sample is in contact shall be made—of
stainless steel—H-a ing—probe-is-used—all-sampling erificesshall be-of-equal-diameter or any
other non-reactive metal;

the—if a probe with multiple sample orifices is used, all sampling orifices shall be of equal
diameter. The probe design shall be such that at least 80 per cent of the pressure drop through the
probe assembly is taken at the orifices;

the number of samplingerificeslocations sampled shall not be less than 12;

the applicant shall provide evidence to the certificating authority, by means of detailed traverses,
that the proposed probe design and position does provide a representative sample for each
prescribed pewer-thrust setting.

6. GENERAL TEST PROCEDURES

6.1 Engine operation

6.1.2 The emissions tests shall be made at the pewerthrust settings prescribed by the certificating
authority. The engine shall be stabilized at each setting.

6.3 Operation

6.3.2 The following procedure shall be adopted for operational measurements:

9)

when the engine has been stabilized at the—regquisite—operating—mode required thrust setting,
continue to run it and observe pollutant concentrations until a stabilized reading is obtained,

which shall be recorded;
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7. CALCULATIONS

7.1 Gaseous emissions

7.1.1 General

The analytlcal measurements made shall be the concentratlons of the various el-asses—ef—pel-}utaﬁt—as

: h d wsiEgaseous emissions,
as detected at the1r respectrve analysers for a range of combustor 1n1et temperatures (Tp) encompassrng
the four LTO operating modes. Using the calculations of 7.1.2, or the alternative methods defined in
Attachment E to this appendix, the measured emissions indices (EI) for each gaseous emission shall be
established. To account for deviations from reference atmospheric conditions, the corrections of 7.1.3
shall be applied. Note that these corrections may also be used to account for deviations of the tested
engine from the reference standard engine where appropriate (see Appendix 6, paragraph 1 f)). Using
combustor inlet temperature (Tp) as a correlating parameter, the emissions indices and fuel flow
corresponding to operation at the four LTO operating modes of a reference standard engine under
reference day conditions shall then be established using the procedures of 7.2.

7.1.2 Basic parameters

where
22—y
P lni —_
4+-h—F22h
- 27 — (n/m)
Polm= " 0+ h,_1z2)
and
4 2—fCOL—(2/d—b/2eh {HC}+NOy
{EOH+HECOH+HGE
7= — [COJ - ([2/x] - [y/2x]) [HC] + [NO,]
[CO,] + [CO] + [HC]
mn efficiency of NO,/NO converter

Ryl humidity of ambient air, vol water/vol dry air
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7.1.3 Correction of emission indices
to reference conditions

Corrections shall be made to the measured engine emission indices for all pollutants in all relevant engine
operating-modes to account for deviations from the reference atmospheric conditions (ISA at sea level) of
the actual test inlet air conditions of temperature and pressure. These corrections may also be used to
account for deviations of the tested engine from the reference standard engine where appropriate (see
Appendix 6, paragraph 1 f)). The reference value for humidity shall be 0.00634 kg water/kg dry air.

Thus, EI corrected = K x EI measured,
where the generalized expression for K is:

K=APy /Py >AFAR, JEAR
———xexp-Fp.—FHe)<exp(dh—0-:00634)

K = (PBref/PB)a X (FARre_f/FARB)b
X exp ( [Taret — Tpl/c) x exp (d[hpass — 0.00634] )

Poass Ambient air humidity, kg water/kg dry air

7.1.4  Using the recommended curve fitting technique of paragraph 7.2 to relate emission indices to
combustor inlet temperature effectively eliminates the exp ((Ta.r — Tp)/c) term from the generalized
equation and for most cases the (FAR.s /FARg) term may be considered unity. For the emissions indices
of CO and HC many testing facilities have determined that the humidity term is sufficiently close to unity
to be eliminated from the expression and that the exponent of the (Pg.r/Pp) term is close to unity.

EINO Jcorrected=ERdervedtrom
EKNO Py, AR . —Tpcurve

EI(NO,) corrected = EI derived from
EI(NO,) (Ppre /P5)" ™ (19 [ Mypass — 0.00634 1) V. Theurve

7.2 Control parameter functions
(Dp, F 009 ﬂ?)

7.2.1 Definitions
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awtherity-Rated thrust (see definition)
F, Thrust at LTO operating mode, n. (kN)

W, Fuel mass flow rate of the reference standard engine under ISA sea level conditions. (kg/s)
Wy, Fuel mass flow rate of the reference standard engine under ISA sea level conditions at LTO

operating mode, n.

b1 The ratio of the mean total pressure at the last compressor discharge plane of the compressor to
the mean total pressure at the compressor entry plane when the engine is developing take-off
thrust rating at ISA sea level static conditions.

7.2.2 The emission indices (EI) for each pollutant, corrected fer—pressure—and—humidity(as
apprepriate)-to the-reference ambient-atmospheric conditions as-indieatedin—7+4-and, if necessary, to the

reference standard engrne El (corrected) shall be obtamed for t:he—requi-red—each LTO engi-ne—operatrng
mode-—se F : : :

conditions. A minimum of three test pornts shall be requrred to defrne the 1dle mode The followrng
relationships shall be determined under reference atmospheric conditions for each—peHutant gaseous
emission:

a) between EI (corrected) and T3 ; and

b) between W, (enginefuelmassflowrate)-and 75 ; and

¢) between £,HeorreetedtoISAsealevelcondittonsy  and Ty-teorrectedtoISAsealevel
Lt ;

Note I.— These are illustrated, for example, by Figure 3-2 a), b) and c).

Note 2.— The relationships b) and c) may be established directly from engine test data, or may be
derived from a validated engine performance model.

seught-A reference engine is defined as an engine substantially configured to the production standard of
the engine type and with fully representative operating and performance characteristics.

The manufacturer shall also supply to the certificating authority all of the necessary engine
performance data to substantiate these relationships and for ISA sea level ambient conditions:

d) maximumrated thrust (F,,); and
e) engine pressure ratio (7) at maximum rated thrust.

Note.— These are illustrated by Figure 3-2 d).

7.2.3  The estimation of EI (corrected) for each pelutantat-each—of the required-engine—meode
settines;-corrected-to-the reference-ambient-eonditions;gaseous emission at the four LTO operating modes

shall comply with the following general procedure:
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a) ateach-modeISA-thrustecondition ¥ ;-determine the equtvalent-combustor inlet temperature (75)
(Figure 3-2 c)) at the values of F, corresponding to the four LTO operating modes, ,, under
reference atmospheric conditions ;

b) from the EI (corrected)/Tp characteristic (Figure 3-2 a)), determine the EI, value corresponding to
T,

¢) from the W; /Ty characteristic (Figure 3-2 b)), determine the W, value corresponding to T’s;

ATTACHMENT E TO APPENDIX 3. THE CALCULATION OF THE EMISSIONS
PARAMETERS — BASIS, MEASUREMENT CORRECTIONS AND
ALTERNATIVE NUMERICAL METHOD

Editorial Note.— Replace straight brackets and use vol.— index for humidity.

1. SYMBOLS

h,,; humidity of ambient air, vol water/vol dry air

2. BASIS OF CALCULATION OF EI
AND AFR PARAMETERS

2.1 Itis assumed that the balance between the original fuel and air mixture and the resultant state of
the exhaust emissions as sampled can be represented by the following equation:

CmHn + PO[R(O2) + S(N2) + T(CO2) + h;,; (H20)]
= PI1(CO2) + P2(N2) + P3(02) + P4(H20)
+ P5(CO) + P6(CxHy) + P7(NO2) + P§(NO)

from which the required parameters can, by definition, be expressed as

2.3 The ambient air humidity, h,,, is as measured at each test condition. It is recommended that, in
the absence of contrary evidence as to the characterization (x, y) of the exhaust hydrocarbon, values of
x =1 and y = 4 are assigned.

2.4 Determination of the remaining unknowns requires the solution of the following set of linear
simultaneous equations, where (1) to (4) derive from the fundamental atomic conservation relationships
and (5) to (9) represent the gaseous product concentration relationships.

M+ TPO = P14 P5 4 XP6 oo ee e es e (1)
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N+ 2h PO = 2P4 4+ YPO oo 2)
(2R + 2T + hy,))PO
=2P1 +2P3 + P4 + PS5+ 2PT + P8 ... 3)

3. ANALYTICAL FORMULATIONS

3.2 Equation for conversion of
dry concentration measurements
to wet basis
Concentration wet = K x concentration dry; that is,

[ 1=K[ l

The following expression for K applies when CO and CO, are determined on a “dry” basis:

ferrmy Ttk T—20-INO—HHCH)

K=
@r+hy{2+—hm-ah €O ~HCO1 T
2y — - BHCH-A o)
— A T— 2R+ h HCOY )
= {4 + (Wm) T + (W/m]T = 2h,,;) (INO,] - 2[HC]/x))

@2 +h) {2+ @/m) A + hy) ([CO,, + [COL) }

+ (2 + ) (v/x] = [n/m]) [HC1} (1 + hy)
~(I/m]T - 2h) (1 = [1 + hy] [CO,)

3.4 Equation for estimation of
sample water content

Water concentration in sample

— E”’%” f ’*'405”9(|@Q;| |GQ t |‘HQ9
H01= I+ FR fr) —o2oHHC
__([n2m] + hyy[Py'm]) (ICO,] + [CO] + [HC])

where
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_ 2L—nhmy
Pyf= Tz
Py/im = 27 — (n/m)

4(1 + hyo — [T212])

and
Zz 2—COT—RAt—h/2ZehHHE+HNOY
1O+ ECOH+HE]

2 — [CO] = ([2/x] = [y/2x]) [HC] + [NO,]
[CO,] + [CO] + [HC]

Z=

It should be noted that this estimate is a function of the various analyses concentration readings,
which may them-selves require water interference correction. For better accuracy an iterative procedure is
required in these cases with successive recalculation of the water concentration until the requisite stability
is obtained. The use of the alternative, numerical solution methodology (4) avoids this difficulty.

APPENDIX 6. COMPLIANCE PROCEDURE FOR
GASEOUS EMISSIONS AND SMOKE

2. COMPLIANCE PROCEDURES

The certificating authority shall award a certificate of compliance if the mean of the values measured and
corrected (to the reference standard engine and reference ambient-atmospheric conditions) for all the
engines tested, when converted to a characteristic level using the appropriate factor which is determined
by the number of engines tested (i) as shown in the table below, does not exceed the regulatory level.

Note.— The characteristic level of the Smoke Number or gaseous potlutant-emissions is the mean of
the values of all the engines tested, measured-and, for gaseous emissions only, appropriately corrected to
the reference standard engine and reference ambient—conditions—atmospheric conditions, divided by the
coefficient corresponding to the number of engines tested, as shown in the table below.
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NOMENCLATURE [Reserved]

Symbols and Units

Symbols and abbreviations employed in these guidelines are consistent with those contained in Annex 16
— Environmental Protection, Volume Il — Aircraft Engine Emissions (Second Edition, July 1993).

SECTION 1. - INTRODUCTION

1.1 PURPOSE

1.1.1 The aim of this document is to promote uniformity in the implementation of Annex 16 —
Environmental Protection, Volume Il — Aircraft Engine Emissions, by providing guidance to certificating
authorities and applicants regarding the intended meaning and stringency of the current Annex 16,
Volume II emissions Standards and those specific procedures that are deemed acceptable in
demonstrating compliance to these Standards.

1.1.2 This document also provides guidance in the wider application of equivalent procedures
that have been accepted as a technical means for demonstrating compliance with the emissions
certification requirements of Annex 16, Volume II. Such equivalent procedures are referred to in Annex
16, Volume II, but are not dealt with in the same detail as in the appendices which describe the emissions
evaluation methods for compliance with the relevant chapters of Annex 16, Volume II.

1.1.3 Annex 16, Volume II procedures must be used unless an equivalent procedure is
approved by the certificating authority. Procedures presented in these guidelines should not be considered
as limited only to those described herein, as these guidelines will be expanded as new procedures are
developed. Also, their presentation does not infer limitation of their application or commitment by
certificating authorities to their further use.

1.14 References to Annex 16, Volume II relate to Amendment 5.

1.2 FRAMEWORK

1.2.1 The basic framework of this document is a replication of the Annex 16, Volume II
structure in order to ensure easy reference between the annex and these guidelines. References in the table
of contents are only made to a part of the requirements when there is associated guidance material,
otherwise the relevant paragraph has been “reserved” for future use. There is minimal repetition of the
requirement text in order to simplify the ETM content, lower maintenance costs and reduce the danger of
inconsistencies between Volume II and the ETM following future revisions.

1.2.2 The first section provides general information while the second section contains guidance
material to Annex 16, Volume II. The format of the guidance material includes three types of information
described as explanatory information, equivalent procedures and technical procedures. The definitions of
these three types of information are as follows:

Explanatory Information
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— Explains Annex 16 emissions Standards language.

— States current policies of regulatory authorities regarding compliance with Annex 16 emissions
Standards.

— Provides awareness of critical issues for approval of applicants’ compliance methodology
proposals.

Equivalent Procedures

An equivalent procedure is a test or analysis procedure which, while differing from one specified in
Annex 16, Volume II, in the technical judgement of the certificating authority yields effectively the same
emissions levels as the specified procedure.

The use of equivalent procedures may be requested by applicants for many reasons, including:
a) to make use of previously acquired certification test data for the engine type; and

b) to minimize the costs of demonstrating compliance with the requirements of Annex 16,
Volume II by keeping engine test time, test bed usage, and equipment and personnel costs to
a minimum.

Technical Procedures

A technical procedure is a test or analysis procedure not defined in detail in Annex 16 emissions
Standards but which certificating authorities have approved as being acceptable for compliance with the
general provisions specified in the emissions Standards.

1.3 EMISSIONS COMPLIANCE DEMONSTRATION PLAN

1.3.1 Prior to undertaking an emissions certification demonstration, the applicant is normally
required to submit to the certificating authority an emissions compliance demonstration plan. This plan
contains the method by which the applicant proposes to show compliance with the emissions
requirements. Approval of this plan and the proposed use of any equivalent procedure remains with the
certificating authority. The determination of equivalency for any procedure or group of procedures must
be based upon the consideration of all pertinent facts relating to the application.

1.3.2 Emissions compliance demonstration plans should include the following types of
information:

a) introduction
e description of the engine emissions certification basis, i.e. the applicable
Annex 16, Volume II amendment and chapter;

b) engine description
® type, model number and specific details of the basic configuration to be certified;
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¢) engine emissions certification methodology
® test concepts, equivalent procedures and technical procedures;

d) test description
® test methods to comply with the emissions Standards;

e) measurement system
e description of measurement and sampling system components and procedures,
including calibration procedures, that are intended to be used to demonstrate
compliance with the emissions Standards; and

f) data evaluation procedures
e emissions evaluation and adjustment procedures (including equivalent and
technical procedures such as those provided in these guidelines) to be used in
compliance with the provisions of Annex 16, Volume II appropriate to the engine

type being certificated.

1.4 EMISSIONS CERTIFICATION REPORTS

1.4.1 Following completion of an emissions certification demonstration test, an applicant is
normally required to submit an emissions certification report. This report provides a complete description
of the test process and the test results with respect to compliance with the provisions of Annex 16,
Volume II.

1.4.2 These reports should include the following types of information:

a) basis for test approval
e the approved emissions certification compliance plan for the engine type and
model being certificated;

b) description of tests
e actual configurations tested and non-conforming items (with justification that
they are not significant to emissions, or if significant, can be dealt with by an
approved method), test methodology (including equivalent procedures and
technical procedures), tests conducted, test data validity, and data analysis and
adjustment procedures used;

c) testresults
e data to demonstrate compliance with the provisions of Annex 16, Volume II

regarding maximum emissions levels for the engine type being certificated; and

d) references.
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SECTION 2 — GUIDANCE MATERIAL

PART III — EMISSIONS CERTIFICATION

CHAPTER 2. Turbo-jet and turbofan engines intended for propulsion only at subsonic speeds

2.1 General
2.1.1  Applicability
The provisions of this chapter shall also apply to engines designed for applications that otherwise
would have been fulfilled by turbo-jet and turbofan engines.

Explanatory Information

This sentence anticipates the introduction of future engine technologies. The emissions Standards in
Chapter 2 would also be applicable to future engine types not categorized as a turbo-jet or turbofan but
intended for use in international air transport services. The provision above is not applicable to turbo-prop
engines.

2.1.2 Emissions involved [Reserved]
2.1.3  Units of measurement

Explanatory Information

Smoke level is determined indirectly, by means of the loss of reflectance of a filter used to trap smoke
particles from a prescribed mass of exhaust per unit area of filter. The result is a dimensionless smoke
number “SN” which acts as a surrogate for, or indicator of, plume opacity. These smoke sampling and
measurement procedures standardized in Annex 16, Appendix 2 are derived from SAE Aerospace
Recommended Practice (ARP) 1179, Aircraft Gas Turbine Exhaust Smoke Measurement.

The smoke measurement standard was developed for engines that generated smoke at considerably higher
levels than are seen today. This affects the relative accuracy of the method. The measurement is
considered (by the SAE E-31 Committee that developed the method) to be no more accurate than +3 SN.
At smoke levels of SN 50-60 this represents an accuracy of 6 to 5 per cent. At regulatory standards of 30
and below, relative accuracy becomes 10 to 20 per cent or more.

2.1.4 Reference conditions
2.1.4.1 Atmospheric conditions

Explanatory Information
The reference atmospheric conditions to which the gaseous emissions (HC, CO and NOx) are to be
corrected are the reference day conditions, as follows: Temperature = 15°C, Humidity = 0.00634 kg

H,0O/kg of dry air, Pressure = 101.325 kPa.

2.1.4.2 Thrust settings [Reserved]
2.1.4.3 Reference emissions landing and take-off (LTO) cycle
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Explanatory Information

The exhaust emissions test is designed to measure hydrocarbons, carbon monoxide, carbon dioxide and
oxides of nitrogen concentrations, and to determine mass emissions through calculations during a
simulated aircraft landing-takeoff cycle (LTO). The LTO cycle is based on times in mode data during
high activity periods at major airports for four modes of engine operation: taxi/idle, takeoff, climbout, and
approach. The mass emissions for these modes are combined to yield the reported emissions certification
levels.

2.1.4.4 Fuel specifications

Explanatory Information

Aircraft gas turbine engines use a variety of fuels. The specific fuel type and composition can and often
do have a significant effect on engine emissions. Hence, it is an important factor when comparing
emissions levels from one engine with those from another. It is particularly important in evaluating engine
emission levels relative to a regulation that was based, in part, on an assumed fuel specification. The fuel
specification defined in Appendix 4 is typical of Jet A aviation fuel. The requirement for emissions
certification testing with a fuel that meets a particular specification provides a fixed point of reference for
the engine. It provides for some degree of control over the effect of fuel composition on smoke formation
and emission. It also helps in the assessment of the effects of changing technology.

2.1.5 Test Conditions [Reserved]
2.2 Smoke

2.2.1 Applicability [Reserved]

2.2.2  Regulatory Smoke Number [Reserved]
2.3 Gaseous Emissions

2.3.1 Applicability [Reserved]

2.3.2 Regulatory levels [Reserved]
2.4 Information Required

2.4.1  General information [Reserved]

2.4.2 Test information [Reserved]

2.4.3  Derived information

Explanatory Information

The “Maximum Smoke Number” is formally defined as the greatest value of SN measured at any of the
four thrust levels defined in 2.1.4.2. However, if a higher smoke number is measured at any other test
condition between 7 and 100 per cent of rated thrust during emissions certification tests, it is
recommended that the higher value be reported as the “Maximum Smoke Number”.

APPENDIX 2. Smoke Emission Evaluation

Explanatory Information

The procedure for evaluating smoke emissions is an indirect measure of smoke plume visibility which is
obtained by using a filter to trap smoke particles contained in a predetermined mass of exhaust gas and
measuring the loss of reflectance, i.e., degree of staining, of this filter relative to the absolute reflectance
of the filter when clean or free of stain. The uncertainty of the smoke emission evaluation is estimated to
be within £3 SN (smoke numbers).
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1. Introduction and Definitions [Reserved]
2. Measurement of Smoke Emissions

2.1 Sampling probe for smoke emissions
a) The probe shall be made of stainless steel or any other non reactive metal. If a probe with
multiple sampling orifices is used, all sampling orifices shall be of equal diameter.

Equivalent Procedures

Stainless steel is the preferred probe material but other non-reacting materials may be more suitable under
specific circumstances, e.g. engine exhaust temperatures which exceed the physical specification limits of
stainless steel. Inconel 625 and Nimonic 75 alloys have previously been accepted as a non-reactive probe
material. Other materials may be suitable but need to be approved by the certificating authority.

b) The probe design shall be such that at least 80 per cent of the pressure drop through the probe
assembly is taken at the orifices.

Explanatory Information

Smoke particles are submicron in size which, for sampling from gas turbine engines, precludes the need
for isokinetic sampling. Nevertheless, good practice would suggest sampling as close to isokinetically as
possible. Taking an 80 per cent pressure drop at the probe orifices is a reasonable compromise. Further
information on probe design is provided within the section on Appendix 3, paragraph 5.1.1.

¢) The number of locations sampled shall not be less than 12. [Reserved]

d) The sampling plane shall be as close to the engine exhaust nozzle exit plane as permitted by
considerations of engine performance but in any case shall be within 0.5 nozzle diameters of
the exit plane. [Reserved]

e) The applicant shall provide evidence to the certificating authority, by means of detailed
traverses, that the proposed probe design and position does provide a representative sample
for each prescribed power setting.

Explanatory Information

Smoke measurements can be performed by means of a single point probe which is traversed through the
sampling plane in sufficient detail to provide a representative sample. This measurement can also be made
using a multi-orifice probe which has been demonstrated to provide a representative sample by
comparison with those of the single point traverse. Work sponsored by the SAE E-31 Committee has
shown that the best agreement between a detailed traverse, used to establish the mean value of smoke
emissions in the sampling plane, and a multi-point sampling probe is achieved when this probes sampling
orifices are located on centres of equal area. The most common configuration is that of a cruciform with
the individual orifices equally distributed and located on centres of equal area.

2.2 Sampling line for smoke emissions
Explanatory Information
If carbon-loaded grounded polytetrafluoroethylene (PTFE) is used special care must be taken to allow

sufficient cooling of the exhaust sample from the probe to the PTFE line to prevent damaging the PTFE
line and possibly compromising the sample.
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2.3 Smoke analysis system

a) sample size measurement: [Reserved]

b) sample flow rate measurement: [Reserved]

c) filter and holder: [Reserved]

d) valves: [Reserved]

e) vacuum pump: [Reserved]

f) temperature control: [Reserved]

g) If it is desired to draw a higher sample flow rate through the probe than through the
filter holder, an optional flow splitter may be located between the probe and valve A
(Figure 2-1), to dump excess flow. The dump line shall be as close as possible to probe
off-take and shall not affect the ability of the sampling system to maintain the required
80 per cent pressure drop across the probe assembly. The dump flow may also be sent
to the CO, analyser or complete emissions analysis system.

Explanatory Information

Achieving an 80 per cent pressure drop across the probe assembly can result in an unacceptably high
sample flow rate through the filter holder due to the pressure drop taken across the filter. In these
instances, a flow splitter may be required.

h) If a flow splitter is used, a test shall be conducted to demonstrate that the flow splitter
does not change the smoke level passing to the filter holder. This may be accomplished
by reversing the outlet lines from the flow splitter and showing that, within the
accuracy of the method, the smoke level does not change.

Explanatory Information

Smoke from gas turbine engines, although consisting of sub-micron particles, can be particularly
sensitive to flow splitter design or other flow elements in the sampling stream due to inertial
separation at very high flow velocities. This test addresses these concerns and ensures that the
splitter design does not adversely impact the smoke emissions evaluation.

1) leak performance: [Reserved]
j) reflectometer: [Reserved]
2.4 Fuel specifications [Reserved]
2.5 Smoke measurement procedures
2.5.1 Engine operation [Reserved]
2.5.2 Leakage and cleanliness checks

Explanatory Information

Leakage checks are to ensure clean air does not leak into the system thereby diluting the sample and
lowering the smoke number. Cleanliness checks ensure that the sampling system is acceptably clean and
the collecting filter will not be contaminated. If the probe cannot be removed from the sampling stream
during engine start-up, the probe and lines should be back pressured with a suitably clean gas, such as dry
nitrogen, to minimize contamination problems.

2.5.3 Smoke measurement

Explanatory Information
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It is common practice, while sampling for smoke, to also measure levels of CO, as an operational
check of the sampling system. The engine fuel-air ratio is calculated from the measured CO, and
compared to the fuel-air ratio obtained from engine performance data. These should be in
agreement within £10 per cent at engine power above idle and within +15 per cent at idle.

Paragraphs a) through d) provide for adjusting and setting the sample flow rate through the filter
holder. To duplicate the pressure drop through the filter holder during actual sampling conditions a
clean filter is clamped into the holder. This filter should be removed and discarded before
clamping a clean filter into the holder as described in d).

3. Calculation of Smoke Number from Measured Data

Explanatory Information

The absolute reflectance of each clean filter should be determined as well as that of the stained filter. Work
performed by Dieck, et al, “Aircraft Gas Turbine Smoke Measurement Uncertainty Using the SAE/EPA
Method”, Journal of Aircraft, Vol. 15, No. 4, April 1978, concluded that “The major instrument-related
source of error in SAE/EPA smoke measurement is clean-filter reflectance precision. It is a direct result of
the variability in filter reflectance about the average value used”. The backing material should be flat and
provide equal pressure across the surface of the filter.

4. Reporting of Data to the Certificating Authority [Reserved]

APPENDIX 3: Instrumentation and Measurement Techniques for Gaseous Emissions

Introduction [Reserved]
Definitions [Reserved]
Data Required [Reserved]
General Arrangement of the System [Reserved]
Description of Component Parts
5.1 Sampling system
5.1.1 Sampling probe

SNl

Explanatory Information

A mixing probe design could include either several sampling orifices leading into a single plenum or
several sampling orifices leading into individual sample lines which are mixed external to the probe. The
sampling orifices should be equal in size and located on centres of equal area for all mixing probes. If a
multi-armed probe is used, then there should be an equal number of orifices on each arm. Considerations
for probe design leading to these criteria can be found in “Gas/Turbine Emission Probe Factors”, SAE
Aerospace Information Report AIR4068A, 1996.

The pressure drop refers to the dynamic head not the total pressure and is needed to ensure that each
orifice takes a flow rate that is proportional to the dynamic head present at the sampling orifice. Thus
when the samples taken by the individual sampling orifices are mixed together within the probe, the total
sample is representative of the mass flux of emissions through the engine exhaust sampling plane.
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5.1.2  Sampling lines [Reserved]
5.1.3 HC Analyser [Reserved]
5.1.4 CO and CO2 analysers [Reserved]
5.1.5 NOx analysers [Reserved]
5.1.6  Smoke analysis system [Reserved]
6. General Test Procedures
6.1 Engine operation [Reserved]
6.2 Major instrument calibration [Reserved]
6.3 Operation [Reserved]
6.4 Carbon balance check [Reserved]
7. Calculations
7.1 Gaseous emissions [Reserved]
7.1.1  General [Reserved]
7.1.2  Basic Parameters [Reserved]
7.1.3  Correction of emissions indices to reference conditions [Reserved]
7.2 Control parameter functions [Reserved]
7.3 Exceptions to the proposed procedures [Reserved]
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English only
APPENDIX C

TECHNOLOGY READINESS LEVEL SCALE

The technology readiness level (TRL) scale system is widely agreed between research organizations and
industry in the ICAO/CAEP process. The purpose of this Appendix is to describe the analyses and tests
necessary to meet a given TRL level for a low emission combustor technology. The TRL Scale shown in
Figure 1 was originally developed by NASA as a general tool to characterize the level of development of
new technologies across a wide range of applications including space vehicles, aircraft systems, aircraft

engines and engine components. It has been slightly modified with the input of the European

Commission. The definition of terms is rather general, as required to fit a wide range of technologies.

9 Actual system “flight proven™ on operational flight

§ Actual svstem completed and “flight qualified” through L

test and demonstration

T System prototvpe demonstrated in flight environment

to Their Products

Industry Applies Technology

Research Program
Stops

6 System/subsystem model or true
dimensional test equipment validated in a
relevant environment

tn

Component and/or breadboard verification in
a relevant environment

4 Component and/or breadboard test in a
laboratory environment

3 Analvtical and experimental critical function,
or characteristic proof-of-concept

b

Technology concept and/or application
formulated (candidate selected)

1 Basic principles observed and reported

Complexity & Maturity

Indusiry Role

Governmeni Role
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English only
APPENDIX D
MODELS EVALUATED
(see para. 1.14)
1. NOISE

Aviation Environmental Design Tool/Model for Assessing the Global Emissions of Noise from Transport
Aircraft (AEDT/MAGENTA)
US FAA

Aircraft Noise CONtour model (ANCON)
UK CAA

EuropeaN Harmonised Aircraft Noise Contour Modelling Environment (ENHANCE)
EUROCONTROL

Japanese Civil Aviation Bureau Model (JCAB Model)
Japan

SONDEO
Anotec Consulting

2. LOCAL AIR QUALITY

Aviation Environmental Design Tool/Emissions and Dispersion Modeling System (AEDT/EDMS)
US FAA

LASat for airPORTS (LASPORT)
Janicke Consulting

Airport Local Air Quality Studies (ALAQS)
EUROCONTROL

Atmospheric Dispersion Modelling System (ADMS)
Cambridge Environmental Research Consultants
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3. GREENHOUSE GASES

Aviation Environmental Design Tool/System for Assessing Aviation Global Emissions (AEDT/SAGE)
US FAA

Advanced Emission Model (AEM)
EUROCONTROL

AERO2k
UK/EC

FAST
Manchester Metropolitan University - MMU

4. ECONOMICS

Aviation Portfolio Management Tool (APMT)
US FAA

Campbell-Hill Noise Cost Model (Noise Cost)
Campbell-Hill

NO, Cost
FESG

AERO Modelling System (AEROMS)
Netherlands

— END —
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Agenda Item 2: Review of market-based options to limit or reduce emissions

2.1 INTRODUCTION

2.1.1 The use of market-based measures as a means of limiting or reducing the environmental
impact of aircraft engine emissions had been on CAEP’s work programme since CAEP/5. Work had
focussed on three areas: voluntary measures, emissions trading and emission-related levies. With respect
to the first area, guidance material and a template voluntary agreement had been produced during the
CAEP/6 process and subsequently endorsed by the Council and the Assembly (A35-5, Appendix I,
Resolving Clause 2. a) refers) (see also section 2.2 below). With respect to emissions trading, work on the
development of specific guidance, as requested by Assembly Resolution A35-5, Appendix I, Resolving
Clause 2. c), had been undertaken during the CAEP/7 process and is reported upon in section 2.3 below.

2.1.2 Work on the use of emission-related levies had initially been addressed according to the
directions given in Assembly Resolution A35-5, Appendix I, Resolving Clause 2. b), which requested
ICAO to develop guidance on both greenhouse gas (GHG) and local air quality (LAQ) emissions charges.
Clause 2 b) also pertained to a request for the Council to study the effectiveness of emissions charges
related to local air quality. During the course of the CAEP/7 process, various difficulties, including some
of a legal and policy nature, had been encountered, which led to the establishment of a Council Special
Group on Legal Aspects of Emissions Charges. Based on the results of the work of this Special Group,
the CAEP Steering Group (SG) had decided to address the charges issue in two different ways: one
related to local air quality emissions charges, the other to global (GHG) emissions charges. The SG had
noted that there was a greater potential for developing guidance for local air quality charges than for GHG
emissions charges; it had consequently agreed that CAEP should concentrate its efforts and resources in
areas where progress was more likely to be achieved, i.e. on developing guidance on aviation related
LAQ charges and emissions trading.

2.13 As a consequence of this decision, CAEP’s work on emission charges, including a study
of the effectiveness of emissions charges related to LAQ, as reported below (see section 2.4), only
addressed the charges that might be imposed on those emissions that affect local air quality. Climate
change issues are therefore only covered under market-based measures at this stage through guidance
provided on emissions trading.

2.2 VOLUNTARY MEASURES
2.2.1 Introduction

2.2.1.1 Regarding voluntary measures, CAEP had already developed a template for voluntary
agreements between the aviation sector and public sector organizations, which was available on the ICAO
website.

2212 It was thought that many kinds of voluntary activities, including voluntary agreements,
might be undertaken in the world. It was expected that collecting and providing feedback of the
information on various voluntary activities to the aviation community would help and encourage the
implementation of such activities. Consequently, the Focal Point on Voluntary Measures (FPVM) called
on CAEP members and observers to provide information on voluntary activities, with the cooperation of
the CAEP Secretariat, as a first step. As a result, information on five activities had been collected for the
CAEP Steering Group Meeting in June 2006. Among this information, there had been new information on
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two activities, although the information had been released to the public on the Internet. Therefore, the
CAEP Steering Group agreed to request that a State Letter be sent to all States soliciting information on
voluntary activities undertaken not only by States but also airlines, airports, etc.

2.2.2  Collected Information

2.2.2.1 State Letter AN 1/17-06/77 calling for States to provide information was subsequently
sent to all States on 3 October 2006. Ten States had replied to the State Letter as of 7 December 2006.
Some of their replies indicated that no voluntary activities relating to global warming had taken place in
the aviation sector in their States. The information submitted by other States and information collected
prior to CAEP/7-SG/3 was provided to the meeting. The FPVM welcomed additional submissions at any
time, in order to ensure that a wide range of information could be disseminated.

2.2.3 Discussion and conclusions

2231 The meeting noted with appreciation the efforts made by the Focal Point on Voluntary
Measures to collect relevant information. It also noted the information provided as a result of the
questionnaire sent to Member States.

2232 The meeting endorsed the idea of releasing the collected information to the public
through the ICAO public website and of updating the information through the following three means:

a) to state on the ICAO website that additional or further information concerning new
and/or improved voluntary activities was welcome at any time;

b) to request that each contact point update information concerning their voluntary
activities on an annual basis; and

c) to issue a State Letter, once every three years, requesting all Member States and
international organizations to submit information on new voluntary activities
undertaken by entities in their States or constituency.

2.24 Recommendation

2241 In light of the foregoing discussion, the meeting developed the following
recommendation:

Recommendation 2/1 — Publication of information on
voluntary measures

That the information gathered from Member States and
international organizations on voluntary measures be published
on the ICAO public website and updated, as requested.

2.3 EMISSIONS TRADING

231 Consistent with Assembly Resolution A35-5, Appendix I, Resolving Clause 2. c),
CAEP’s work on developing guidance for emissions trading schemes had focussed on two approaches:
one addressed the development of a voluntary trading system that States and international organizations
might propose; the other considered the integration of emissions from international aviation into States’
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emissions trading schemes consistent with the UNFCCC process. Under both approaches guidelines for
an open emissions trading system had been designed so as to ensure that the structural and legal basis for
aviation’s participation in such a system were properly addressed, including, for example, key elements
such as reporting, monitoring and compliance.

2.3.2  Voluntary Emissions Trading

2.3.2.1 With respect to voluntary emissions trading systems (VETS), a report had been
developed by CAEP’s Emissions Trading Task Force (ETTF). It described the general nature of various
types of voluntary emissions trading schemes, it presented and summarized a number of practical
experiences currently implemented throughout the world, and discussed the possible future development
of such schemes involving aviation.

Description of voluntary emissions trading

2322 The VETS report defined a voluntary trading scheme as any scheme in which
participation was not made mandatory by a State. Schemes that involved some kind of government

incentive for companies to participate would therefore also fall under this definition.

2323 For the purpose of this report, voluntary emissions trading for international aviation was
considered to be one of the following:

a) A group of airlines decided to create its own Emissions Trading Scheme (ETS);For
example, airline alliance partners could set up an ETS among themselves.

b) The airline sector created a new ETS together with other sectors; For example,
members of a national air transport association could join the national electricity
companies and agricultural sector to establish and participate in a national emissions
trading scheme.

¢) An airline/a group of airlines decided to unilaterally join an existing ETS:

1) run by its own government

2) run by other government(s)

3) run by a commercial entity.
Under these scenarios, the money paid by those buying allowances helps to finance the development
and/or implementation of CO, control measures by others who are selling the allowances. In addition to

these options, more direct mechanisms may also be considered, for example:

d) An airline/a group of airlines decided to compensate for carbon emissions by using
an offset mechanism:

1) run by the airline(s) itself (possibly as an option for passengers/customers)
2) run by an independent service provider.

In this case, money would usually be paid into a fund that sponsors specific projects to reduce or avoid
emissions from sources or remove emissions from the atmosphere through so-called sink projects. An
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example would be an airline that set aside a small amount per ticket sold to fund climate mitigation
projects. Such offset programmes, if only triggered by passengers or customers, may not result in the
reduction of a predefined quantity of emissions.

Key considerations

2324 A number of considerations were key in designing a workable and credible voluntary
trading scheme. These included, but were not limited to, the following:

a) Environmental results;
b) Flexibility;
¢) Administrative & transaction;
d) Transparency;
e) Overall cost and cost-effectiveness;
f) Competitiveness;
g) Interactions with other mitigation options; and
h) Political acceptability.
Existing Voluntary Emissions Trading Schemes

2.3.2.5 At the present time there are only a handful of examples around the world of voluntary
emissions trading schemes for greenhouse gases. Only one of these trading schemes has included the
activities of an airline operator. Other types of schemes involve voluntary financial contributions by
airline passengers to fund carbon dioxide emissions offset projects. While the overall contribution of
these schemes to global emissions reduction is small at present, the potential exists for this contribution to
multiply over time if more schemes are developed.

2.3.2.6 The various experiences described in the VETS report included the following: The UK
Emissions Trading Scheme (UK ETS); Japan’s Voluntary Emissions Trading Scheme; The Chicago
Climate Exchange (CCX); the European Climate Exchange (ECX); the Montreal Climate Exchange
(MCeX) and the Asia Carbon Exchange (ACX-Change). Those schemes would therefore seem to be the
only types of schemes that currently have any potential for providing an existing voluntary emissions
trading facility for aviation to join.

Future development of voluntary emissions trading schemes for
aviation

2.3.2.7 In the future, there would be four ways for airlines to become involved in a voluntary
emissions trading scheme: by participating in an existing voluntary scheme; by developing a carbon offset
facility (open to action by customers or organized by the airline itself); by developing a voluntary
agreement as a precursor to an emissions trading system; or by establishing an airline-only emissions
trading scheme. The role that ICAO might play into the development of such schemes was also described
in the report.
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Discussion and conclusions

2.3.2.8 A question was raised relating to obligations of participants in voluntary schemes
compared to those of participants in mandatory schemes. It was probable that participants in a voluntary
scheme would enter into some form of contract and agree to be bound by its terms. The difference
compared with a mandatory scheme would be that participants would enter into the scheme on a
voluntary basis, with full knowledge of the obligations and implications, instead of having these imposed
on them.

2329 One Member noted that voluntary initiatives were interesting experiences, but that they
may not achieve as much as was initially expected. In his view, they therefore did not constitute a
complete solution.

2.3.2.10 The meeting agreed to endorse the report on the voluntary emissions trading system. It
also agreed that the report should be made available to the public through the ICAO public website.

Recommendation

2.3.2.11 In light of the foregoing discussion, the meeting developed the following
recommendation:

Recommendation 2/2 — Publication of the report on
voluntary emissions trading for aviation

That the report on voluntary emissions trading for aviation as
contained in Appendix A to the report on this agenda item be
published on the ICAO public website.

2.3.3 Integrated emissions trading

2.3.3.1 With respect to integrating international aviation into States’ emissions trading systems,
guidance had been prepared by CAEP’s ETTF. This guidance material identified a range of emissions
trading issues and was based on expertise from a wide range of aviation, climate change and emissions
trading experts from various parts of the world. The scope of this guidance material extended exclusively
to international civil aircraft operations and did not include State aircraft, which included military,
customs and police services. The guidance focused on those aspects of emissions trading that required
consideration with respect to aviation-specific issues; it identified options and offered potential solutions
where possible. It addressed the aviation-specific options for the various elements of trading systems,
such as accountable entities, emissions sources and species (gases) to be covered, trading units, base year
and targets, allowance distribution, monitoring and reporting, and geographic scope. Since most
emissions trading schemes defined emissions sources in terms of fixed ground based installations, the
guidance addressed how emissions sources could be defined for aviation.

2332 This material was not of a regulatory nature. It was recognised that it may not provide the
level of detail necessary to assist ICAO Contracting States in addressing every issue that might arise,
given that there may be unique legal, technical or political situations for particular States. It was therefore
advised that ICAO Contracting States should use this guidance as supporting material, to be shaped and
applied to specific circumstances. It should also be noted that, given the limited practical experience that
currently exists in emissions trading, this guidance may need to be revised as the world of emissions
trading and aviation developed over time.
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2333 One issue that was particularly difficult to address during the development of the
guidance had been that of the geographic scope. The central point of disagreement regarding geographic
scope had been whether Contracting States could integrate international aviation emissions from aircraft
operators of other Contracting States into their emissions trading schemes without the explicit agreement
of these other States (mutual agreement). At CAEP’s request, the Council had considered this issue on
several occasions and had issued guidance in November 2006 (C-DEC 179/11), as follows:

“requested that CAEP, in completing its draft guidance, adopt the same principle used in
the drafting of other key elements of this guidance, by including the different options to
geographic scope describing their advantages and disadvantages and start to address the
integration of foreign aircraft operators under a mutually agreed basis, and continue to
analyze further options; and urged Contracting States to refrain from unilateral action to
implement an emissions trading system for international aviation before the Council
reports to the Assembly on its work to implement Assembly Resolution A35-5".

Discussion and Conclusions

2334 The meeting noted that drafting guidance on emissions trading was a difficult exercise
since this was a new area, with little or no experience to build upon, in particular with respect to aviation
participation in such schemes. For this reason, and for the quality and clarity of the guidance, it
commended the ETTF for the excellent work it had done.

2.3.3.5 There was consensus among Members and Observers to endorse the guidance as
proposed.
2.3.3.6 However, different views were expressed on the possible implementation of emissions

trading schemes, as reflected below.

2.3.3.7 One observer commended ICAQ’s leadership in developing this guidance, but noted with
concern that the language on the issue of geographical scope derived from the Council decision was being
given different interpretations, while, in his view, the intent of the Council was that States work through
mutual agreement to include foreign aircraft operators in emissions trading schemes. In his view, an open
emissions trading system was superior to a system of charges and taxes in terms of cost-effectiveness and
should be used to the exclusion of such levies. Finally, emissions trading should be considered in a
context of other measures, such as voluntary actions, aircraft technology improvements, improved
airspace utilization, and realization of the potential of alternative fuels.

2.3.3.8 Several members and a Council Representative observer to the meeting were of the view
that the mutual agreement approach was the only workable solution in a multilateral context to deal with
the issue of applying an emissions trading system to foreign operators. They thought that this was a
fundamental principle that should be endorsed by ICAO, and that there was no alternative to it, since any
alternative would result in forcing airlines into a system without the consent of their States. They also
insisted that different measures should not be applied to tackle the same problems (e.g. emissions trading
and taxes).

2339 Some members feared that the inclusion of non-Annex 1 countries of the United Nations
Framework Convention on Climate Change (UNFCCC) in an imposed emissions trading scheme would
not take into account the principle of common but differentiated responsibilities (Article 3.1 of the
UNFCC). One member considered that the only way to include non-Annex 1 countries in emissions
trading schemes was through the Clean Development Mechanism (CDM), one of the flexible mechanisms
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of the Kyoto Protocol. A member suggested that the establishment of an international fund would be a
good solution to help developing States purchase new technology that could reduce their emissions.

2.3.3.10 Summarizing the above, some members and observers believed that even with agreement
on the guidance document, there remained significant technical complexities and legal issues in
implementing market-based measures in international aviation. This reflected the large diversity of States’
economic development status, the nature of their aviation industries, and differing views on international
legal obligations. They were of the opinion that the only way such market-based measures could be used
successfully in a workable, legal and cost-effective manner to address emissions rested on the principle of
mutual consent between States in application of such measures.

2.3.3.11 One member remarked that the guidance was a first step in the use of market-based
measures, as opposed to a full-scale approach. With a gradual progression, there would be the possibility
of learning by doing.

2.3.3.12 An observer considered that the guidance as proposed would ensure that all options on
geographic scope were covered rather than an exclusive reliance on the mutual agreement approach. He
emphasized that all other options should continue to be analysed, consistent with the advice given by the
Council. He added that his organization was fully committed to reducing GHG emissions through a
number of other measures, such as technological improvements, research and development, greater air
traffic management efficiency, to complement emissions trading. He also emphasized efforts to create a
global carbon market, and the numerous projects underway using the Clean Development Mechanism and
the Joint Implementation projects. His views were supported by some members, one of them noting that it
was very important that the guidance document reflect alternatives to the mutual agreement.

2.3.3.13 One member considered that the guidance on emissions trading was a first step on a long
path where difficulties would probably arise. In his view, the current initiative taken in his region to start
implementing an emissions trading system which included aviation, was going in the right direction, and
the measures taken to that effect were reasonable and rational and would enhance the orderly
development of aviation, since they were giving consideration to the particular needs of developing
countries.

2.3.3.14 One observer remarked that it was desirable to apply an emissions trading system in the
context of the widest possible geographical scope if it was to be environmentally efficient. He recalled the
debate earlier in the meeting which had highlighted rising trends in CO, and other greenhouse gas
emissions. Against that background, a mutual agreement approach was not the best solution; it would
furthermore provide for unequal treatment of aircraft operators. He pointed out that the geographic scope
would only be a problem until other regions had implemented their trading schemes. He considered that
when global coverage of trading schemes was achieved, geographic scope would cease to be an issue.

2.3.3.15 One member supported other members and observers who had agreed that the option
described as the “alternative to mutual agreement” must be included in the guidance, as it provided for a
fair and non-discriminatory approach. Inclusion of aviation in an emissions trading scheme on this basis
should not be seen as an anti-aviation measure but should form part of the sector’s sustainable
development. He said that nothing in the Convention on International Civil Aviation or in Assembly
Resolution A35-5 requires that participation of foreign aircraft operators in integrated trading schemes be
subject to the agreement of the States of those aircraft operators.

2.3.3.16 One observer suggested that the present focus on CO, should not discourage the inclusion
of other GHG in the emissions trading schemes; he also recommended that the possibility of granting
carbon credits to operators who reduce their emissions of other GHG should be studied. Another observer
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suggested that the proposed guidance material would benefit significantly from further review, notably
with regard to establishing the inclusion threshold, the implications for non-uniform inclusion thresholds,
the description of operators and the correction of the definition of business aviation contained in the
glossary.

2.3.3.17 In concluding its discussions, the meeting agreed to recommend to the Council' that it
adopt the guidance on emissions trading for aviation that had been prepared by ETTF.

Recommendation 2/3 — Guidance on emissions trading for
aviation

That the Council adopt the guidance on the use of emissions
trading for aviation as contained in Appendix B to the report on
this agenda item and publish it prior to the next Assembly.

2.3.4 Web-based resource on Emissions Trading

2.3.4.1 Complementary to the VETS report and the guidance on emissions trading for aviation,
initial consideration had been given to the establishment of a web-based resource collecting relevant
information on emissions trading experiences. The objective of this resource would be to (a) provide
background information on emissions trading schemes to complement the aviation-specific design
elements in the relevant ICAO guidance, and (b) help to facilitate a broader understanding of emissions
trading within the ICAO community, including the opportunities for voluntary trading initiatives.

2342 Some examples of information that could be included in an ICAO public website on
trading were developed and presented to the meeting. These included a general introduction to the
homepage; relevant ICAO documents; possible links to reference material on emissions trading;
integrated schemes and practical experiences; voluntary trading schemes; and stakeholder and other
reports.

23423 While recognizing that the ICAO public website was an important resource for
disseminating information in an increasingly electronic and global world, a member expressed concerns
on how and what information should be distributed via the website, in particular with the need to provide
a clear distinction between ICAO agreed material and information from other sources. He suggested that a
protocol be developed on how CAEP should use of the ICAO public website to better disseminate
information.

2344 The meeting agreed on the importance of the ICAO public website as a means to
disseminate information and while recognizing that the management of the ICAO public website was a
matter for ICAO, not CAEP, the meeting agreed that there should be disclaimers placed at appropriate
locations every time that a link lead to another website, the content of which were not under ICAQO’s
control. In that respect, use should be made of the existing ICAO guidelines. A proposal to develop a
protocol for the use of the ICAO public website was not supported by the meeting. It was noted that this
meeting had already developed various recommendations to publish material on the website and it was
decided that the Secretariat should continue to manage this resource in accordance with the guidelines in

' During the review of this report (CAEP/7), the Council (C-DEC 180/15) requested that a foreward be developed by the
President of the Council to reflect the views of the Council on this issue. The President’s foreword would, among other things,
indicate that the inclusion of international civil aviation in emissions trading schemes should be on the basis of mutual
agreement.
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force and with resources available. The Secretary invited States and International Organizations to share
information on their experiences with the management of their websites.

2.3.5 Proposed European Legislation to Extend the EU Emission
Trading Scheme to Aviation

2.3.5.1 The European Commission presented to the meeting the latest status of the legislation to
bring aviation within the EU Emission Trading Scheme. It summarized the main features of the proposal
and explained the next steps in the European legislative process.

2352 In September 2005, the European Commission adopted a Communication on reducing the
climate change impact of aviation. Although aviation's share of overall greenhouse gas emissions was still
modest (about 3%), it was felt that the rapid growth in emissions in the sector undermined progress to
reduce emissions made in other sectors and that the combined effect of existing aviation measures would
not be sufficient to offset the growth in aviation emissions. The Communication concluded that including
aviation in the EU Emission Trading Scheme (EU ETS) would be the most cost-efficient and
environmentally effective way.

2353 The legislative proposal to extend the EU ETS to aviation was adopted by the
Commission in December 2006; it was accompanied by a detailed impact assessment. Consistent with
decisions taken at ICAO level an open emissions trading regime was the approach proposed by the
Commission.

2354 The meeting took note of the information provided by the EC Observer but decided not to
open discussion on this subject matter.

24 EMISSIONS CHARGES

2.4.1 Guidance on Aircraft Emissions Charges Related to Local
Air Quality

Background

24.1.1 The 35th Session of the ICAO Assembly had requested that the ICAO Council develop
further guidance on emissions levies related to local air quality (LAQ), while recognizing the continued
validity of the Council’s Resolution of 9 December 1996 on Environmental Charges and Taxes.

24.1.2 At its October 2005 meeting in Montreal, the CAEP Steering Group had established a
new Emissions Charges Task Force to develop guidance for Contracting States on emissions charges

related to LAQ, organizing its work along the following lines:

a) taking account of past experience from States and guidance that had been developed
by ICAO in the field of noise charges;

b) taking inspiration from the concept of the balanced approach used in the noise field;
and

c) taking account of the CAEP Action Plan on Aircraft Engine Emissions.
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Overview of the Guidance
24.1.3 The guidance was composed of five chapters, which are briefly discussed below.

24.14 Chapter 1 is entitled “Scope of Guidance and Application of Existing ICAO Policies on
Charges to Emissions Charges Related to Local Air Quality.” Key among the components of this Chapter
is information on the request by the Assembly to develop further guidance on emissions charges related to
LAQ. As the title of the Chapter suggests, the scope of the guidance is also addressed. The CAEP
Steering Group had confirmed that the ECTF interpretation, that the guidance was to focus only on
emissions charges, was appropriate. In light of this, the guidance assumed (and acknowledged) that a
State (or its delegate) that had chosen to proceed with a local emissions charge on aircraft would have
undertaken an analysis to confirm that such a charge was an appropriate policy measure to address the air
quality situation. In addition, this Chapter contained information that made the distinction between a local
emissions charge and a tax, as well as a discussion of the application of ICAO’s existing policies on
charges in the context of LAQ. These policies pertained to the cost-basis for charges, cost-effective
measures, no fiscal aims, minimizing competitive distortions, transparency, taking stakeholders’ views
into account, developing country considerations and non-discrimination, among others.

2.4.1.5 Chapter 2 addressed the “Process for Implementing Local Emissions Charges.” First, it
acknowledged that implementing charging policies with due regard to ICAO policies and guidance was
the responsibility of ICAO Contracting States, although they may delegate this responsibility to
appropriate authorities. At the same time, the guidance noted that Appendix I of Assembly Resolution
A35-5 recognized in the context of market-based measures that Contracting States have legal obligations,
existing agreements, current laws and established policies. Second, the guidance noted that local
emissions charging schemes should be tailored to the specific characteristics of the airport air quality
situation of concern by means of an airport-by-airport approach. Nonetheless, it recognized that a general
framework may be implemented at State level in order to set up a common methodology for the
implementation of the scheme. Third, Chapter 2 noted that ICAO urges States to institute or oversee an
inclusive and transparent process when adopting and implementing local emissions charges and provides
an overview of the steps in such a process (similar to the process in the balanced approach guidance on
aircraft noise). The detail of this step-by-step approach was given in the remaining chapters of the
guidance.

2.4.1.6 Chapter 3 was entitled “Local Air Quality Assessment”. To develop the content for this
Chapter, the ECTF had been coordinating with Task Group 4 of Working Group 2 (WG2-TG4), which
was preparing guidance on LAQ assessment in the airport vicinity. The ECTF guidance identified and
summarized the relevant steps in such an assessment. It cross-referred to the WG2-TG4 guidance where
possible to avoid duplicating this work.

24.1.7 Chapter 4 was entitled “Designing a Local Emissions Charges Scheme”. Specifically, this
Chapter addressed the steps a State (or its delegate) might take in designing a specific emissions charging
scheme once the LAQ situation and the aircraft contribution to adverse impact had been determined. First,
to enhance consistency, the guidance recommended use of an aircraft emissions classification scheme
incorporating a recognized means of quantifying the amount of emissions emitted by each aircraft during
a landing and takeoff (LTO) cycle. Second, the guidance addressed how the cost-basis may be established
for a specific charge, reflecting the damage, mitigation and/or prevention costs to address the
environmental impact of aircraft engine emissions, to the extent that such costs are properly identified and
directly attributed to air transport. Third, this Chapter discussed the use of funds from LAQ charges levied
on aircraft. Finally, it provided guidance on how the charging level might be set and the ways in which
the various charges might be collected.
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2.4.1.8 Chapter 5 pertained to the administration of emissions charges, particularly with respect
to consultation with relevant stakeholders and States regarding the various facets of emission charges
ranging from their consideration for adoption, implementation, and post implementation activities.
Specifically, the guidance recommended the use of open fora to allow stakeholders a chance to actively
participate in the emissions charges process. Further, it suggested that ICAO be kept informed of LAQ
charges and that those levying such charges keep records regarding the collection of charges and the use
of funds generated. A key benefit of these actions would be enhanced mutual trust from transparency.

Discussion and Conclusions

2419 Some Members reminded the meeting of the specific characteristics of developing
countries, according to which it would be unfair to impose heavy financial burdens on their economies in
view of their limited contribution to global pollution. They also emphasized the importance of ICAO
playing a central role in setting up a uniform system to apply to aviation emissions, while noting that any
imposition of charges or taxes should respect the provisions contained in Articles 15 and 24 of the
Chicago Convention. Finally, priority should be given to adopting a framework to put all emission-related
measures in context. The last point was supported by an observer who emphasized the need for a
framework for emissions measures that addresses the relative role of different measures in aircraft local
air quality emissions management.

24.1.10 This observer was also of the opinion that emissions charges were not appropriate since it
had not been demonstrated that local emission charges were cost effective. The observer also shared the
concern that having guidance solely on charges drew the attention to this particular type of measure
instead of putting it in perspective vis-a-vis other possible measures. Furthermore, the guidance, in his
view, was not fully consistent with ICAO policies as contained in ICAO’s Policies on Charges for
Airports and Air Navigation Service (Doc 9082), which stated that charges should only cover the use of
airports and air navigation services. He also requested that a paragraph in the proposed guidance material
dealing with “internalisation of external costs” be deleted.

24.1.11 A number of opposing views were expressed on this request, since some Members
maintained that the proposed guidance reflected the consensus that had been reached in the ECTF group
that had developed the guidance. In order to avoid too long a discussion on this subject, the meeting
decided to establish a small drafting group who after discussion developed a compromise solution
according to which the sentence in paragraph 4.3.3 of the proposed guidance starting with “In line with
the cost basis discussion ...” until “local air quality problem” in alinea b) would be deleted and replaced
with: “Local emissions charges can address the costs mentioned in paragraph 4.3.1 above in line with the
policies and principles described in chapter 1”. The meeting adopted this proposal.

2.4.1.12 Turning to the appendix where the proposed policy text to be inserted in Doc 9082 was
presented, a Member proposed that the first paragraph of 1 i) be amended by inserting “directly
attributable” before “damage caused by the aircraft”; he also suggested that the whole process should be
entirely transparent to all stakeholders involved and proposed to add at the end of the last sentence of
paragraph 1 viii) the following words: “to be made available to all users”, the two proposals were
accepted by the meeting.

24.1.13 The meeting agreed to recommend to the ICAO Council that it adopt the guidance
elaborated by the ECTF group, subject to amendments made during the meeting, and that it adopt the
proposed text for insertion into ICAO Doc 9082, subject to amendments made during the meeting as well.
It also confirmed the ECTF recommendation with respect to the publication of the guidance material in a
stand-alone document, and policy text in Doc 9082.
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Recommendation 2/4 — Guidance on local emissions charges

That the Council adopt the guidance on local air quality
emissions charges as contained in Appendix C to the report on
this agenda item and publish it prior to the next Assembly.

Recommendation 2/5 — Policy on local air quality emissions
charges

That the policy text relating to local air quality emissions charges
as contained in Appendix D to the report on this agenda item be
inserted appropriately in ICAQO’s Policies on Charges for
Airports and Air Navigation Services (Doc 9082) as soon as
possible.

2.4.2 Cost-Effectiveness of Local Air Quality Charges Study
Background and Overview of Study

2421 The Council had tasked the FESG to study the effectiveness of emission levies related to
local air quality. The focus adopted had been on NOy emissions at two airports - Zurich in Switzerland
and Stockholm in Sweden — which had had aircraft emission charges in place since the late 1990s. Local
emission dispersion, health effects, and relative importance of air transport emissions, had been outside
the scope of the analysis. The analysis had not considered the relative contributions of the different
sources of emission nor the political and legal obligations in place justifying the introduction of the
charge.

2422 Due to time constraints, the FESG had had to limit the scope of the analysis limited to
NO, emissions from aviation only, excluding all other emissions at the airport or its vicinity. The
analytical framework developed by the FESG for this type of analysis had also had to be adjusted due to
the data limitations.

2423 Ideally, the analytical framework should allow determination of the change (reduction) in
NO, emissions and isolate the reductions attributable to the introduction of the charge; establish the costs
of mitigation measures introduced by airlines in response to the charge, by airports funded out of the
revenues from the charge and for the administration of the charge; and establish the relative cost-
effectiveness of the charge. Once again, the analytical approach had had to accommodate practical
limitations (e.g. data). The terms and conditions of the charges introduced had been important in defining
the data needed and requested.

2424 The costs to airlines (individually and as a whole) of the charge had to be based on the
relationship between the change in emissions volumes, the changes in operations (at the airports with
emission charges), and the charge itself. Changes in the volumes of emissions at the airports with the
charge, compared with changes at other airports without a charge, with due considerations to the “time”
factor, were relevant to the relationship question, as well as the “revenue neutrality” feature of the charges
at the two airports.



Report on Agenda Item 2 2-13

2.4.3  Conclusions of the FESG Study

2.43.1 Aviation contribution to the air quality problems around airports, in general, was
relatively limited and depended on the size of the area considered. The following conclusions had been
drawn from the analysis conducted.

a)

b)

9)

d)

Depending on the size of the catchment area considered, aviation, in general, had a
relatively limited contribution to the air quality problems around airports. However in
countries like Sweden and Switzerland, there were political forces and/or legal
rulings that weighed in the decision to include aviation into emission reduction
targets;

The impact of the charge on NO, emissions directly attributable to the charge was
found to be, at best, marginal. The shift observed to aircraft with better NO,
technology at Zurich and Stockholm airports, had also been observed at other
comparable airports in Europe;

An analysis of direct operating cost figures from one airline for different aircraft
types showed that the level of the charge applied at the two airports had not been
high enough to create an incentive for the operators to change their operations and/or
their fleet purchase plans. How much higher the charge would have had to be and/or
at how many airports within a broad region of the globe it would have had to be
applied to have an influence on airlines behaviour, was not assessed;

Studying the changes in costs due to the charge for the different aircraft/engine
combinations in Zurich had shown winners (use of aircraft with landing fees less than
before the introduction of the charge) and losers (use of aircraft with landing fees
higher than before the introduction of the charge). The analysis showed that operators
serving Zurich, as a whole, had benefited from an overall net airport charge/fee
reduction since the second year of the introduction of the NO, charge. Due to some
Swedish data limitations, the same assessment had not been possible for Stockholm;

Assessment of the impact of the charge on developing country airlines showed that
the number of movements by these airlines had been relatively small. Only
developing country operators with minimal operations at these airports operated older
aircraft and faced increased landing fees; those with more significant operations, like
developed country operators, had operated more modern and less emitting aircraft.
Consequently the effect of the charge on developing country carriers had been
marginal;

The additional NOy-reduction measures at Zurich airport that were said to have been
paid out from the proceeds of the NOy charge, had been assessed on their possible
additional NO, emission reduction benefits. Although some of these measures had
fallen within the ICAO definition of being cost-related, they had not been generating
additional NO, reductions. For one measure, the information available had permitted
some minimal assessment of its cost-effectiveness. The costs of this measure had
been paid out of the revenues of the NO, charge, although the overall proceeds of the
charge had been negative. However judging the measure by itself its effectiveness in
terms of costs had been low, although still within the range of other NO; reduction
measures.
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2432 Overall, the FESG analytical work on the cost-effectiveness of the NOy charges has
shown that the impact on NO, emissions directly attributable to the charge had been marginal at Zurich
and Stockholm airports, while at the same time the overall additional costs to the airlines from the
introduction of the charge at Zurich were negative. In light of the limitations of the analysis conducted, a
definite inference on the cost/effectiveness of local air quality charges could not be made.

2.4.4 Discussion and Conclusions

2441 Members and observers congratulated the FESG for completing the analysis despite the
numerous constraints and difficulties encountered.

2442 One member noted that the report had concluded that the impact of the NO, emission
charges was marginal and enquired about how this conclusion could be drawn from an analysis which
focussed mainly on one airport (Zurich airport). In response, it was noted that the reason for focussing on
one of the airports was that the data provided by the two airports had different levels of detail and that the
FESG thought that the conclusion was valid for both airports.

2443 With respect to the analysis of the impact on developing countries, one member
mentioned that he found the conclusion according to which the introduction of the NO, emission charges
did not have an impact on air carriers from developing countries was too strong a statement. He suggested
that the analysis could have been enhanced, for instance, by the comparison of the share of developing
countries in the revenues from the NOx emission charges to their share in the total number of aircraft
movements. He also suggested that if the main impediment to the analysis was data confidentiality, then
its results could be improved significantly if operators were willing to share confidential data. It was
agreed to invite operators to study the possibility of sharing the necessary confidential data in this regard.

2444 One observer noted that the results of this analysis should not come as a surprise to
anyone since they were consistent with those of other studies showing that emission charges in general
were not cost-effective. He suggested that this was the right time for CAEP also to come to this
conclusion.

2445 One observer noted that the results of this study should be considered while keeping in
mind that it only covered two airports and that the study might capture the global scope of effectiveness
but that the local specifics were lost. He added that two important local elements were not included in the
analysis. The first element was related to the non-emission benefits such as political acceptance since the
approval of the airport infrastructure extension at Zurich was conditional on the introduction of the
charge. The second element related to the benefits resulting from the avoided NO, emissions. He
suggested that Swissair, the air carrier based at Zurich airport at the time, anticipating strong air traffic
growth, had launched a programme to replace its MD80 aircraft fleet with less polluting aircraft and
invested heavily in new technology which had resulted in the avoidance of 10% of the total NOy
emissions at the airport. These two major benefits were not factored in. In reaction, one member noted
that the 35" Session of the ICAO Assembly had requested the conduct of a cost-effectiveness analysis and
not a political-effectiveness analysis and that political factors were rightly excluded.

244.6 One member noted that the results of the analysis were not affirmative and that it did not
cover all aspects related to emission charges. In particular, manufacturers design changes in response to
the possibility of such charges were not covered in the FESG study while the LTTG report showed that
manufacturers are responding to increasing environmental concerns. In response, it was noted that before
including any factor in the cost-effectiveness analysis, the causality aspect had to be proven and that the
FESG did not find any evidence of causality between the introduction of the NO, emission charges and a
possible airlines’ behaviour response.
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2.4.4.7 A member noted that while the reason mentioned in previous meetings for the
introduction of the emissions charges was to provide an incentive to change the fleet mix, this report
showed that this link could not be found. In reaction, another member noted that while the analysis did
not find a link between the introduction of the NO, emission charges and the change in the fleet mix, that
did not mean that there was no link. He suggested endorsing the report while recognising that it had
several caveats.

2448 One member asked whether the analysis took into consideration the requirement that a
particular charge or fee should be commensurate with the service rendered as stated in Article 15 of the
Chicago Convention and other international conventions. It was noted that the analysis has considered
ICAO’s policy on charges. It was also noted that this question related more to the guidance material on
emission charges than to the cost-effectiveness analysis.

2.4.49 Two members noted that this report proved how difficult it was to study the
internalisation of external costs and that this should be reflected in the report to ICAO Council.

24.4.10 After discussion, the meeting accepted the conclusions drawn from the analysis on the
cost-effectiveness of local air quality charges while recognizing that there were limitations in the data
available.

2.5 ACI POLICY PAPER ON CLIMATE CHANGE

2.5.1 Airports Council International presented a policy paper on climate change issues to the
meeting, in which it stressed that aviation should address its climate change impacts at a global level. To
that effect a long-term strategy is necessary. ACI supports both the initiatives that airports can take to
reduce greenhouse gas emissions within their direct control and recognises that in certain regions, due to
political and public pressures, a more active action may be taken, such as emissions trading. ACI supports
regional solutions to climate change impacts as an interim step to a global solution and also supports
airport specific solutions.

2.5.2 The meeting took note of this position paper.
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CHAPTER 1 VOLUNTARY EMISSIONS TRADING CONCEPTS
1.1 Introduction

1.1.1  Discussions in ICAO CAEP

In evaluating alternative approaches to addressing aviation’s impact on the global climate, ICAO CAEP
concluded that, relative to other market-based measures, an emissions-trading system would be a cost-
effective measure to limit or reduce CO, emitted by civil aviation in the long term, provided that the
system is an open one across economic sectors.'

The 33rd ICAO Assembly (2001) endorsed the “development of an open emissions trading system for
international aviation” and “requested the Council to develop as a matter of priority the guidelines for
open emissions trading for international aviation, focusing on establishing the structural and legal basis
for aviation's participation in an open trading system, and including key elements such as reporting,
monitoring, and compliance, while providing flexibility to the maximum extent possible consistent with
the UNFCCC process."

Subsequently, at its 35" Assembly (2004), ICAO endorsed the “further development of an open emissions
trading system for international aviation” and requested the Council, in its further work on this subject, to
focus on two approaches, namely to “support the development of a voluntary trading system that
interested Contracting States and international organizations might propose” and to “provide guidance for
use by Contracting States, as appropriate, to incorporate emissions from international aviation into
Contracting States' emissions trading schemes consistent with the UNFCCC process”.

Under both approaches, the Council was instructed to ensure that the guidelines for an open emissions
trading system address the structural and legal basis for aviation's participation in an open emissions
trading system, including for example key elements such as reporting, monitoring and compliance.

This report has been developed for CAEP by the Emissions Trading Task Force in response to the request
to the Council to support the development of a voluntary trading system that interested Contracting States
and international organisations might propose.

1.1.2  Aviation’s role in the global economy

Aviation plays a vital role in facilitating economic growth, particularly in developing countries. It
provides the only worldwide transportation network, and transports about 2 billion passengers annually,
as well as 40% of interregional exports of goods (by value). According to industry sources’, its global
economic impact is estimated at US$ 2,960 billion (equivalent to 8% of world Gross Domestic Product
(GDP)) while generating a total of 29 million jobs globally.

The demand for air transport has increased steadily over the years. Passenger numbers have grown by
45% over the last decade and have more than doubled since the mid-1980s. Freight traffic has increased
even more rapidly, by over 80% on a tonne-kilometre performed basis over the last decade and almost
three-fold since the mid-1980s.

! “Market-Based Measures:” Report from Working Group 5 to the fifth meeting of the Committee on Aviation Environmental
Protection. CAEP/5-1P/22. 5/01/01.
2 ATAG (2005) Economic Benefits of Air Transport
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1.1.3  Climate impact

Inclusion of aviation in an emissions trading system would require a decision regarding aviation
emissions to be covered by the scheme.

The primary direct greenhouse gas emissions of aircraft are carbon dioxide (CO,) and water vapour
(H,0). Other emissions are oxides of nitrogen (NOy), particles containing sulphur oxides (SOy) and soot.
The total amount of aviation fuel burned, as well as the total emissions of carbon dioxide, NOx, and water
vapour by aircraft, are well known relative to other parameters such as aerosols. These gases and particles
alter the concentration of ozone (O;) and methane (CH,), may trigger formation of condensation trails
(contrails), and may increase cirrus cloudiness — all of which may contribute to climate change.

According to estimates produced in the IPCC aviation report (1999), the overall radiative forcing from
aircraft effects (excluding that from changes in cirrus clouds) in 1992 was a factor of 2.7 larger than the
forcing by aircraft carbon dioxide alone.” The IPCC concluded that there were varying levels of
scientific understanding (e.g. ranging from “very poor” in the case of cirrus to “good” for CO,*
associated with these effects. Further research into such non-CO, effects is ongoing, and IPCC is
expected to provide an update in its fourth assessment report due in 2007. These radiative forcings
represent the best estimate of the effects of aviation on climate for the reported year, i.e. 1992. However,
for aviation’s past, present or future emissions, the radiative forcing index should not be used to derive
relationships between emissions and marginal changes in climate, as the Global Warming Potential
(GWP) is intended to do.

The Global Warming Potential (GWP) metric was developed by the IPCC, to compare the climate
impacts of changes on emissions of long lived well mixed gases to that of CO, over a specific time
horizon. It is used by the UNFCCC process in establishing emissions equivalencies for emissions
reduction targets and activities. CO, impacts from aviation are the longest lived and most well defined
and are readily defined in terms of GWP. Formulating GWPs from non-CO, effects from aviation has
conceptual difficulties and the IPCC (1999) stated that such GWPs were not adequate to describe the
climate impacts of aviation (see IPCC, 1999 Chapter 6 section 6.2.2).

For further information on emissions from the aviation sector please refer to the most current IPCC
Assessment Report and the IPCC Special Report on Aviation and the Global Atmosphere.

1.1.4 International regulatory framework

The United Nations Framework Convention on Climate Change (UNFCCC), adopted at the Rio Earth
Summit in 1992, aims to stabilize greenhouse gas concentrations in the global atmosphere. Under the
UNFCCC, industrialized countries (named “Annex I Parties”) shall adopt national policies and take
corresponding measures on the mitigation of climate change by limiting its greenhouse gas emissions.

The UNFCCC is supplemented by the Kyoto Protocol of December 1997 which requires participating
Annex I Parties to reduce their overall emissions of greenhouse gases by at least 5% below 1990 levels in
the period 2008-2012, in accordance with the quantified emissions limitation/reduction commitments
(QELRC ) as assigned to each of them individually in Annex B of the Protocol.

3 The so-called RFI or radiative forcing index, is defined by the IPCC 1999 report as the sum of all the forcings divided by the
CO, forcing (chapter 6 paragraph 6.2.3)

* For further details see the 1999 IPCC Special report on Aviation and the Global Atmosphere and the 2001 IPCC Third
Assessment Report (TAR).
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Parties’ commitments under the Kyoto Protocol include emissions from domestic aviation, but emissions
from international flights are not currently included. Article 2.2 of the Protocol states that “[TThe Parties
included in Annex I shall pursue limitation or reduction of emissions of greenhouse gases (...) from
aviation and marine bunker fuels, working through the International Civil Aviation Organization and the
International Maritime Organization, respectively”.

Although non-Annex I Parties have no quantified obligations under the Kyoto Protocol, all Parties to the
UNFCCC are called upon to take mitigation and adaptation measures, within the confines of their
respective capabilities .

Voluntary participation in emissions trading schemes is equally relevant to Annex I and non-Annex I
Parties and may be considered as a cost-effective complement to technology transfer and other
mechanisms to reduce fuel consumption and increase resource efficiency.

1.2 Voluntary emissions trading explained

1.2.1 Rationale behind emissions trading

Emissions trading is a market-based policy tool that can be used to promote economic efficiency in
achieving environmental goals. By harnessing market forces, emissions trading regimes can create
incentives for economic agents to discover and implement cost-effective approaches to complying with
environmental targets.

The basic argument for using emissions trading as an environmental policy tool relates to the potential
costs saving a trading system can generate relative to a conventional command and control approach. In
particular, when regulated entities are allowed to buy and sell emission instruments, market forces can
create an incentive for firms with relatively low-cost emission reduction options to reduce their emissions
by more than needed to satisfy their regulatory requirements.

These entities are then able to sell surplus emission instruments to other regulated firms that are faced
with relatively high-cost emission control options. The opportunity to sell surplus emission instruments
can create incentives for cost-effective compliance with environmental targets. As a result, incorporating
an emissions trading system into an environmental policy can mean that the same level of environmental
protection can be achieved at a lower overall cost. Care must be taken, however, that the savings in
mitigation costs across all participants are large enough to more than offset the combined administrative
and transactions costs.

1.2.2  Description of voluntary emissions trading

Various interpretations exist as to what is meant by voluntary emissions trading and specifically what is
meant by the term ‘voluntary’. According to the Organisation for Economic Co-operation and
Development (OECD), for example, there are many different examples of voluntary initiatives, ranging
from unilateral actions at the company level to negotiated agreements between governments and sectors °.
The OECD also points to different ways in which voluntary programmes can be combined with other
measures such as taxes (most commonly involving some exemption), subsidies or standards. In practice,
many voluntary agreements are in fact combined with some sort of incentive measure.

> See Article 4 UNFCCC
6 See OECD (2003) Voluntary approaches for environmental policy- effectiveness, efficiency and usage in policy mixes, and
OECD (1999) Voluntary Approaches for environment policy: an assessment, OECD, Paris
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This report defines a voluntary trading scheme as any scheme in which participation is not made
mandatory by a State. Schemes that involve some kind of government incentive for companies to
participate therefore also fall under this definition.

For the purpose of this report, voluntary emissions trading for international aviation is considered to be
one of the following:

1. a group of airlines decides to create its own ETS;

For example, airline alliance partners set up an ETS among themselves. This would be a sectoral trading
system that could be designed in a way that would allow participants to purchase offsets outside the
scheme in order to keep costs down.

2. the airline sector creates a new ETS together with other sectors

For example, members of a national air transport association get together with the national electricity
companies and agricultural sector to establish and participate in a national emissions trading scheme.

3. an airline/a group of airlines decides to unilaterally join an existing ETS

a) run by own government
b) run by other government(s)
¢) run by a commercial entity

For example, as part of national efforts to drive technology efficiency and reduce emissions, a group of
national airlines choose to participate in a trading scheme a) administered by its own government; or b)
run in a neighboring State; or c¢) run by an independent trading platform.

Under these scenarios, the money paid by those buying allowances helps to finance the development
and/or implementation of CO, control measures by others who are selling the allowances. In addition to
these options, more direct mechanisms may also be considered, for example:

4. an airline/a group of airlines decides to compensate for carbon emissions by using an
offset mechanism

a) run by the airline(s) itself (possibly as an option for passengers/customers)
b) run by an independent service provider.

In this case, money is usually paid into a fund that sponsors specific projects to reduce or avoid emissions
from sources or remove emissions from the atmosphere through so-called sink projects. An example
would be an airline that sets aside a small amount per ticket sold to fund climate mitigation projects. Such
offset programmes, if only triggered by passengers or customers, may not result in the reduction of a
predefined quantity of emissions.

1.2.3  Key considerations
A number of considerations are key in designing a workable and credible voluntary trading scheme.
These include:

- Environmental results—how stringent are the environmental targets, with what degree
of certainty are these results achieved, how likely are entities to participate and how
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broad is the emissions coverage under the agreement, and what factors might undermine
achieving the environmental results .

Flexibility—does the approach offer sufficient flexibility to ensure environmental
benefits while allowing for economic growth within the sector and does it enable
participants to take those actions that will most effectively reduce emissions and to
encourage innovation in emissions reduction;

Administrative & transaction costs—how costly will requirements of the system be for
the central administrative body and other entities (incl. the government) to administer and
enforce, and how expensive will it be for entities to participate in the broad range of
activities (such as monitoring and verification, reporting, and trading).

Transparency—how complex will the administration of the scheme be, how complex
will it be for entities to participate in the scheme (incl. monitoring, verification, reporting
and trading) and how transparent will the scheme be for third party stakeholders;

Overall cost and cost-effectiveness—does the option have adverse effects on the cost-
effectiveness (i.e., the cost per tonne of CO, reduced) of control, or on overall control
costs (i.e., the total costs of abatement plus purchase/sale of emission allowances and/or
credits) for the aviation sector (domestic or international).

Competitiveness—how will the design of a trading scheme affect the competitive
positions of participants and non-participants within the aviation sector, and between
aviation and other transportation modes.

Interactions with other mitigation options—what types of issues arise regarding
compatibility or conflicts with other policy instruments (standards, taxes, charges, other
trading schemes, etc.) that exist or are being considered to address greenhouse gas
emissions from aviation. Measures should not detract from other efforts to improve
overall environmental performance.

Political acceptability—how will the trading scheme be viewed by the relevant
stakeholders, including airlines and other industry actors that have an influence on
aviation emissions but are not direct participants in the agreement (e.g. engine
manufacturers, air traffic controllers), governmental and non-governmental bodies, etc.

1.2.4  Opportunities for airlines created by voluntary emissions trading
There are a number of reasons why voluntary emissions trading schemes may provide a helpful option for
addressing aviation emissions, particularly from international flights.

1.2.4.1 Flexibility

Voluntary trading schemes are not necessarily constrained by the framework of international agreements.
This could allow early action under a voluntary framework while discussions on a possible mandatory
approach are ongoing. It could also allow action that is broadly inclusive.

" OECD assessment of voluntary initiatives in environmental policy concludes that their environmental effectiveness and
economic efficiency is generally low compared to other approaches, but when measured against other criteria (so called ‘soft’
criteria) such as awareness raising they have been seen to have a very important role. See supra note 7
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1.2.4.2 Cost containment

Successful voluntary measures can help to minimise costs, especially compared with the perceived cost of
regulatory actions. As the action that needs to be taken to achieve a reduction target becomes more costly
— approaching the cost of potential “command and control” regulations — the incentive to pursue
voluntary trading diminishes. Therefore, successful voluntary measures should be cost-effective and have
low administrative and transactions costs.

1.2.4.3 Competitiveness

Voluntary trading has potential to attract broad geographic participation by States and airlines. If the
system attracts broad geographic participation, and since airlines are unlikely to join if they anticipate
doing so will significantly hamper their ability to compete, competitive impacts are likely to be small.

1.2.4.4 Learning by doing

For companies not involved in mandatory trading schemes, a key benefit of voluntary trading might
derive from “learning-by-doing” and from “institutional capacity building” within the airline sector.
Starting out with a voluntary trading regime offers the important advantage of allowing participants the
opportunity to develop skills and learn trading strategies that may be useful as emissions trading develops
in the future. Voluntary emissions trading can be a step toward demonstrating to governments and the
public that global warming concerns are being addressed responsibly.

The next chapter describes some examples of voluntary emissions trading schemes for greenhouse gases
in which aviation participates or could participate.

CHAPTER 2 EXISTING VOLUNTARY EMISSIONS TRADING SCHEMES

At the present time there are only a handful of examples around the world of voluntary emissions trading
schemes for greenhouse gases. Only one of these trading schemes has included the activities of an airline
operator. Other types of schemes involve voluntary financial contributions by airline passengers to fund
carbon dioxide emissions offset projects. While the overall contribution of these schemes to global
emissions reduction is small at present, the potential exists for this contribution to multiply over time if
more schemes are developed.

This chapter summarises the key elements of the following voluntary schemes:
¢ United Kingdom Emissions Trading Scheme;

e Japanese Voluntary Emissions Trading Scheme;

® Chicago Climate Exchange (with reference to the European Climate Exchange and
the Montreal Climate Exchange);

e Asia Carbon Exchange; and

e  Voluntary Carbon Offset Schemes.
2.1 UK Emissions Trading Scheme (UK ETS)

2.1.1  Overview

The UK ETS for greenhouse gases was launched by the Government in April 2002 as part of a wider
range of measures in the UK designed to reduce greenhouse gas emissions under the UK Climate Change
Programme. At the launch, it was claimed to be the world’s first economy-wide greenhouse gas trading
system.

A range of organisations, including British Airways as the only airline operator (domestic operations
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only), voluntarily undertook to reduce their emission of carbon dioxide equivalent (CO,e) to below set
targets. In return, these organisations receive incentive payments totalling £215 million from the
Government. Over the lifetime of the scheme (2002-2006), almost 12 million tonnes of CO,e emissions
releases will have been avoided. Options for the future of the scheme beyond 2006 are currently being
considered by the Government.

The scheme is also open to the companies with Climate Change Agreements with the Government. These
negotiated agreements set energy-related targets and companies meeting their targets receive an 80%
discount from the Climate Change Levy, a tax on the business use of energy. These companies can use
the scheme either to buy allowances to meet their targets, or to sell any over-achievement of these targets.
In addition, anyone can open an account on the registry to buy and sell allowances.

It was reported that over the first three years (2002 - 2004), the scheme delivered emissions reductions
totalling 5.9 million tonnes of COze.

2.1.2 Participants and incentives
Entry into the scheme is voluntary and open to all individuals or organisations in the UK. There are two
principal types of participants - Direct Participants and Agreement Participants.

Direct Participants are organisations that agreed to take on voluntary targets for a five-year period, 2002-
2006, in exchange for financial incentives provided by the Government. Thirty-three such organisations,
including British Airways, committed to reduce their annual emissions against 1998-2000 levels by
3.96 million tonnes of CO,e by the end of the scheme in 2006. In addition to fulfilling the total annual
reduction target by 2006, Direct Participants had to comply with interim targets for years 2002-2005.
Each year, the reduction target was increased by one-fifth of the overall (2006) target. As a result, the
original commitment made by Direct Participants equates to delivering 11.88 (that is,
(1/5+42/5+3/5+4/5+5/5) x 3.96) million tonnes of CO,e worth of cumulative emissions releases avoided
over the lifetime of the scheme.

As an incentive, the Direct Participants receive a total of £215 million in payments from the Government
over 5 years or approximately £43 million (£30 million after tax) per year. The level of incentive payment
and the associated targets for each Direct Participant were set through a competitive bidding process.

Agreement Participants are those 6000 companies which already had emission or energy targets set
through Climate Change Agreements with the Government. Companies meeting these targets receive an
80 per cent discount from the Climate Change Levy, which is a tax on the business use of energy. These
companies can use the scheme either to buy allowances to meet their targets, or to sell any over-
achievement of these targets.

In addition to these participants, the UK ETS allows other parties to participate in the scheme as traders
without compliance commitments.

2.1.3 Identifying emissions sources and calculating a Baseline
The Baseline for each Direct Participant was calculated on the basis of historic emission levels and was
generally the average annual emissions in the three years up to and including 2000.

The Baseline was made up of emissions from individual sources, which Direct Participants had to list by
way of an approved protocol. The total emissions calculated using the approved protocol formed the
Baseline expressed in tonnes of carbon dioxide equivalent (tCO,e). Emissions included both direct
emissions such as those from fossil fuel combustion or other industrial processes, and indirect emissions
associated with energy use.
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The Scheme makes provision for adjustments to the Baseline to take account of changes in the structure
or operations of a Direct Participant.

2.1.4  Allocation of allowances

For Direct Participants, a ‘descending clock’ auction was used to allocate the incentive money and the
associated targets for emission reductions. Auction participants bid amounts of emission reductions in
response to prices for tCO,e announced by the Department for the Environment, Food & Rural Affairs
(DEFRA), starting at a nominal £100. Companies submitted new bids in response to successively lower
prices for tCO,e until the total incentive payment implied was no more than the incentive budget of £215
million. This process gave a final price of £53.73 per tCO,e reduction in 2006.

Because participants are required to make progressively larger reductions in each year of the Scheme, the
2006 reductions relative to the Baseline represent one-third of the cumulative total reductions from 2002-
2006. The final price of £53.73 therefore corresponds to £17.79 per tCO,e of cumulative reductions over
the life of the Scheme, or £12.45 per reduction tCO,e net of the maximum corporation tax due on the
incentive payments.

The thirty-three Direct Participants pledged emissions reductions totalling 3.96 million tCO,e in 2006,
which is equivalent to 11.88 million tCO,e of cumulative emissions releases avoided in total over the life
of the Scheme. The 2006 target corresponded to a 13 per cent reduction from verified baseline emissions.

Direct Participants are subject to a ‘cap and trade’ emissions trading system. They are allocated
allowances equal to the target for each year, provided they have been in compliance in the previous year.
At the end of each compliance year, Direct Participants must reconcile their verified emissions against
their allowances and undertake any further trading necessary to meet their target.

Companies entering the Scheme through the Climate Change Agreements participate in a ‘baseline and
credit’ trading system. They do not receive allowances up front. At the end of each year in which they
have targets, they receive allowances if they have beaten their target, or they are able to buy additional
allowances if they have not beaten their target.

2.1.5 Trading of allowances

A computerised registry is the centralised means of managing all transactions. Anyone wanting to hold,
buy or sell allowances or credits must have an account in the registry. The registry records all allowance
holdings and tracks allowances from their initial allocation through all transfers of ownership until final
cancellation or retirement.

Anyone holding an account in the registry is allowed to buy and sell allowances. Participants in the
scheme are able to trade directly between themselves or through third party brokers.

2.1.6  Reporting, verification and compliance

At the end of each compliance period (calendar years for Direct Participants and every two years for
Agreement Participants), target holders must report their emissions over that period. All target holders
must ensure that they either hold sufficient allowances to cover their verified emissions (for Direct
Participants), or that they hold sufficient allowances to cover any emissions or energy use in excess of
their target (for Agreement Participants).

A three-month reconciliation period is allowed following each compliance period to enable participants to
continue trading if required before a final deadline. After this, the Government checks the total holdings
in each participant’s account and all allowances needed to cover emissions over the preceding year are
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retired. Any allowances that remain can be banked for future use or sold.

Penalty provisions apply for non-compliance which are intended to be sufficiently strong to ensure the
scheme operates effectively but not disproportionate for a voluntary scheme. For Direct Participants
penalties can include financial penalties, non-payment of the financial incentive and a reduction in the
number of allowances for the next compliance period. There is also the option for the Government to
publicly list those Direct Participants who fail to hold sufficient allowances at the end of the
reconciliation period. For Agreement Participants, the penalty is the removal of the 80 per cent discount
on the Climate Change Levy.

2.1.7 Results

To date, British Airways has operated successfully within the UK ETS, meeting the reporting and
verification requirements of the scheme, and keeping within its agreed emissions cap. Successful
participation has been greatly helped by agreeing a protocol with the UK government, which deals with
the key issues of monitoring and measuring emissions from mobile sources.

British Airways reports that participation in the UK ETS has brought valuable experience of operating
with an emissions trading scheme. In addition to making cuts in CO, emissions and associated energy
costs, the scheme has led to improvement in data accuracy and energy management information in a
number of areas of operation.

The airline also cites a number of strategic benefits from participation in the scheme:

e Exposure to the concept within the business by taking into account the price of
carbon in network planning decisions within its domestic network and integrating
emissions trading into fuel hedging and financial management activities;

® Gaining experience of the processes and strategic implications, including the
reporting of verifiable emissions data and credit trading; and

e Demonstration that emissions trading is a deliverable and practical policy tool for
managing air transport emissions.

2.2 Japan’s Voluntary Emissions Trading Scheme

2.2.1 Overview

In May 2005, the Ministry of the Environment launched Japan’s Voluntary Emissions Trading Scheme
(JVETS). Under the scheme, the Ministry subsidises the installation of emissions reduction equipment for
selected participants who make a commitment to specific reductions in their CO, emissions. The scheme
also allows these participants to trade CO, emission quotas to meet their reduction targets. The total
emissions reductions for fiscal year (FY) 2006 are forecast to be almost 0.28 million tCO,, while the total
reduction over the officially-recognised service life of the subsidised equipment is calculated at about 3.8
million tCO,

The main purpose of the scheme is to achieve a cost-effective and substantial reduction in greenhouse gas
emissions and to accumulate knowledge and experience relating to domestic CO, emissions trading.

A graphic illustration of the scheme is provided in Appendix A to this report.

2.2.2 Participants and incentives
An open invitation was made to private companies and other appropriate groups in Japan to participate in
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the JVETS. Of the 38 entities that applied, 34 companies and corporate groups were selected to
participate based on the cost effectiveness of their emissions reduction proposals. In return for adopting
specific emissions reduction targets, these 34 participants became eligible for Government subsidies for
the installation of the emissions reduction equipment. Subsidies were only available for new facilities to
improve energy efficiency or to promote renewable energy leading to greenhouse emissions reduction.
The subsidies were capped at one third of the cost involved for each participant. The total Government
budget for the subsidies is about 2.6 billion yen (about US$23.6 million).

The scheme provides for trading by the participants as required to meet their emissions reduction targets.
There is also provision for ‘trading participants’ who will be able to operate trading accounts but who will
not be eligible for subsidies or the allocation of allowances. Eight companies were selected as trading
participants.

2.2.3 Calculating baseline emissions and emission reductions

The calculation of baseline emissions for each participant is based on their average annual CO, emissions
between 2002 and 2004. For the 34 participants involved this equates to a total of over 1.3 million tCO,.
The total emissions reductions promised by the individual companies for FY2006 is almost 0.28 million
tCO,, or 21 per cent of their average annual CO, emissions in the base years. The total reduction over the
officially recognised service life of the subsidised equipment is calculated at about 3.8 million tCO,,

Participants received subsidies for new facilities and their installation during FY2005. The new facilities
were to be set-up before the end of FY2005 (end March 2006) and the calculation of base year emissions
also had to be completed by October 2005.

Base year emissions for all participants were verified by a Ministry accredited verification entity.

2.2.4  Allocation of allowances

The Ministry of the Environment allocated emissions quotas based on the results of the base years
verification process. The allocations for each participant was the average emissions for the base years
minus the estimated or pledged emission amount for FY2006.

2.2.5 Trading allowances

Throughout FY2006, participants will implement their CO, reduction projects using the newly installed
equipment. Participants will be able to trade their allowance throughout FY2006 which finishes at the end
of March 2007. At that time, actual greenhouse gas emissions will be calculated and verified. A final
trading period of about one week will be allowed for participants to trade allowances again if necessary.
By June 2007, participants will need to retire allowances in the registry.

2.2.6  Reporting, verification and compliance
At the completion of FY2006, participants will have the period April to June 2007 to calculate their actual
emissions for FY2006 and to submit the results to the third party entity for verification. The Ministry of
the Environment will fund the cost of verification.

Participants will be non-compliant if they cannot retire sufficient allowances corresponding to the actual
amount of their emissions. In the case of non-compliance, the participant must return the subsidy received
to the Ministry for the Environment.

2.2.7 Results

The total emissions reductions for FY2006 are forecast to be 276,380 tCO,, while the total reduction over
the officially recognised service life of the subsidised equipment is calculated at about 3.8 million tCO,,
Final results for FY2006 were not available at the time of this report.
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2.2.8  Remarks

The Ministry of the Environment selected 61 companies and corporate groups as subsidised participants
for the second period of JVETS. The total emissions reductions are estimated to be 229,405 tCO, for
FY2007 while the total reduction over the officially recognised service life of the subsidised equipment is
calculated as 2.8 million tCO,.

2.3 Chicago Climate Exchange (CCX)

2.3.1 Overview

The Chicago Climate Exchange (CCX) is a voluntary, legally binding, greenhouse gas emissions registry,
reduction and trading system for emission sources and offset projects in the United States, Canada,
Mexico, Brazil and worldwide. The development of the CCX was initiated through a feasibility study
funded by a grant from the Chicago-based Joyce Foundation. A subsequent grant was given to initiate
research on market implementation.

CCX is a self-regulatory, rules-based exchange designed and governed by CCX members. Members make
a voluntary but legally binding commitment to reduce their emissions of greenhouse gases. By the end of
Phase I (December 2006) all Members will have reduced direct emissions by four per cent below the
average of their 1998-2001 baseline. Phase II, which extends the CCX reduction program through to
2010 will require all members to reduce greenhouse gas emissions by six per cent below the baseline.

Continuous electronic trading of greenhouse gas emission allowances and offsets began on 12 December
2003. CCX reduction commitments and trading apply for years 2003-2010. With a total emission baseline
of about 231 million tCO,e for 2006, the CCX program aims to achieve a total emissions reduction of
over 9 million tCO,e (4 per cent) by the end of Phase I in December 2006. Actual emissions reductions by
the end of the 2004 compliance year were over 32 million tCO,e, which was substantially better than the
target for that year.

The CCX market price in October 2006 for CO, was about US$4 per tonne. The price has risen from
around US$0.98 in December 2003 and reached a high of US$5 in April 2006.

2.3.2 Participants and incentives
Membership of the CCX is open to a wide range of participants. There are four classes of CCX
membership, which together are referred to as CCX Registry Account Holders. The classes are:

a) CCX Members include corporations, municipalities and other entities that have direct
GHG emissions from facilities in the United States, Canada or Mexico.

b) CCX Associate Members are entities that have insignificant or no direct GHG
emissions and comply with CCX rules by offsetting all indirect emissions associated
with a selection of business related activities.

¢) CCX Participant Members include Offset Providers and Liquidity Providers.
(1) Offset Providers are entities such as project owners, project implementers and
registered aggregators that sell Exchange Offsets produced by qualifying CCX-
registered Offset Projects.

(i1) Liquidity Providers are entities or individuals who trade or engage in market-
making activities on the Exchange for purposes other than compliance with the
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CCX emissions reductions schedule.

d) CCX Exchange Participants are entities that establish a CCX Registry Account for
the purpose of acquiring and retiring CCX Carbon Financial Instruments (CFIs) the
CCX tradable commodity.

As at 12 September 2006 CCX membership totalled 142. No airline operators or aircraft manufacturers
were included in the membership. While Rolls-Royce is a member, this is in the context of its
manufacturing activities and not in the context of aircraft engine emissions.

There are no Government funded incentives to participate in the CCX. The CCX promotes the benefits of
membership as being:

First-mover advantage.

Helping to build a transparent and credible first step solution.
Ease and security of trade execution.

Helping to shape environmental policy for the 21* century.
Global exposure.

Sk L=

2.3.3 Identifying emissions sources, calculating baselines and setting emission reduction targets
Emissions of the following greenhouse gases from facilities owned by CCX members are included in the
scheme as applicable: carbon dioxide, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons and
sulphur hexafluoride.

Emissions of all non-CO, greenhouse gases are converted to metric tonnes CO, equivalent using the one
hundred year Global Warming Potential (GWP) values established by the Intergovernmental Panel on
Climate Change.

The unit of emissions measurement, reporting, price quotation and trading is metric tons of carbon
dioxide equivalent or tCO,e. Each CCX Carbon Financial Instrument represents one hundred tCOe.

CCX emitting Members make a voluntary but legally binding commitment to reduce direct emissions
below an emissions baseline. An emissions baseline is calculated by taking the average of emissions
inventories from a specific timeframe, or ‘baseline period’. Baselines are adjusted to reflect acquisition or
disposal of facilities.

Phase I Members: By the end of Phase I (December 2006) all Members will have reduced direct
emissions by 4 per cent below a baseline period of 1998-2001. Members that participate in Phase II will
reduce emissions by an additional 2 per cent below baseline by 2010 to achieve the Phase II reduction
target of 6 per cent below baseline. CCX Members were issued greenhouse gas emission allowances at
the inception of the program for the four-year period (2003-2006) in an amount reflecting the CCX
emission reduction schedule below:

Phase 1 CCX Emission Reduction Target

2003 1 per cent below Member’s baseline
2004 2 per cent below Member’s baseline
2005 3 per cent below Member’s baseline
2006 4 per cent below Member’s baseline

Phase 11 CCX Emission Reduction Target
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2007 4.25 per cent below Member’s baseline
2008 4.5 per cent below Member’s baseline
2009 5 per cent below Members baseline
2010 6 per cent below Members baseline

Phase II Member joining in 2006: New Phase II Members’ emission baseline is the annual average of
emissions from facilities included in the baseline period 1998-2001. If data is insufficient, new Phase II
Members may use a year 2000 baseline. The Phase II reduction target is 6 per cent below baseline by
2010. CCX Phase I Members will be issued greenhouse gas emission allowances in an amount reflecting
the CCX emission reduction schedule below:

Phase 11 CCX Emission Reduction Target
2006 1.2 per cent below Member’s baseline
2007 2.4 per cent below Member’s baseline
2008 3.6 per cent below Member’s baseline
2009 4.8 per cent below Member’s baseline
2010 6 per cent below Member’s baseline

2.3.4 Emission offsets

Eligible projects can be recorded in the CCX Registry and are issued Exchange Offsets on the basis of
mitigation tonnage realized during 2003-2006. Exchange Emission Offsets are issued after mitigation
occurs and required documentation is presented to the CCX. Project eligibility, project baselines,
quantification, and monitoring and verification protocols are specified in the CCX Rulebook.

The initial categories of eligible offset projects are:

Methane destruction;

Agricultural practices;

Forestry practices;

Other greenhouse gas emission mitigation in Brazil;
Renewable energy; and

Clean Development Mechanism Eligible Projects.

2.3.5 Allocation of allowances and offsets

The tradable Carbon Financial Instruments employed in CCX are Exchange Allowances (XA's) and
Exchange Offsets (XO's). Exchange Allowances are issued to Exchange Members and Associate
Members in accordance with each Member's Emission Baseline and Emission Reduction Schedule,
subject to provisions outlined in the CCX Rulebook. They are also issued on the basis of forest carbon
sequestration and reductions in electricity use. Exchange Offsets are generated by qualifying mitigation
projects and registered with CCX by Exchange Participant Members.

Each CCX Carbon Financial Instrument resides in the CCX Registry in a manner that designates the
Instrument's annual vintage. Each Carbon Financial Instrument is recognized as equivalent when
surrendered for compliance. Carbon Financial Instruments may be used for compliance in their designated
vintage year or banked for use in later years, subject to provisions outlined in the CCX Rulebook. CCX
Carbon Financial Instruments may not be used for compliance in years that precede the vintage of an
Instrument.

2.3.6 Trading of allowances and offsets
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The CCX Trading System has three component parts:

1. The CCX Trading Platform is an internet-accessible marketplace that is used to
execute trades among CCX Registry Account Holders. The system utilizes SUN java
technology to bring live and active content to a screen. The Platform features a price
transparent marketplace that displays order size, market depth and a market ticker.
The system supports both exchange-cleared trades which preserve anonymity, and
bilateral trades that are established through private negotiations off-system.

2. The Clearing and Settlement Platform receives information daily from the CCX
Trading Platform on all trade activity. It processes all transaction information, nets
out positions, and produces payment instructions for settlement of trades. Daily
statements are provided to members when trading occurs. All corresponding changes
are automatically updated in a Registry Account Holders' holdings of Carbon
Financial Instruments in the CCX Registry.

3. The CCX Registry is an electronic database that serves as the official holder of record
and transfer mechanism for Carbon Financial Instruments owned by Registry
Account Holders.

The three components are integrated to provide Registry Account Holders with real-time data to support
trading, assist in managing member emissions baselines, reduction targets and compliance status.

2.3.7 Reporting, verification and compliance

CCX has contracted with the National Association of Security Dealers (NASD) to provide regulatory
services. NASD assists in the registration, market oversight, and compliance procedures for CCX
members. NASD audits a representative sampling of each member’s emission baseline and annual true-
up, and reviews offset projects verification procedures. NASD utilises its state-of-the-art market
surveillance technologies to monitor CCX trading activity. To ensure environmental integrity, offset
verification services are provided by CCX-approved verifiers and are required for all exchange offset
projects.

2.3.8 Results

As of September 2006, results had only been released for the first two emission reduction compliance
periods (calendar years 2003 and 2004). This showed that the direct emission reduction achieved in the
first year was some 21.6 million tCO,e or 8.7 per cent better than the emissions objective, while the
reduction achieved in the second year was some 32.3 million tCO,e or 13.8 per cent better than the
emissions objective. All CCX Members with direct emissions reduction commitments were in
compliance.

2.4 European Climate Exchange (ECX)

24.1 Overview

The European Climate Exchange (ECX) was established in 2004 and is a wholly-owned subsidiary of the
Chicago Climate Exchange. It manages the sales and marketing for ECX Carbon Financial Instruments
(ECX CFls) listed on the Intercontinental Exchange (ICE) Futures electronic platform. Each ECX CFI is
based on emission allowances issued under the EU’s Emissions Trading Scheme. There is no information
available at this time as to whether the ECX has the potential to also support a voluntary emissions
trading scheme involving aviation, but given the link with the CCX, voluntary trading could be a matter
that interested airlines or other parties could explore with the ECX. ECX daily prices per tonne of CO,
have ranged from €20 or US$25 (April 2005) to €30 or US$37 (April 2006). The ECX market price in
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September 2006 for CO, was about €16 or US$20 per tonne. In October 2006 the ECX traded its first
emission option, giving buyers and sellers the ability to hedge price risks.

2.5 Montreal Climate Exchange (MCeX)

2.5.1 Overview

The Montreal Climate Exchange (MCeX) was established in July 2006 as a partnership arrangement
between the Montreal Exchange (MX) and the Chicago Climate Exchange (CCX). It is intended to
accelerate the development of a structured environmental market in Canada. The MX brings to the new
climate exchange its expertise in leading-edge trading systems, clearing, market regulation and financial
risk management. The CCX contribution is its extensive experience in operating climate exchanges in
North America and Europe.

The mission of the MCeX is to offer price transparency, environmental integrity, low cost, wide access
and reliability to those sectors of the Canadian economy involved in air quality and climate change
concerns. Further details on the nature of the intended trading were not available at the time of writing
(August 2006), but given the link with the CCX, it could be expected to include some form of voluntary
emissions trading.

2.6 Asia Carbon Exchange (ACX-Change)

2.6.1 Overview

The Asia Carbon Exchange (ACX-Change) was launched in August 2006 and is a fully owned subsidiary
of the Asia Carbon Group, which is headquartered in the Netherlands. The ACX-Change is a Clean
Development Mechanism (CDM) focused exchange. It claims to be uniquely positioned as a global
platform for sellers and buyers of Certified Emission Reductions (CERs), having a presence in both
Annex 1 and non-Annex 1 countries. It gives sellers of CERs an exposure to a large number of potential
buyers while giving buyers a broad range of CER sources with varied risk/benefit profiles to choose.
There is no indication as to whether this trading platform could be used to support a voluntary emissions
trading system involving aviation.

2.7 Voluntary Carbon Offset Schemes

2.7.1 Context

For a number of years now, consumers have been able to offset the emissions from their flights via the
facility provided by independent carbon offset providers. These organizations sponsor projects, which aim
to reduce carbon emissions. Initially the focus was on reforestation (tree-planting), but emphasis has now
shifted towards renewable energy supply and energy conservation in countries not covered by the Kyoto
protocol (hence avoiding double-counting of emissions reductions).

There is increasing interest among private and corporate airline customers in the climate change impact of
air travel. Within the UK, the aviation industry, as part of its Sustainable Aviation strategy, made a
commitment in 2005 to “evaluate carbon offset initiatives™ as a practical, short-term measure with the aim
of informing passenger understanding of the impact of air travel. The UK Government has committed to
offset the emissions from central government official air travel from April 2006.

2.7.2  British Airways’ offset scheme

In September 2005 British Airways launched a voluntary carbon offset scheme which operates via its
website. The scheme is aimed at raising passenger understanding of the climate impacts of air travel.
Alongside the opportunity to offset emissions, customers are provided with information about how the
airline is seeking to reduce its climate change impact.



Appendix A to the Report on Agenda Item 2 2A-19

Passengers are able to offset the CO, emissions created during their flights by making a voluntary
contribution to an organisation called Climate Care. The money raised is used by Climate Care to invest
in projects that avoid, reduce or absorb carbon dioxide emissions through renewable energy, energy
efficiency and forest restoration. The voluntary contribution is calculated on an emissions cost of
approximately £7.50 per tCO,, using actual fuel consumption and load factors from the British Airways’
aircraft fleet. This translates to a contribution of £5.00 per passenger on a return flight from London to
Madrid and £13.30 for a return flight from London to Johannesburg. On longer routes, such as a return
flight between London and Sydney, the contribution is £28.83.

Climate Care’s work is scrutinised by an Environmental Steering Committee, which includes
environmentalists and NGOs including WWF and Forum for the Future. To ensure that the projects
achieve the CO, emission reductions that they claim, the Committee requires them to meet three criteria
for each project. These are:

e that a third party report be obtained;

¢ that the CO, reductions be monitored on an on-going basis; and

e that any shortfall is made up in other projects.

For more details of the scheme and offset projects, see www.ba.com/offsetyouremissions.

CHAPTER 3 FUTURE DEVELOPMENT OF VOLUNTARY EMISSIONS TRADING
SCHEMES INVOLVING AVIATION

3.1 Introduction

As can be seen from Chapter 2 of this report, voluntary emissions trading schemes are becoming
established in a number of countries — including the two largest economies of the world, United States
and Japan. Aviation participation is confined so far to the UK Emissions Trading Scheme, and even there,
it involves domestic aviation services only. However, there is scope for more airlines to become involved
in some form of voluntary emissions trading. While there are a number of possible options for achieving
this, as identified in Section 1.2.2, this chapter considers four broad ways in which this might be done:

e through participation in an existing voluntary emissions trading scheme;
e through the development of carbon offsets;

e through the development of voluntary agreements as a precursor to an emissions
trading system; and

e through the establishment of an aviation-only voluntary emissions trading scheme.

3.2 Participation in an existing voluntary emissions trading scheme

The extent of significant voluntary emissions trading schemes worldwide is generally as described in
Chapter 2. On this measure, there would presently appear to be few opportunities available for airlines to
participate in existing voluntary schemes. Furthermore, some of these schemes are either not open to new
participants, are limited to certain countries, or do not appear to be readily adaptable for participation by
airlines. These existing voluntary schemes may nevertheless be a first step towards voluntary emissions
trading and might be expanded in the future.
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The UK Emissions Trading Scheme (UK ETS) is a 5 year pilot scheme that ended in December 2006, so
it is not possible for other airlines (or organisations of any type) to join the scheme

Japan’s Voluntary Emissions Trading Scheme (JVETS) is based on the provision of government
subsidies to participants for the installation of emissions reduction equipment. It is difficult to see how
this approach could be applied to airline operations given the technology constraints with aircraft engines.
It is most unlikely that new aircraft engines or even replacement aircraft could be justified within the
current structure of the scheme. However, there may be opportunities for certain airline ground operations
to qualify for participation in a voluntary scheme of this type, for example, replacement of auxiliary
power unit operation by fixed airport power supply.

The Chicago Climate Exchange (CCX) and similar schemes would therefore seem to be the only types of
existing schemes that have any potential for providing a voluntary emissions trading facility for aviation.
Even here there are significant implications for airlines that may wish to participate particularly in
relation to the emissions reductions targets specified by the CCX.

It is likely that new voluntary emissions trading schemes for ground sources will be developed in the
future. The adaptability of future schemes for aviation is a matter that cannot be assessed in advance.
When considering the possible integration of aviation into such voluntary schemes, it could be expected
that the aviation specific issues that arise would generally be similar to those applying to the integration
of aviation into mandatory emissions trading schemes. Entities considering participation in a voluntary
trading scheme should therefore refer to the ICAO Guidance on Aviation Emissions Trading for a detailed
discussion of relevant issues.

3.3 Development of carbon offsets

Some airlines may face a position where no suitable voluntary emissions trading scheme exists in their
country or region. Alternatively, they may prefer to initially become involved in a more basic scheme
rather than a relatively complex trading scheme involving other airlines or sectors. In these circumstances,
airlines may consider carbon offsets as a market-based mechanism for reducing emissions. Carbon offset
providers are active in Europe, North America and in many other regions around the world.

There are two approaches that might be considered.
1. An airline provides a capability for its customers to voluntary offset their emissions.

This could be similar to the British Airways’ offset scheme described in Section 2.7.2 of this report. The
key feature of this approach is that the airline actively promotes the scheme as part of the ticket booking
system rather than just leaving it to passengers to find a carbon offset provider through their own
initiative. It would be the airline’s responsibility to:

e select the most appropriate carbon offset provider;

e determine the voluntary contribution rate per ton of CO, emissions based on fuel
consumption performance;

e facilitate calculation, arrange collection and on-forwarding of customer contributions
to the offset provider; and

e promote the environmental benefits of the scheme.

Some of the main advantages of this type of scheme are its simplicity, short lead time for implementation
and independence from other airlines or industry sectors. A key disadvantage is that there is no
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predetermined amount of emissions reduction over a specific period or the course of the scheme. This
could be addressed by the following approach.

2. An airline decides to offset some or all of its emissions, using its own resources.

In many respects, the steps in establishing this scheme would be similar to the scheme above except that
responsibility for funding the offsets would fall on the airline itself rather than on individual passengers.
The financial implications for the airline would be directly dependent on the amount of emissions that the
airline chose to offset. The main benefit of this type of scheme is that the amount of emissions reductions
for a defined period could be predetermined by the airline, and associated offset projects could be more
substantial and better planned because of income predictability.

34 Development of voluntary agreements as a precursor to an emissions trading system

ICAO has created a Template for Voluntary Measures that may be used by airlines and/or governments as
a starting point for the development of voluntary agreements to achieve emissions reductions. For
example, such agreements might be based upon the establishment of a future fuel efficiency target for
aircraft operators. To provide a basis for emissions trading such an agreement should include an
enforceable commitment to achieve emissions reductions that are below an appropriate baseline.

To the extent that voluntary trading would be part of a voluntary agreement between government and
industry partners, the [ICAO Template for Voluntary Measures may be a useful reference document. It
should however be noted that the ICAO Template was not designed with voluntary emissions trading
schemes in mind and would have to be adapted for this purpose. The ICAO Template is available from
ICAO at http://www.icao.int/icao/en/env/Caep_Template.pdf .

3.5 Establishment of a voluntary emissions trading scheme for aviation

One approach might involve the establishment by a group of airlines of a new voluntary emissions trading
scheme for international aviation. This option would have more chance of being realised if it had the
support of government(s). Given the greater worldwide focus by governments on solutions to climate
change issues, the likelihood of such government support could be expected to increase over time.

This section will not attempt to address all of the issues involved in establishing a new emissions trading
scheme but will only focus on aviation specific issues. In doing so, it is recognised that many of the
aviation issues would be common to participation in either a voluntary scheme or a mandatory scheme.
For other aviation issues, there would be specific differences between voluntary and mandatory schemes.

3.5.1 Commonalities between voluntary and mandatory emissions trading schemes

The ICAO Guidance on Aviation Emissions Trading discusses the aviation specific issues relevant to the
inclusion of international aviation in mandatory emissions trading scheme. This section draws on the
guidance provided in that document to identify issues whose consideration in voluntary or mandatory
schemes would be similar.

3.5.1.1 Accountable entities
Given that the voluntary emissions trading scheme considered in this section is assumed to be established
by a group of airlines, then it follows that the accountable entities would be aircraft operators.

Accountable entities participating in a voluntary emissions trading scheme will be required, individually
or jointly, to hold at the end of a trading period the necessary number of allowances (or credits) covering
all relevant emissions, based on measured or modelled (calculated) emissions of their operations under
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the scope of the scheme.

3.5.1.2 Emission sources

The relevant sources of emissions that are to be controlled by the aircraft operator need to be defined. It is
preferable that for international aviation the emission source be defined as all civil flights by the aircraft
operator within the geographic scope of the scheme. Depending on the number and type of aircraft
operators seeking to join the scheme, to lower the administrative burden it may be necessary to make
exceptions by establishing an inclusion threshold based on aggregate air transport activity, aggregate
emissions (measured in CO,) or aircraft weight.

3.5.1.3 Emissions species

While participants are free to choose which emissions species to include in the scheme, there are several
factors that could lead airlines to only include their CO, emissions. CO, emissions are the largest and
most certain of the greenhouse gas emissions from the aviation sector. While non-CO, gases are
potentially significant, there currently exists a high degree of scientific uncertainty associated with most
of them. A CO, based scheme is most likely to be compatible with other trading schemes and so increase
the potential for future trading between schemes. This would not preclude the inclusion of other aircraft
emissions that contribute to climate change in the longer run.

3.5.1.4 International and domestic emissions

As States may take action to address international or domestic emissions in the future, any voluntary
emissions trading scheme should take the precaution of distinguishing between international and domestic
aviation emissions.

The IPCC definition of international and domestic emissions should be used for the purposes of
accounting for greenhouse gas emissions from civil aviation. This approach is internationally accepted
and will help ensure consistency between the various approaches of States and participants in voluntary
schemes.

3.5.1.5 Distribution of allowances

Distribution of allowances could occur through grandfathering, auctioning or benchmarking.
Grandfathering and auctioning do not raise specific issues that are significantly different for aviation than
for other sectors. If benchmarking is being considered for distributing emissions allowances within the
scheme, then recognition should be given to previous investment in new technology. Incentives should
also be provided to operate the most emissions efficient aircraft in the most efficient way in the future.

3.5.1.6 Monitoring, reporting and verification

To ensure the integrity of the trading system clear procedures should be defined for monitoring, reporting
and verification of emissions data. These procedures are primarily needed to help accountable entities
identify and correct data and/or calculation errors. To avoid misrepresentation of actual emissions,
verification procedures are important to ensure equitable treatment of all participants and to publicly
demonstrate that obligations are fulfilled. Scheme participants would be responsible for the accurate and
timely reporting of emissions data.

3.5.2 Differences between voluntary and mandatory emissions trading schemes

There are a number of issues that would clearly be different in a voluntary scheme compared with a
mandatory scheme. One overarching consideration is whether the voluntary scheme would be accepted
for trading by other emissions trading systems. Additional considerations are as follows:

3.5.2.1 Participation
By definition, there would be no compulsion to participate in a voluntary emissions trading scheme. In
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order to widen the scope of the scheme, increase the potential environmental benefits and the economic
efficiency, and minimise competitive effects, airlines could consider joint participation, for example, as
part of an airline association or airline alliance. New entrant airlines would not be obliged to participate in
a voluntary scheme but should be able to join if they wished. Once emissions reductions commitments
were made, there would need to be an enforceable obligation for participants to meet their targets.

3.5.2.2 Incentives

Governments may see benefits in providing financial support or incentives for the establishment or
ongoing administration of a voluntary trading initiative. A voluntary scheme with incentives may
encourage wider industry participation leading to additional environmental benefit. Incentives may also
facilitate quicker implementation.

3.5.2.3 Targets and timelines

Participants could decide amongst themselves the stringency and the timing of the emissions reduction
targets that would apply under the scheme. Targets would need to be set at a level that would give
credibility to the scheme as an effective emissions reduction initiative. Conceivably, airline trade bodies
could facilitate the negotiation and definition of relevant targets and timelines.

3.5.2.4 Types of trading systems

There is more flexibility in designing a voluntary trading scheme. Besides having the choice between
adopting a capped system with allowances or some form of baseline and credit system, participants could
opt for meeting their reduction targets separately and individually or for example jointly under a “bubble”
agreement. The latter approach may combine a semi-open trading system with a clearinghouse function
managed by a central administrator °.

3.5.2.5 Trading unit

The participants in a voluntary scheme can decide amongst themselves the nature of the trading unit (or
“allowance”) to be used in the scheme. The allowance could represent an absolute amount of emissions
(e.g. 1 tonne of CO,) or, alternatively, an amount of emissions related to some measure of output (e.g.
grammes of CO, per ATK, RTK, ASK, or RSK).

To avoid the drawbacks of a ‘closed’ trading system, the scheme could be designed in a way that would
allow participants to purchase offsets outside the scheme in order to keep costs down. However, selling
scheme allowances into other trading schemes would depend on whether those other schemes accept
these.

3.6 How voluntary emissions trading for aviation could develop

Looking at how voluntary emissions trading measures involving aviation have developed to date may
provide some insight as to how new measures may develop into the future.

It would seem that carbon offset schemes have potential for early expansion. They can be implemented
unilaterally by an individual airline and do not require any form of support from governments or other
industry partners. Such schemes could be used as a positive marketing tool by airlines. Initial schemes
could be based on carbon offset decisions by individual customers. They could then evolve into a defined
reduction scheme where the airline predetermines the amount of emissions reduction to be achieved.

Carbon offset schemes or voluntary agreements, depending on their nature, could be seen as a first step
towards wider voluntary emissions trading although it is recognised that this is not a prerequisite. With

8 The role of administrator could be filled for instance by a governmental agency, an industry body or an independent entity.
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more airlines having experience with carbon offset schemes and/or voluntary agreements, it might then be
easier for them to turn their attention to a voluntary trading scheme as a group than it might be at the
present time.

Government support would appear to be an important ingredient in a voluntary emissions trading scheme
although not essential. With the back-up of a well established carbon offset scheme and/or voluntary
agreements, airlines may find that government support for a trading scheme is more forthcoming.

The establishment of an airline-only emissions trading scheme would be within the capability of a group
of airlines. The limitations of a closed trading system could be overcome by the ability to purchase offsets
from other sectors. The level of sophistication and degree of integration with other sectors could then
evolve over time.

3.7 Role of ICAO

While the possibility exists in theory, [CAO would not normally be directly involved in setting up
voluntary emissions trading schemes. There are however roles that ICAO could pursue to encourage and
support the development of voluntary schemes that interested Contracting States and international
organisations might propose, for example by

Providing a forum to develop and review voluntary emissions trading schemes;
Providing technical information to support such schemes;

Encouraging consistency between such schemes;

Encouraging the use and recognition of such schemes; and

Facilitating or assisting in the verification of aviation emissions data.

3.8 Further information
Further information can be found in the draft ICAO Guidance on Aviation Emissions Trading where the
various design options are discussed in more depth and a number of recommendations are provided.

3.8.1 Finally, more general background information on emissions trading is available from the ICAO
web site at (insert link).
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GLOSSARY

The terms contained herein are not intended to be universal definitions, but rather to clarify concepts as
used in this document.

Accountable Entity
A physical or legal person which, in a given emissions trading scheme, is responsible for emissions from
international aviation under the scheme.

Allocation
Method for initial distribution of allowances among States for a commitment period.

Allowance (Emission allowance)

An allowance is a tradable emission permit that can be used for compliance purpose in an emissions
trading system. An allowance grants the holder the right to emit a specific quantity of pollution once (e.g.
one tonne of CO,).

Annex B Parties or Countries
Annex B countries are the 39 emissions-capped industrialised countries and economies in transition listed
in Annex B of the Kyoto Protocol.

Annex I Parties or Countries
Annex I countries are the 36 industrialised countries and economies in transition listed in Annex I of the
United Nations Framework Convention on Climate Change (UNFCCC).

Anthropogenic greenhouse-gas emissions
Greenhouse-gas emissions resulting from human activities.

ATK
Available Tonne Kilometres - a measure of an airlines total capacity (both passenger and cargo).

ASK
Available Seat Kilometres — a measure of an airlines passenger carrying capacity.

Auctioning
Auctioning is an initial distribution method in which allowances are sold in an auction.

Baseline
Total amount of allowances distributed to a sector or an accountable entity.

Benchmarking
An initial distribution method in which allowances are allocated free of charge based on a specific
benchmark, for example emissions per unit of output.

Bubble
A bubble is a regulatory concept whereby two or more emission sources are treated as if they were a
single emission source.

Buyer
A legally recognised entity (individual, corporation, not-for-profit organisation or government, etc.) who
acquires credits, reductions or allowances from another legally recognised entity through a purchase,
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lease, trade, or other means of transfer.

Cap and Trade

The Cap and Trade system involves trading of emission allowances, where the total amount of allowances
is strictly limited or 'capped' by a regulatory authority. Allowances are created to account for the total
allowed emissions. At the end of each compliance period each entity must surrender sufficient allowances
to cover its emissions during that period. Trading occurs when an entity can reduce units of emission at a
lower cost than another entity and then sells the allowance. A Cap and Trade system is generally based on
those entities included in the cap.

Carbon Dioxide (CO,,

A naturally occurring gas that is also a by-product of burning fossil fuels and biomass, land use changes
and other industrial processes. Carbon dioxide is the reference gas against which the global warming
potential of other greenhouse gases is measured.

Carbon Dioxide Equivalent (CO,e)
The universal unit of measurement used to indicate the global warming potential (GWP) of a greenhouse
gas.

Certified Emission Reductions (CERs)
A Kyoto Protocol unit equal to 1 metric tonne of CO, equivalent. CERs are issued for emission
reductions from CDM project activities.

CH,4
Methane — a greenhouse gas.

Cirrus cloud
A type of cloud composed of ice crystals and shaped like hair like filaments. May partly be aviation
induced.

Clean Development Mechanism (CDM)

A mechanism under the Kyoto Protocol through which developed countries may finance greenhouse-gas
emission reduction or removal projects in developing countries, and receive credits for doing so which
they may apply towards meeting mandatory limits on their own emissions.

Climate Change

A change of climate which is attributed directly or indirectly to human activity that alters the composition
of the global atmosphere and which is in addition to natural climate variability over comparable time
periods (Source: UNFCCC).

Closed emissions trading
An emissions trading scheme that is designed to limit or reduce emissions within one sector only without
providing access to allowances or credits outside the scheme.

Contrails
The condensation trail left behind jet aircraft. Contrails only form when hot humid air from jet exhaust
mixes with ambient air of low vapour pressure temperature.

Credit
A term most commonly used in relation to emission reductions that have been achieved below a
predefined, agreed baseline. Once the reduction has been verified by an accredited entity, the authority
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issues a credit. The credit grants the holder the right to emit a specific quantity of pollution once (e.g. one
tonne of CO,).

Distribution
Method for apportioning allowances among accountable entities.

Domestic flights
Emissions from civil domestic passenger and freight traffic that departs and arrives in the same country
(commercial, private, agriculture, etc.), including take-offs and landings for these flight stages.

Domestic operations
Domestic flights and other aviation activities by an airline relating to those flights.

Emissions Trading

Emissions Trading is a market-based system that, in principle, can allow accountable entities the
flexibility to select the most cost-effective solutions to achieve established environmental goals. With
emissions trading, entities can meet established emission goals by: (a) reducing emissions from a discrete
emissions unit within an entity’s boundaries; (b) reducing emissions from another place within the entity;
or (c) securing emission reductions from the marketplace. Emissions trading can encourage the
implementation of cost-effective emission reduction strategies and provide incentives to emitters to
develop the means by which emissions can inexpensively be reduced. Under the Kyoto Protocol,
“emissions trading” is one of the three Kyoto mechanisms, by which an Annex I Party may transfer Kyoto
Protocol units to or acquire units from another Annex I Party. An Annex I Party must meet specific
eligibility requirements to participate in emissions trading.

Fiscal Year (FY)
A fiscal year (or financial year) is a 12 month period used for calculating (“yearly”) financial reports in
business and other organisations. The specific 12 month period varies between countries,

Fossil Fuels
Carbon-based fuels that include coal, petroleum, natural gas and oil.

Geographic scope
Refers to the geographic coverage of aviation emissions under the trading scheme, i.e. specification of the
countries, routes and type of flights/aircraft to be included.

Global Warming Potential (GWP)

Global Warming Potentials (GWP) are calculated as the ratio of the radiative forcing of one kilogramme
greenhouse gas emitted to the atmosphere to that from one kilogramme CO, over a period of time (100
years). Carbon dioxide has been designated a GWP of 1; Methane, for instance, has a GWP of 23.

Grandfathering
Method for the initial distribution of allowances free of charge to entities in an emission trading scheme
according to historical emissions.

Greenhouse gases (GHGs)

The atmospheric gases responsible for causing global warming and climate change. The major GHGs are
carbon dioxide (CO,), methane (CH4) and nitrous oxide (N,O). Less prevalent --but very powerful --
greenhouse gases are hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphur hexafluoride
(SFo).



2A-28 Appendix A to the Report on Agenda Item 2

Greenhouse gas reduction or Emissions reduction

A reduction in emissions intended to slow down the process of global warming and climate change.
Greenhouse gas reductions are often measured in tonnes of carbon-dioxide-equivalent (CQO,e), which is
calculated according to the GWP of a gas.

H,0
Water (vapour).

HC
Hydrocarbons.

Hydrofluorocarbons (HFC)
A group of greenhouse gases subject to limitations under the terms of the Kyoto protocol.

Intergovernmental Panel on Climate Change (IPCC)

The Intergovernmental Panel on Climate Change (IPCC) has been established by the World
Meteorological Organisation (WMO) and the United Nations Environmental Programme (UNEP) to
assess scientific, technical and socio- economic information relevant for the understanding of climate
change, its potential impacts and options for adaptation and mitigation. It is open to all Members of the
UN and of the WMO.

Kyoto Protocol

An international agreement standing on its own, and requiring separate ratification by governments, but
linked to the UNFCCC. The Kyoto Protocol, among other things, sets binding targets for the reduction of
greenhouse-gas emissions by industrialized countries.

Methane (CH,)
A greenhouse gas.

Nitrogen oxides (NOx)
Generic term for oxides of nitrogen (NO, NO,, NO3).

Nitrous oxide (N,O)
A greenhouse gas.

Non-Annex I Parties or Countries
Countries not included in Annex I of the United Nations Framework Convention on Climate Change
UNFCCC.

0O;
Ozone.

OECD
The Organisation for Economic Co-operation and Development.

Offsets
An emissions reduction achieved by undertaking a greenhouse gas emission reduction project.

Open emissions trading
An emissions trading system where allowances can be traded in and outside the given scheme or sector.
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E.g., within an emissions trading scheme for aviation, participants would be allowed to buy allowances
from sectors outside the aviation emissions trading scheme.

Perfluorocarbons (PFC)
A group of greenhouse gases.

Radiative forcing (RF)

A change in average net radiation (in Wm-2) at the top of the troposphere resulting from a change in
either solar or infrared radiation due to change in atmospheric greenhouse gas concentrations; perturbance
of the balance between incoming solar radiation and outgoing infrared radiation.

RSK
Revenue Seat Kilometres.

RTK
Revenue Tonne Kilometres.

Seller

A legally recognised entity (individual, corporation, not-for-profit organisation, government, etc.) who
sells reductions, credits or allowances to another legally recognised entity through a sale, lease, trade, or
other means of transfer.

Soot
Substance emitted by aircraft; may have both warming and cooling climate impacts.

Sulphate
Substance emitted by aircraft; which may have a cooling impact.

Sulphur hexafluoride (SFg)
A greenhouse gas.

Surrender
The handing in of allowances for emissions by the accountable entity in order to fulfil the obligations
under the emissions trading scheme.

United Nations Framework Convention on Climate Change (UNFCCC)

The Convention on Climate Change sets an overall framework for intergovernmental efforts to tackle the
challenge posed by climate change. It recognizes that the climate system is a shared resource whose
stability can be affected by industrial and other emissions of carbon dioxide and other greenhouse gases.
The Convention enjoys near universal membership, with 189 countries having ratified. Under
the Convention, governments gather and share information on greenhouse gas emissions, national
policies and best practices, launch national strategies for addressing greenhouse gas emissions and
adapting to expected impacts, including the provision of financial and technological support to
developing countries and cooperate in preparing for adaptation to the impacts of climate change.

Verification

Verification provides independent assurance that emissions reporting has been realised in an accurate
manner. The verifiers are accredited. The level of assurance provided will depend on the scope of the
verification which is usually agreed by the transacting parties and may include: adequacy of measuring
and monitoring systems for emission reduction credits, reviewing the operations of the underlying
emission reductions project etc.
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Voluntary Action/Commitment
Actions taken by an entity that reduces greenhouse gas emissions in the absence of any regulatory
requirements compelling it to do so.

Water vapour
H,O0.
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APPENDIX A

Japan's Voluntary Emissions Trading Scheme (JVETS) in 2005
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CHAPTER1 GENERAL

Introduction

1.1.1 The 35" Session of the ICAO Assembly in October 2004 unanimously adopted
Resolution A35-5 on both aircraft noise and aircraft engine emissions'. The Assembly adopted the
environmental goal of limiting or reducing the impact of aviation greenhouse gas emissions on the global
climate and endorsed “the further development of an open emissions trading system for international
aviation”.

1.1.2 In this context, the Assembly further requested the ICAO Council to prepare “guidance
for use by Contracting States, as appropriate, to incorporate emissions from international aviation into
Contracting States’ emissions trading schemes consistent with the UNFCCC process (and that it) address
the structural and legal basis for aviation’s participation in an open emissions trading system, including
key elements such as reporting, monitoring and compliance.” This document has been prepared in
response to that request.

1.1.3 It should be noted that this guidance is not of a regulatory nature. Rather it provides
States with advice and information that they may need or find helpful. It cannot, and does not purport to,
cover every conceivable issue that might arise: indeed ICAO recognises that contracting States have their
own legal obligations, existing agreements, current laws and established policies. States should therefore
consider how best to apply this guidance to their specific circumstances. The scope of this guidance
material extends exclusively to international civil aircraft operations and does not include State aircraft,
which covers military, customs and police services.

ICAO Resolution A35-5

1.14 Appendix I of ICAO Assembly Resolution A35-5 addresses market-based measures
regarding aircraft engine emissions, which includes emissions trading. Relevant to emissions trading, the
ICAO Assembly noted the following points:

e that “market-based measures are policy tools that are designed to achieve environmental goals at a
lower cost and in a more flexible manner than traditional regulatory measures”;

e that “Principle 16 of the Rio Declaration on Environment and Development (1992) states that
‘National authorities should endeavour to promote the internalization of environmental costs and the use
of economic instruments, taking into account the approach that the polluter should, in principle, bear the
cost of pollution, with due regard to the public interest and without distorting international trade and

999,

investment’”’; and

'1cAO Assembly Resolution A35-5 “Consolidated Statement of continuing ICAO policies and practices related to
environmental protection”, available at http://www.icao.int/cgi/goto _m.pl?icao/en/assembl/a35/documentation.htm
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e that “whereas the Kyoto Protocol treats international and domestic emissions from the aviation sector
differently, the potential advantages of harmonizing treatment of the two categories of emissions have
been noted”.

1.1.5 Assembly Resolution 35-5 further “encourages Contracting States and the Council,
taking into account the interests of all parties concerned, including potential impacts on the developing
world, to evaluate the costs and benefits of the various measures, including existing measures, with the
goal of addressing aircraft engine emissions in the most cost-effective manner and ...with Contracting
States striving to take action in a consistent manner to both domestic and international aviation
emissions.”

Background, Purpose and Scope.

1.1.6 Aviation plays a key role in the world economy, providing the ability to move people and
products all over the globe - quickly and safely. Though there has been a history of increased fuel and
performance efficiency, the nature of aviation limits the technology options available to directly reduce
emissions. It is those technology limitations, along with the projected rate of growth in the aviation
industry, that have contributed to ICAO’s consideration of market-based options such as emissions
trading as one possible approach to address aviation emissions.

1.1.7 An open emissions trading approach is considered preferable to a closed emissions
trading approach. It provides for trading both within and between sectors . Because of the high relative
costs of aviation technology and the lack of substitute energy sources, allowance prices for the open
trading system would be substantially lower than under a closed trading system which is designed to limit
emissions within one sector only without providing access to allowances or credits outside the scheme.
Open emissions trading offers the economic advantage of achieving reductions in a more cost-effective
way than closed emissions trading.

1.1.8 As noted above, this document was prepared at the request of the ICAO Assembly to
provide ICAO Contracting States with advice and practical information they might be able to use when
incorporating emissions from international aviation into emissions trading schemes. The inherent
mobility of international aviation, however, challenges the ability to readily incorporate its emissions into
traditional emissions trading mechanisms. To facilitate this process, the guidance focuses on those
aspects of emissions trading that require consideration with respect to aviation-specific issues; it identifies
options and offers potential solutions where possible.

1.1.9 The guidance does not describe or explain generic emissions trading mechanisms, design
options or processes. However, to help facilitate broader understanding, relevant background information
on emissions trading is available at the ICAO website (www.icao.inf). Definitions of terms used in the
guidance can be found in the Glossary.

1.1.10 The guidance addresses the aviation-specific options for the various elements of trading
systems, such as accountable entities, emissions sources and species (gases) to be covered, trading units,
base year and targets, allowance distribution, monitoring and reporting, and geographical scope. Since
most emissions trading schemes define emissions sources in terms of fixed ground based installations, the
guidance addresses how emissions sources could be defined for aviation.

1.1.11 The guidance notes that emissions from international aviation are excluded from the
national totals reported by Parties to the UNFCCC and provides options for including those emissions in
trading schemes.
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1.1.12 Many issues considered in this guidance will be interdependent on, or require knowledge
of, other design criteria. It is unlikely that a full assessment of a trading scheme can be made until all of
the elements have been taken into account. The order in which the design elements are presented in the
guidance does not imply any specific hierarchy in their relative importance.

1.1.13 It is recognised that this guidance material may not provide the level of detail necessary
to assist [CAO Contracting States in addressing every issue that might arise, given that there may be
unique legal, technical or political situations for particular States. It is therefore advised that ICAO
Contracting States use this guidance material as supporting material, to be shaped and applied to specific
circumstances.

1.1.14 Given the limited practical experience with issues related to the aviation sector that
currently exists in emissions trading, it is recognized that this guidance material may need to be revised as
the world of emissions trading develops over time.
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CHAPTER 2 OPERATIONAL BOUNDARIES

2.1 Accountable entities

2.1.1 This section provides guidance on the definition of accountable entities for the
international aviation sector, describes the advantages and disadvantages of the several options available
and establishes recommendations on the most suitable choice.

2.1.2 In the context of this guidance material, an accountable entity is a physical or legal
person which, in a given emissions trading scheme, is responsible for emissions from international
aviation under the scheme. A proper identification of the accountable entities is crucial for addressing
aviation emissions in an effective and transparent manner.

Assessment of options

2.13 Paragraphs 2.1.5 to 2.1.19 provide more information associated with each possible choice
of accountable entity, i.e. aircraft operators, fuel suppliers, air navigation service providers, airport
operators and aircraft manufacturers. Each of these options is associated with particular advantages and
disadvantages in terms of environmental effectiveness, possible distortions in competition and
administrative and legal feasibility.

2.14 Each option is likely to lead to cost increases for the accountable entities, either the cost
of action to reduce emissions, the cost of acquiring allowances, or the costs relating to the administration
of the trading scheme. This section compares the options in terms of how well those costs translate into
price signals that will drive emissions reductions.

Aircraft operators

2.1.5 Under this option, aircraft operators will be required to hold the necessary number of
allowances covering all relevant emissions of their aircraft engaged in international transport.

2.1.6 An important advantage of this option is that aircraft operators can in principle provide
all the relevant data required to participate in a trading system. They also have a substantial degree of
control over technical and operational measures to improve efficiencies in order to reduce engine
emissions. Environmental benefit may accrue because of an added incentive for operators to further
minimize fuel consumption.

2.1.7 Administrative difficulties might arise due to the number of aircraft operators included in
the trading scheme. This can be solved by introducing a de minimis inclusion threshold. This is further
addressed in section 2.2.

2.1.8 Another possible disadvantage would be the inappropriate burden placed on aircraft
operators related to emissions resulting from Air navigation Systems (ANS) inefficiencies such as delays,

holdings and the use of non-optimized routes.

Fuel suppliers



2B-8 Appendix B to the Report on Agenda Item 2

2.1.9 If fuel suppliers are selected as accountable entities, they will have the obligation to hold
the required allowances on the basis of the carbon content of the fuel sold to aircraft operators. The
selection of fuel suppliers as accountable entities would provide an indirect incentive for emissions
reductions as aircraft operators — and their customers — can be expected to respond to higher fuel prices.
The relatively small number of fuel suppliers may also be an advantage.

2.1.10 Drawbacks of choosing fuel suppliers as accountable entities include the fact that it may
be difficult for fuel suppliers to accurately distinguish between international and domestic aviation and
fuel tankering practices by operators might increase.

Air navigation services providers

2.1.11 Under this option, air navigation services providers (ANSPs) will be obliged to hold
allowances covering emissions from all international flights operated within the airspace under their
control.

2.1.12 Choosing ANSPs as the accountable entities may create additional incentives for these
entities to reduce delays and holdings and to provide the shortest routes for operators to fly. The way in
which the costs are passed on is critical if the additional costs imposed on operators are to truly reflect the
actual emissions. Defining appropriate mechanisms for providing correct price signals could be
challenging, particularly where ANSPs operate as monopolies.

Airport operators

2.1.13 Under this approach, airport operators within the territory of the State will have to hold
allowances to cover the emissions produced by the international flights arriving at or departing from their
airports.

2.1.14 In terms of integrating aviation into an emissions trading scheme, this option would
manage emissions in a way similar to that for stationary sources. However, airports do not have direct
access to all relevant data, and defining appropriate mechanisms for providing correct price signals could
be challenging. For example an increase in landing fees is generally less effective than measures directly
related to fuel use.

2.1.15 This option would require aircraft operators to monitor and report their emissions to the
4airport operators. Aircraft operators would therefore be actively involved even though they are not
obliged to surrender allowances themselves. The rules under which aircraft operators would have to
report emissions to airport operators might have to be defined centrally within each trading scheme and
not left to the discretion of the airports.

Aircraft manufacturers

2.1.16 Under this option, aircraft manufacturers will be required to hold the relevant number of
allowances when they deliver an aircraft to their customers. In this case the emissions produced by an
aircraft would have to be calculated up-front.

2.1.17 This option would assign to each individual aircraft of a given aircraft type a specific
amount of emission “credits” reflecting the desired amount of emissions during its projected useful life. In
theory, this could provide manufacturers with an added incentive to develop aircraft with superior



Appendix B to the Report on Agenda Item 2 2B-9

emissions characteristics

2.1.18 A drawback is that this may lead to higher production costs for manufacturers, translating
into higher product prices for operators. Once an aircraft is sold there would be no further incentive under
the emissions trading scheme to reduce the emissions resulting from the operation of the aircraft.

2.1.19 The assignment of a pre-defined amount of emissions credits to individual aircraft of the
same aircraft type, may result in the unequal treatment of aircraft operators who would pay for identical
amounts of credits irrespective of the actual amount of emissions the aircraft would produce during their
lifetime.

Table 1: Advantages and disadvantages of options for accountable entities.

Advantages
a) Can provide all the relevant data to participate in a trading system.
b) Substantial degree of control over technical and operational measures to reduce

Aircraft engine emissions.
Operator | pjsadvantages
a) ANS inefficiencies may place inappropriate burden on aircraft operators.
b) Depending on the number of aircraft operators covered by the trading scheme,
administrative difficulties might arise.
Advantages
a) Relatively small number of fuel suppliers to include in the scheme.
Fuel Disadvantages
Suppliers

a) May be difficult to accurately distinguish between the fuel provided to
international and domestic aviation.

b) Unintended incentives for operators to increase tankering practices.

Air Navigation
Services
Providers

Advantages

a) Additional incentive to reduce delays and holdings and to provide the shortest
routes.

Disadvantages

a) Creating correct price signals could be challenging, particularly where ANSPs
operate as monopolies.

Airport
Operators

Advantages

a) Closer to the concept of conventional emission trading schemes, since it would be
managed in a way similar to that for stationary installations.

Disadvantages
a) Creating correct price signals could be challenging.

b) To gain access to the necessary data transfer of sensitive or confidential data
between two private entities would be required.

Aircraft
Manufacturers

Advantages

a) Additional incentive to develop aircraft with superior engine characteristics,
specifically fuel efficiency.

Disadvantages
a) No continuing incentives to improve operational efficiencies
b) Could result in unequal treatment among aircraft operators.
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Guidance

2.1.20 To the extent that international aviation is to be covered within an Emission Trading
System, the preferred option is to select aircraft operators as accountable entities, for the reasons
described in this section.

2.1.21 For the purposes of the remainder of this document it is assumed throughout that the
aircraft operator will be the accountable entity.

Determination of aircraft operator

2.1.22 The method for identifying the aircraft operator for emissions trading purposes would
need to be sufficiently precise to enable aircraft operators and regulators to identify the entity responsible
for emissions from any given flight whilst retaining flexibility to take into account the numerous types of
commercial arrangements common in the aviation sector. Examples of such commercial arrangements
include wet and dry leasing, code-sharing and the use of subcontractor airlines to operate portions of an
airline network.

2.1.23 Indicators of who is the operator should be clearly specified and could include:

- the ICAO designator used in the flight plan; or
- the holder of an Air Operators Certificate (AOC) in which the aircraft is listed.

2.1.24 In order to ensure that it is always possible to identify an aircraft operator responsible for the
emissions from a flight, there should be a clear default position. This could be achieved by providing that
if the operator is unknown the owner of the aircraft would be considered to be the operator unless he can
demonstrate that another person was the operator.

2.1.25 The administrative issues which arise in relation to the identification of the aircraft operator
responsible for emissions from a particular flight have some similarities with those related to the
identification of the aircraft operator for the purpose of billing en-route air navigation charges. States may
already have systems in place for that purpose which have proved to be workable and are understood by
aircraft operators. In order to avoid additional administrative burden for operators and regulators, States
may, therefore, wish to consider taking a similar approach to identifying the aircraft operators responsible
in an emissions trading system.

Commercial arrangements

Contractual provisions

2.1.26 Potentially accountable entities may want to shift the burden of the responsibility for
aviation emissions to another such entity. Such agreements between potentially accountable entities on
who is responsible for emissions from the flight should be communicated to the relevant regulatory
authority responsible for the administration of the trading scheme.

2.1.27 In the context of an emissions trading scheme for international aviation, leasing and code-
share arrangements can create complexities with regard to assigning responsibility for surrendering
emissions allowances and the monitoring and verification of emissions in order to avoid double-counting
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or omissions. The treatment of these arrangements must be addressed in order to unambiguously delineate
responsibility for the emissions from each flight.

Leasing arrangements

2.1.28 In the case of a “dry lease” arrangement the responsibility for emissions would rest with
the lessee as the aircraft operator.

2.1.29 In the case of a “wet lease” arrangement responsibility for emissions might rest with the lessee,
notwithstanding the fact that the lessee is not the AOC holder.

Code share arrangements

2.1.30 Under code sharing arrangements, one specific operator actually operates the aircraft, but
this same flight is shared with one or more different carriers.

2.1.31 Responsibility for emissions would rest with the operator that actually operates the flight.
Guidance
2.1.32 The method for identifying the responsible aircraft operator would need to be sufficiently

precise to enable aircraft operators and regulators to identify the entity responsible for emissions from any
given flight whilst retaining flexibility to take into account the numerous types of commercial
arrangements common in the aviation sector. Examples of relevant indicators could be the AOC under
which the aircraft is operated or the ICAO designator used in respect of the flight.

2.1.33 To ensure that it is always possible to identify an aircraft operator responsible for the
emissions from a given flight, there should be a clear default position to determine the final responsibility
on objective grounds in case of disputes between the commercial entities involved in operating the flight.
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2.2  Emissions sources

Background

2.2.1 This section considers the following two issues:

1) the level at which obligations under an emissions trading scheme should be applied in the
aviation sector; and

2) whether the scheme should include a de minimis threshold.
Specific considerations

222 Current emissions trading schemes apply obligations separately to each fixed ground
based installation. This means that operators receive a separate allocation of allowances for each
installation and are required to monitor and report emissions and surrender allowances separately for each
installation. As aircraft are mobile sources of emissions and aircraft operators continually change routes,
frequencies, and the aircraft fleets that fly those routes, this installation-based approach is deemed
unsuitable for aviation.

223 Applying obligations at the level of an aircraft would result in a large number of separate
sources and would increase the administrative burden of the scheme for aircraft operators and regulators.
This would also be the case if the obligations under the scheme were applied at the level of flight routes.
It is therefore recommended that the obligations under the scheme should be applied on the basis of the
total aggregated emissions from all covered flights performed by each aircraft operator included in the
scheme.

Thresholds and Exclusions

224 In order to determine a basis for inclusion in emissions trading, two aspects can be
identified, namely the type of activity (i.e. commercial or general aviation) and the volume of activity (e.g.
number of flights, available tonne-kilometres or amount of emissions).

225 Further, a definition of threshold may be considered in order to establish an adequate
balance between emissions coverage on the one hand, and administrative burden on the other. Key
principles for defining a threshold are simplicity and avoidance of perverse incentives.

2.2.6 While it is recognized that it is sometimes desirable to exclude certain types of air
transport activity from an emissions trading scheme, any exemptions would require a strong justification.

22.7 Generally, a de minimis threshold can be based on aircraft weight, number of operations
or aggregate air transport activity.

2.2.8 In designing an inclusion threshold, care needs to be taken to minimise the incentive for
aircraft operators to deliberately avoid inclusion in the scheme by operating just below the threshold. To
minimise such avoidance, the inclusion threshold needs to be set at a level at which the potential
economic benefits from operating beneath the threshold are either totally or mostly counter-balanced by
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the economic inefficiency resulting from operating at this level. Regular review and possible adjustment
of the inclusion threshold would provide a further disincentive for aircraft operators to avoid inclusion.

Weight-based threshold

229 An example of a weight threshold in international legislation exists in ICAO Annex 16,
Volume I (Aircraft Noise). It uses a limit of 8,618 kg to distinguish aircraft covered by Chapters 3 and 4
from those covered under Chapters 6 and 10. The same limit has also been used in charging systems for
local emissions. For the purpose of technical regulations, ICAO Manual on the Regulation of
International Air Transport (Doc 9626) makes a distinction between large and small aircraft, using a limit
of 5,700 kg.

2.2.10 Because small aircraft tend to fly shorter distances and consume less fuel per distance,
their overall emissions contribution, relative to the number of operations, also tends to be small. The
exclusion of small aircraft may therefore not significantly affect the environmental effectiveness of an
emissions trading scheme.

2.2.11 An additional argument for setting a weight level is that the fleet mix for small aircraft is
very diverse, and ex ante emission calculations are relatively unreliable.

Operations-based threshold

2.2.12 Setting a threshold based on the number of operations does not take account of the
contribution of the operation to CO, emissions. The number of operations may be small, but the
contribution to CO, emissions could be significant.

Activity-based threshold

2.2.13 An inclusion threshold may be based on the total activity of an operator. One possibility
is to define the threshold based on the total CO, emissions. Another possibility is to define the threshold
in terms of the Available Tonne Kilometres (ATK) associated with each source.

2.2.14 If a source were defined as all flights by an operator within the geographical scope,
inclusion in the scheme would be determined by comparing the operator’s actual activity within the scope
with the inclusion threshold value. Care must be taken to prevent the creation of multiple separate sources
that each fall below the inclusion threshold.

Guidance

2.2.15 It is therefore recommended that the obligations under the scheme should be applied on
the basis of the total aggregated emissions from all covered flights performed by each aircraft operator
included in the scheme.

2.2.16 It is recommended, however, that aircraft operators ensure appropriate systems for data
collection and management prior to implementation of aviation into an emissions trading scheme.

2.2.17 States should seek to include all types of civil air transport operations in emissions
trading, without exception, recognizing that small operations or small aircraft may automatically be
excluded on the basis of an inclusion threshold.
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2.2.18 States should consider applying an inclusion threshold based on aggregate air transport
activity, aggregate CO, emissions and/or aircraft weight.
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2.3  Emissions species

2.3.1 Inclusion of aviation in an emissions trading system would require a decision regarding
aviation emissions to be covered by the scheme.

2.3.2 The primary direct greenhouse gas emissions of aircraft are carbon dioxide (CO,) and
water vapour (H,O). Other emissions are oxides of nitrogen (NOy), particles containing sulphur oxides
(SO,) and soot. The total amount of aviation fuel burned, as well as the total emissions of carbon dioxide,
NOy, and water vapour by aircraft, are well known relative to other parameters such as aerosols. These
gases and particles alter the concentration of ozone (O;) and methane (CH,), may trigger formation of
condensation trails (contrails), and may increase cirrus cloudiness — all of which may contribute to
climate change.

233 According to estimates produced in the IPCC aviation report (1999), the overall radiative
forcing from aircraft effects (excluding that from changes in cirrus clouds) in 1992 was a factor of 2.7
larger than the forcing by aircraft carbon dioxide alone.”> The IPCC concluded that there were varying
levels of scientific understanding (e.g. ranging from “very poor” in the case of cirrus to “good” for CO,)
associated with these effects. Further research into such non-CO, effects is ongoing, and IPCC is
expected to provide an update in its fourth assessment report due in 2007. These radiative forcings
represent the best estimate of the effects of aviation on climate for the reported year, i.e. 1992. However,
for aviation’s past, present or future emissions, the radiative forcing index should not be used to derive
relationships between emissions and marginal changes in climate, as the Global Warming Potential
(GWP) is intended to do.

234 The Global Warming Potential (GWP) metric was developed by the IPCC to compare
the climate impacts of changes on emissions of long lived well mixed gases to that of CO, over a specific
time horizon. It is used by the UNFCCC process in establishing emissions equivalencies for emissions
reduction targets and activities. CO, impacts from aviation are the longest lived and most well defined
and are readily defined in terms of GWP. Formulating GWPs from non-CO, effects from aviation has
conceptual difficulties and the IPCC (1999) stated that such GWPs were not adequate to describe the
climate impacts of aviation (see IPCC, 1999 Chapter 6 section 6.2.2).

235 For further information on emissions from the aviation sector please refer to the most
current [IPCC Assessment Report and the IPCC Special Report on Aviation and the Global Atmosphere.

Guidance

2.3.6 CO, emissions from aviation are the largest and most certain sources of GHG emissions
from the aviation sector; other non-CO, effects are potentially significant but there still exists a high
degree of scientific uncertainty associated with them.

2.3.7 Given these uncertainties, it is recommended starting with an emissions trading scheme
that includes CO, alone.

% The so-called RFI or radiative forcing index, is defined by the 1999 IPCC Special Report on “Aviation and the Global
Atmosphere” as the sum of all the forcings divided by the CO, forcing (chapter 6 paragraph 6.2.3)

? For further details see the 1999 IPCC Special Report on “Aviation and the Global Atmosphere” and the IPCC Third Assessment
Report: Climate Change 2001.
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2.3.8 This does not preclude States from considering the inclusion of other aircraft emissions
that contribute to climate change in a trading scheme, as scientific understanding evolves about the effects
of non-CO, aircraft emissions.
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CHAPTER 3 REGULATORY CONSIDERATIONS

3.1 International & domestic emissions

3.1.1 The UNFCCC framework addresses greenhouse gas emissions differently, depending on
whether they are generated by domestic or international operations. ICAO has developed, and is
continuing to develop, approaches to address greenhouse gas emissions from international aviation. For
countries with commitments under Annex B of the Kyoto Protocol, greenhouse gas emissions from
domestic aviation are included in their Kyoto targets.

3.1.2 Consistent with their Kyoto obligations, some countries listed in Annex B to the Kyoto
Protocol are developing policies and measures to address emissions from the domestic operations of their
air carriers. This difference between the approaches for addressing domestic and international emissions
makes it important to distinguish between international and domestic operations.

3.13 The need to define “‘international” versus “domestic” operations in the context of
emissions trading is a unique situation for the international aviation (and international maritime)
industries. Stationary sources, such as power plants, manufacturing facilities and the like, which are
subject to greenhouse gas emissions reduction targets by virtue of their State’s policies, are completely
resident within the States imposing those targets on their industries.

3.14 In contrast, aircraft (and ships) that travel internationally may be registered in States that
are not subject to greenhouse gas emission reduction targets and/or may travel to and from States that
may or may not be subject to such targets. Moreover, to the extent that States that have agreed to
emission targets under the Kyoto Protocol, only the domestic portion of aviation and maritime operations,
as defined in the UNFCCC framework, are subject to the State targets in the first Kyoto commitment
period (2008-2012).

3.1.5 The Intergovernmental Panel on Climate Change produced its 2006 Guidelines for
National Greenhouse Gas Inventories at its 25" session. These guidelines represent the state of the art
technical guidance of experts in the aviation, maritime, and inventory fields.

3.1.6 The guidelines clarify how countries differentiate between emissions from domestic and
international flights. Emissions from international aviation (International Bunkers) are defined as
Emissions from flights that depart in one country and arrive in a different country, including take-offs and
landings for these flight stages” (partial quote)*.

3.1.7 Emissions from domestic aviation are defined as “Emissions from civil domestic
passenger and freight traffic that departs and arrives in the same country (commercial, private,
agriculture, etc.), including take-offs and landings for these flight stages” (partial quote)’ °.

* The IPCC definition adds the following about military operations: “Emissions from international military aviation can be
included as a separate sub-category of international aviation provided that the same definitional distinction is applied and data are
available to support the definition.” This is of no relevance to the discussion in this document.

3 The IPCC definition adds the following about military operations: “Emissions from military flights are excluded as these are
reported under 1 A 5 b.” This is of no relevance to the discussion in this document.

® Note that this may include journeys of considerable length between two airports in a country (e.g. San Francisco to Honolulu).
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3.1.8 ICAO’s standard definition of “international” versus “domestic” flights is slightly
different than the definition in the IPCC guidelines, in that the ICAO definition of a “domestic flight”
does not include flights purely within one State that is not the principal place of business of the airline
operator, while the IPCC guidelines do consider such flights as “domestic.” For purposes of emission
trading, however, the IPCC guidelines definition is preferred, as States’ reporting obligations for
greenhouse gas emissions are based on the IPCC definition.

Guidance

3.19 States should use the IPCC 2006 Guidelines definition of international and domestic
emissions for the purposes of accounting GHG emissions as applied to civil aviation. It is important that
States apply this definition for purposes of any carriers included in the emissions trading scheme. The
IPCC approach is internationally accepted and will help ensure consistency between the various
approaches of States addressing domestic and/or international greenhouse gas emissions.
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3.2 Geographic scope

Background

3.2.1 This section provides guidance to States in making decisions relating to the geographic
scope of efforts to incorporate emissions from international aviation into their emissions trading schemes.
As the basis for the discussion in this section, it is assumed that the accountable entities would be the
aircraft operators (See Chapter 2.1)

322 On the issue of providing guidance to States on geographic scope the Council “requested
that CAEP, in completing its draft guidance, adopt the same principle used in the drafting of other key
elements of this guidance, by including the different options to geographic scope describing their
advantages and disadvantages and start to address the integration of foreign aircraft operators under a
mutually agreed basis, and continue to analyze further options.”

323 The ICAO Council, in the Summary of Decisions C-DEC 179/11 of 29/11/06, paragraph
2 f), in providing advice on progressing the matter of geographic scope, also “urged Contracting States to
refrain from unilateral action to implement an emissions trading scheme for international aviation before
the Council reports to the Assembly on its work to implement Assembly Resolution A35-5”. Resolution
35-5 also urges States to refrain from unilateral environmental measures that would adversely affect the
orderly development of international civil aviation.

324 Including emissions from stationary sources is geographically simple, because emissions
physically occur within the territory of a given State. However, this is not the case for emissions from
non-stationary sources, such as from international aviation, which by definition are not geographically
contained wholly within one State. This adds complexity to the inclusion of international aviation in an
emissions trading scheme.

3.2.5 The UNFCCC Secretariat, in advice to the 179th ICAO Council, confirmed that the
UNFCCC and the Kyoto Protocol confer no guidance in relation to emissions trading schemes not
provided for in either of these agreements. The Kyoto Protocol does not provide for inclusion of
international aviation emissions from either Annex I or non-Annex I Parties. Article 2.2 of the Kyoto
Protocol states that Parties “included in Annex I shall pursue limitation or reduction of emissions of
greenhouse gases not controlled by the Montreal Protocol from aviation...bunker fuels, working through
the International Civil Aviation Organization”.

Options for including foreign aircraft operators

3.2.6 A key issue for international aviation emissions trading is how States might integrate
emissions from aircraft operators of other States in a given emissions trading scheme. Generally there are
two approaches States could take to the integration of emissions from foreign aircraft operators into an
emissions trading scheme:

1) Mutual agreement; or

2) Alternative to mutual agreement.
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Mutual agreement

3.2.7 Under this approach, a State or group of States operating an emissions trading scheme
would seek to include foreign aircraft operators in the scheme through mutual agreement between the
State(s) responsible for administering the scheme and the State in which the aircraft operator is based.

3.2.8 The scheme would only include flights operated by aircraft operators registered in the
State(s) participating in the scheme. Aircraft operators from other states could only be obliged to
participate in the scheme on the basis of bilateral or multilateral agreements.

Advantages

3.2.9 An advantage of mutual agreement is that it provides for certainty in relation to the participation
of the covered foreign aircraft operators and facilitates the enforcement of obligations under the scheme.

3.2.10 A benefit of this type of approach would be equitable treatment in the sense that all
carriers operating on a given route within the jurisdiction and geographic scope of the scheme would be
subject to the same obligations.

3.2.11 This approach has the advantage of clear political acceptability in that explicit State by
State consensus would minimize the risk of disputes between States.

Disadvantages

3.2.12 If a State wanted to include all airlines operating on a given route, the mutual agreement
approach would have the disadvantage of requiring that State to negotiate agreements with all States
whose carriers operate on that route. This could be time-consuming and may increase the risk of a
fragmented approach.

3.2.13 The potential for State(s) to not accede to the inclusion of its carriers could result in the
non-equal application of the scheme and competitive distortion between carriers on the same route.

3.2.14 There could be additional complications such as avoidance behaviour if airlines change

leasing or code-share arrangements.

Alternative to mutual agreement

3.2.15 Under this approach, a State or group of States operating an emissions trading scheme
would seek to mandate the inclusion of foreign aircraft operators in a given emissions trading scheme in
the absence of specific mutual agreement.

3.2.16 Operators would be included in the scheme if they operate on the routes or within the
airspace covered by the scheme without distinction as to nationality.
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Advantages

3.2.17 Under this approach all carriers operating on the same route would be subject to the same
rules regardless of their nationality. Also, competitive distortions could be avoided, as long as all
operators have equivalent obligations.

3.2.18 This approach could provide for non-discriminatory treatment of carriers of other States.
Disadvantages
3.2.19 The approach has the disadvantage that it may be disputed, with potential consequential

delays and/or lack of uniformity.

3.2.20 This approach could also encourage aircraft operators to avoid the scheme, which could
also potentially lead to competitive distortion, trade disruptions and an increase in emissions.

3.2.21 The application of this approach, which may be appropriate for a State or group of States,
may not be appropriate for other States given the divergent approaches and circumstances of different
States.

Options for the architecture of geographic coverage

3.2.22 Once the matter of participation by foreign aircraft operators has been addressed, there
are the following architectural elements for a State to consider in deciding how to delimit the geographic
scope in an emissions trading scheme:

- Routes: those that delimit the geographic scope to incorporate emissions from
flights operated on selected routes. Including decisions regarding whether to incur
obligations on departure and/or arrival.

- Airspace: those that use nationality of airspace as a criteria for delimiting
geographical scope.

3.2.23 There are multiple considerations in choosing among the options for designating
geographic scope such as administrative burden, total emissions covered, accuracy or equity in treating
the source of emissions and potential compatibility with schemes adopted by other States. As States seek
to include international flights within their respective trading schemes, and different States might do so at
different times, it is preferable to have a common means of designating coverage so duplication is
avoided and the potential for compatibility is enhanced.

Routes

3.2.24 This option corresponds to delimiting the scope of the scheme to incorporate emissions
from flights operated on selected routes. State(s) participating in an emissions trading scheme will need
to decide which international routes are covered by the scheme. It is not necessary to cover all routes to
and from a country.

3.2.25 State(s) would need to decide whether to include in the scheme emissions from flights
arriving or departing on predetermined routes. A combination of the two could also be formed,
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corresponding to 50% of emissions from all arriving flights and 50% of all departing flights (an
apportionment would be necessary to avoid duplication). Given that most routes are generally operated
with the same frequencies in both directions, the three variants are more or less equivalent in emissions
coverage.

Advantages

3.2.26 A Dbenefit of not initially including all routes would be the increased ease of
implementation and administration.

3.2.27 An advantage of using solely the country of departure or arrival would be that should
additional States cover international aviation emissions in their schemes over time, this would avoid
duplication and would promote compatibility.

Disadvantages

3.2.28 A disadvantage to not including all routes would be the potential for inducing
competitive distortion. To avoid competitive distortion, it would be desirable to include routes to
locations that are geographically proximate.

3.2.29 The “50% & 50%” option would require for each flight an additional data report (of trip
fuel and/or emissions) and essentially double the number of flights to be accounted for in a given scheme.
This could create an additional administrative burden.

3.2.30 Another potential disadvantage is that it could encourage carriers to shift operations to

neighboring states not participating in the scheme, causing market distortions and potentially add to flight
distance and emissions.

Airspace

3.2.31 Under this approach only emissions within the national airspace of the State (or States)
administering the scheme would be included.

Advantages
3.2.32 This option is similar to how emissions from stationary sources are handled.
3.2.33 It treats carriers on the same routes over a designated airspace equally, reducing

possibility of market distortion.

3.2.34 It also averts political sensitivities of including emissions from operators outside of the
airspace of the emissions trading scheme.
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Disadvantages

3.2.35 Options defined solely on the basis of national airspace are inherently limited in their
coverage as emissions over the high seas will never be included and have the complication that they
would automatically include overflights, unless these were somehow exempted. This could create
significant administrative problems and enforcement difficulties.

3.2.36 Also, delimitation of geographical scope based on national airspace appears
impracticable. The inclusion of overflights is already complex to administer and the inclusion of other
measures to complete the coverage is increasingly complex with the added risk of double counting
emissions.

Guidance

3.2.37 States that wish to incorporate emissions from international aviation into their emissions
trading schemes consistent with ICAO AR35-5 should consider that the ICAO Council C-DEC 179/11:

“requested that CAEP, in completing its draft guidance, adopt the same principle used in the drafting of
other key elements of this guidance, by including the different options to geographic scope describing
their advantages and disadvantages and start to address the integration of foreign aircraft operators under
a mutually agreed basis, and continue to analyze further options”; and

“urged Contracting States to refrain from unilateral action to implement an emissions trading system for
international aviation before the Council reports to the Assembly on its work to implement Assembly
Resolution A35-5”.
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CHAPTER 4 TRADING UNITS

4.1 Including aviation in existing trading schemes

4.1.1 Emissions trading relates to the trading of emission allowances. An allowance grants
permission to emit a certain quantity of a substance into the air. These allowances can be defined by the
regulator of the scheme. One allowance is generally defined as a permit to emit one tonne of CO,-
equivalent.

4.1.2 Emissions from international aviation are not included in the targets set by the Kyoto
Protocol. Therefore unlike other sectors who might be involved in emissions trading, emissions from
international aviation are not covered by Assigned Amount Units (AAUs).

4.1.3 Trading between companies is not directly affected by the presence or absence of AAUS.
But trading between countries under the Kyoto Protocol uses AAUs as its currency. Some existing
trading schemes (such as the EU emissions trading scheme) deal with this by backing a transfer of
allowances in the scheme with a transfer of AAUs between trading registries in different countries, but
this is not possible for international aviation where there are no AAUs.

4.1.4 The key issue is that inclusion of aviation in existing trading schemes should not
undermine the Kyoto accounting system. In that context it should be clear which trading allowances are
backed by AAUs and which are not. This clarity will allow those sectors who have to surrender AAU
backed allowances as part of their obligations under a scheme to do so, and would also allow States to be
clear about the extent to which they had met their Kyoto obligations. This chapter sets out a range of
possible ways to do this. Most of the solutions here would also be appropriate for a State that had not
ratified Kyoto but wanted to include aviation in a trading scheme consistent with the United Nations
Framework Convention on Climate Change.

4.1.5 Because the international regulatory framework for addressing greenhouse gas emissions
for the period post-2012 is currently unknown, the options for solutions presented in this chapter focus on
the first Kyoto Protocol commitment period (2008-2012).

Options

4.1.6 The options fall into two categories. The first two options suggest ways to introduce
aviation into a trading scheme using only AAU’s, which would allow full trading between aviation and
other sectors. Options 3 to 6 consider emission trading with a combination of AAU’s and separately
defined aviation allowances, and any trading restrictions that might be necessary.

4.1.7 In options 1 and 3 to 6 a baseline is used. There is more detail on setting baselines in
chapter 5.
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AAU’s only

Option 1. Borrowing of AAU’s by the aviation sector

4.1.8 Under this option, AAU’s allocated under the Kyoto Protocol to cover non-aviation
sectors that are currently not in use could be borrowed temporarily by aviation. Aviation would be
allocated such AAUs and take on an obligation to surrender these allowances to cover their emissions.
When the allowances were surrendered, rather than being cancelled, they would become available again
for use by States to cover emissions from the sectors they were originally supposed to cover.

4.1.9 This would give aviation entities (aircraft operators) allowances that are fully fungible in
the trading market, so that the aviation sector would be free to buy and sell AAUs within the sector and to
trade with other sectors without any restrictions.

4.1.10 States may want to assess the risk that not all the allowances distributed to aviation are
surrendered back to them e.g. if emissions are lower than the total amount of allowances distributed. If
this occurs States would have to buy extra Kyoto units or, if still possible, take extra reduction measures
in order to restore the balance between emissions and Kyoto units.

Option 2. No allocation of allowances to the aviation sector

4.1.11 In this option the aviation trading entity would have to buy all the allowances required for
compliance from the market. This would increase the demand for Kyoto units, and might put pressure on
the price of these instruments. This option would also put a higher financial burden on the aviation sector
than the other possible solutions. States considering this option may want to assess these effects.

AAU’s and Aviation Allowances

4.1.12 Under options 3 to 6 separate aviation allowances are created and brought into
circulation. Because international aviation emissions are not included in the national Kyoto targets,
aviation allowances cannot be treated as AAU’s and cannot be counted against such targets. Special
accounting arrangements can avoid this situation, as described under options 3 through 6.

Option 3. Buy allowances to cover emissions above a non-tradable baseline

4.1.13 This option requires establishment of a non-tradable emissions baseline for aviation
trading entities. Aviation allowances would be distributed to the aviation entities for emissions up to the
baseline. They would not be able to trade these allowances, but could use them for compliance. If
emissions reach levels above the baseline, additional Kyoto units would need to be purchased.

4.1.14 If aviation trading entities meet their obligations by buying and surrendering Kyoto units
in addition to the aviation units initially distributed, States would have to cancel AAU’s relating to the
Kyoto units surrendered to avoid double counting.

4.1.15 The use of a non-tradable baseline means that the flexibility and efficiency of this system
is limited. The system is however relatively simple and does not require a separate registry to trade

aviation allowances. States may want to consider these two aspects.

Option 4. Buy allowances to cover emissions above a tradable baseline
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4.1.16 As in option 3, this option requires establishment of a baseline for aviation trading
entities. The difference is that under this option, the aviation allowances distributed to the aviation
entities would be tradable within the aviation sector. If emissions reach levels above this baseline,
additional Kyoto units should be acquired. The option differs from option 3 because of the tradability of
the baseline, thus offering more flexibility.

4.1.17 Under this approach, aviation would effectively participate in two separate schemes: the
Kyoto system and a specific aviation system. Kyoto units are valid under the Kyoto Protocol and can be
used to cover aviation emissions. In contrast, the aviation allowances would not be valid to cover Kyoto
obligations and therefore may not have a market value outside the aviation sector.

4.1.18 The existence in the same trading system of two kinds of allowances with different
validity and price, could result in economic inefficiencies. States should weigh this inefficiency against
the complexity of setting up a registry to accommodate trading of aviation allowances.

Option 5. Gateway

4.1.19 In this option aviation allowances are distributed up to a baseline, and are tradable within
the aviation sector. Additional allowances could be purchased from other sectors through a gateway
mechanism. Aviation entities would be able to sell allowances to other sectors as long as there was no net
transfer of aviation allowances to other sectors. If trading were going to breach this condition, the
gateway would close. This option offers more flexibility than options 3 and 4, as it would limit trading
only in those cases where aviation is a net seller. States considering this option will want to bear in mind
that aviation is expected to be a net buyer of allowances in an emissions trading scheme, so the gateway
may not need to close.

4.1.20 In practice, AAU’s that are transferred from the Kyoto system to the aviation sector
would be separated from the associated allowances and put in a dedicated account, while the allowances
would be distributed to the aviation entities. If an aviation entity intended to sell an allowance to a Kyoto
covered sector, this transaction could only be completed if there are sufficient AAU’s available in the
dedicated account. If that is the case, the aviation allowance would be coupled to an AAU and thus be
valid for Kyoto covered sectors.

4.1.21 To guarantee integrity of the combined Kyoto Protocol and the aviation system, at the
end of the trading period all the AAU’s remaining in that specific account should be cancelled.

Option 6. Clearinghouse

4.1.22 In this option the aviation sector first uses any excess allowances amongst its entities
before it buys Kyoto units to cover the remaining shortfall. Instead of individual aviation entities taking
action, as in the options 3, 4 and 5, in this option a clearinghouse would assume responsibility for settling
supply and demand of allowances among the aviation entities.

4.1.23 If certain aviation entities, due to emission reductions, hold excess allowances, the
clearinghouse would buy the surplus and sell it to aviation entities that have a shortage.

4.1.24 If the emissions of aviation as a whole were low in a certain year, the excess allowances
could be banked in the clearinghouse and (without a transfer of money) withdrawn in times of growth. If
the aviation sector as a whole requires more allowances from other sectors, the clearinghouse would buy
AAU’s from these other sectors.
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4.1.25
Kyoto market.

This option would avoid the possibility of aviation allowances flowing back into the

Summary

4.1.26 Table 2 summarises the most important aspects of the options described in this chapter.
While all options are considered feasible, different States may favour different options depending on their
own specific circumstances and policy preferences. For example, States that can achieve their Kyoto
target relatively easily might favour option 1. States that estimate the complexity of constructing a
gateway as a relatively minor problem might favour that option.

4.1.27 In all options the financial burden for the aviation sector depends in most cases on the
baseline level and AAU price. In option 2 there is no baseline level, so the burden only depends on the

AAU price. The AAU price may be influenced by the inclusion of aviation.

Table 2: Summary of key aspects

Option | Description Tradable | Interaction with Financial burden on Risk Kyoto | Point of attention
aviation | AAU’s possible? aviation sector? Target
allowances?
1 Borrowing No Full Depending on baseline level and | Some Might risk Kyoto target
AAU price
2 No allocation No Full Maximum, but depending on No May influence AAU price
AAU price
3 Non-tradable No Limited Depending on baseline level and | No Simple, limited economic
baseline AAU price flexibility
4 Tradable Yes Some limitation Depending on baseline level and | No Average complicated, some
baseline AAU price economic efficiency
5 Gateway Yes Up to a Maximum Depending on baseline level and | No Complicated, maximum
AAU price economic efficiency
6 Clearing house Yes Up to a Maximum Depending on baseline level and | No Complicated, maximum
AAU price economic efficiency
Guidance
4.1.28 States will need to make a choice about which option to pursue taking into account

economic efficiency, environmental integrity, and equity and competitiveness issues. They may take into
consideration that more economically efficient options, which offer the maximum flexibility to the
aviation sector, will tend to be more complex to administer.

4.1.29 States are advised to put in place an accounting arrangement that ensures that emissions from
international aviation are counted separately and not — whether deliberately or inadvertently — against the
specific reduction targets that States may have under the Kyoto Protocol.
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CHAPTER S TRADING SYSTEM ELEMENTS

5.1 Types of trading system

5.1.1 Two families of tradable allowance systems are generally distinguished: cap and trade
systems, and credit systems.

5.1.2 Under cap and trade systems (also referred to as tradable quota or allowance systems)
entities must obtain and hold emission allowances sufficient to cover actual emissions during a stated
compliance period.

5.1.3 Under credit systems (also referred to as baseline and credit) a baseline is used
representing an implicit authorization of emissions for the compliance period. Emission reduction credits
result when the actual performance—e.g. the actual emission level—is lower than the allowed
performance.

5.14 A variant of a basic cap and trade system or a credit system could be a hybrid approach
combining trading with a maximum price for allowances/credits (price- capped system).

5.1.5 The relationship between the base year (or base years) for setting the baseline as well as the
setting of targets or caps for the aviation sector in any trading system are specific aviation-related issues
to be considered.

5.1.6 However, for the aviation sector it would in any case be highly desirable to maintain a
certain compatibility of the chosen system with other existing systems in order to allow the sector to take
advantage of allowances from other sectors and from other greenhouse gas reduction mechanisms such as
CDM or JI (see 5.1.18).

Cap and trade systems

5.1.7 Allowance caps - whether for the overall system or a specific sector - can be of a number
of different types such as hard caps or ceilings on emissions, a rising or falling emissions path over time,
formula-based caps or caps or paths that are revised as circumstances warrant.

5.1.8 An important issue in choosing whether to use a sector-wide cap for aviation and in
defining the type and level of such a cap is the variability of emissions and how well emissions — and
costs — can be projected for the period during which the cap is binding.

5.1.9 If the sector-wide cap is too strict, then the sector as a whole may find meeting the cap to
be financially onerous. In an open system, costs to participants will be limited by the selling price of the
tradable instruments (allowances) in the market, e.g. Kyoto instruments (AAUs).

5.1.10 If, however, the sector cap is set too loosely, then it will not constrain emissions from the
sector, and so the system may not provide an overall environmental benefit.
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Credit systems

5.1.11 Two basic types of credit systems can be envisioned for aviation, namely a ‘binding
credit system’ and a ‘credit generation system’.

5.1.12 Under a binding credit system (also known as a ‘target system’), all participants are
required to meet emission limits. They have an emissions target (essentially a baseline) that they commit
to achieving, and can sell emission reductions generated below the target. There are no allowances
distributed initially to the entities, however.

5.1.13 Under a credit generation system, participants can voluntarily choose to generate
emission reductions by reducing emissions below a fixed baseline, but are not required to limit emissions
to the baseline. Only those participants that can reduce emissions at low costs would seek to generate
credits within such a system. For this type of system to work, a market for credits must exist outside the
system — e.g., entities with allowances requirements under another trading regime would be allowed to
buy and use aviation-generated credits for compliance.

System variants and other trading mechanisms

Price-capped systems

5.1.14 In a price-capped system a State sets a limit on the total allowances and a limit on their
market price. When the market price is below the limit, the system works as any trading system, giving
incentive to pursue abatement opportunities. When the market price reaches the limit, instead of covering
their emissions by surrendering allowances, accountable entities can cover their emissions by paying the
price cap per allowance they are short of. This approach does not guarantee a particular level of net
greenhouse gas emissions but it provides operators with cost certainty.

Dual target systems

5.1.15 Basically a dual target system is a variant of a credit system. In principle a dual target
system could work in a baseline and credit system as well as in a cap and trade system.

5.1.16 Under such a system, participating entities face two targets. The higher target is binding
in order to ensure the achievement of a minimum environmental goal. If emissions are above the higher
target, participants have to purchase allowances or credits on the market in order to be compliant. If
emissions are reduced below the lower target, the entity can generate tradable credits or allowances for
sale. If emissions fall in the area between the two targets, the entity does not have to buy credits or
allowances and it also does not generate tradable allowances.

5.1.17 This option might be of interest to the aviation sector as it tries to balance environmental
and economic uncertainty. So far it has not been tested. Predictions about the administrative costs and
related efficiency for monitoring and verification of compliance are not possible.

Project based mechanisms: Clean Development Mechanism and Joint Implementation

5.1.18 Under a system which is open for project based mechanisms such as Clean Development
Mechanisms (CDM) or Joint Implementation (JI) under the Kyoto Protocol, participating entities would
still be subject to whatever allowance caps or credit limits the system requires, and would at the same
time have access to credits from project-based mechanisms. In addition, however, participating entities
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would be allowed to purchase emission reduction credits generated by entities that are not subject to
absolute emission targets. This would be an addition to the system, with its associated set of rules and
requirements, to accompany the basic cap system.

Absolute and relative trading systems

5.1.19 From a methodological perspective, there are two choices for the units in which a cap or
a baseline can be specified by the member states. The first method is to specify the cap or baseline in
absolute terms (e.g., tons of CO,) in each year to be considered.

5.1.20 The second method is a relative approach where the cap or baseline is specified in terms
of a rate, such as carbon intensity (e.g., CO, per tonne kilometre), relative to an output variable that is
linked to economic activity (e.g. aircraft kilometres, passenger or freight kilometres, payload kilometres).

5.1.21 The application of this method implies the development of an appropriate intensity and
corresponding output measure. One feasible option would be the creation of a relative system based on
fuel used (CO,-emitted) per RTK (revenue tonne-kilometre).

5.1.22 Under this approach, it should, however, be recognized that the amount of CO,-emitted
per RTK may differ widely depending on the specific circumstances of different operators, varying by
distance, fleet characteristics and load factor. For example, if such as system was introduced and a fixed
target was agreed, operators of most shorter haul flights would have to buy credits while operators of the
longer haul flights would be able to sell credits.

5.1.23 As a variant to the examples mentioned above it would e.g. also be possible to impose
individual targets (expressed as a percentage of the individual baseline) per city pair. In this case an
individual baseline would have to be defined for each city pair by aircraft type serving these cities, which
would make this alternative rather cumbersome.

Advantages and Disadvantages of absolute and relative trading systems

5.1.24 The absolute approach provides greater environmental certainty, since emissions are
capped, at least at the entity level. Both absolute and relative caps or baselines can allow for reasonable
growth of emissions in line with existing plans.

5.1.25 From an administrative point of view the absolute approach is easier to design and
monitor, since it requires only one piece of data (emissions) instead of two (a rate and output measure).
However, depending on the rules governing its specification, the absolute emissions cap or baseline may
require more review on a case-by-case basis than the relative cap or baseline.

Flexibility and stringency

5.1.26 The generally observed high degree of variability and the associated unpredictability in
the aviation sector would suggest that emissions are difficult to predict on an entity level. States may wish
to consider ways to increase flexibility while maintaining established rules, such as:

Revisiting the distribution when output or other variables change;

Banking and borrowing (to even out allowance requirements over time);

Setting a multi-year budget period (such as the 5 year period under the Kyoto Protocol);
Using a credit system with a relative baseline or
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e Using a dual target system.

5.1.27 The key advantage of a credit or a dual target system is their ability to provide more
flexibility than a cap and trade system. Depending on how baselines are set for participants, a credit or
dual target system may be able to provide the necessary flexibility to enable compensation within the
system for economic growth and contraction, without imposing severe cost burdens on the participants or
allowing a detrimental effect on environmental quality. The integration of this type of system into an
existing cap and trade may however prove to be difficult.

Compatibility with project based mechanisms

5.1.28 When considering the inclusion of the aviation sector into an existing trading system the
compatibility of the system with project based mechanisms such as CDM or JI under the Kyoto Protocol,
could be a key decision element as it may offer an important source of additional credits for a sector
expected to be a net buyer. Aviation currently has no options to switch to other types of fuel and it has
already reached a significant level of fuel efficiency. This and the predicted growth-rates of the sector will
lead to a situation where the aviation sector will most likely not be able to meet stringent caps or baselines
through reduction activities within the sector. Thus the availability of allowances at a reasonable price
and/or the availability of such offsets (CDM, JI, etc.) for aviation are of utmost importance to the sector.

Guidance

5.1.29 States may use 3 different approaches to generate a baseline or a cap.

1. Set the baseline or the cap with reference to historic emissions in a year or a set of years, or a
set percentage below that historic level.

2. Use the baseline or cap to define an emissions performance standard—such as emissions per
unit of output (e.g. RTK’s or ATK’s) —against which emission reductions can be measured.

3. An emission baseline or a cap can be viewed as a projection of what would, or could, have
occurred, not what actually happened.

5.1.30 Choosing the assumptions for constructing a baseline (or an appropriate level for a target
or a cap) by the States for a sector requires weighing a number of potentially competing considerations.
Such considerations include the environmental effects of current and forecast emission rates and levels, as
well as the effects on emissions of actions that have already been taken to reduce emissions, which may
be taken into account either on a sector-wide basis or an individual-entity basis.

5.1.31 In determining allowance requirements, States should consider the potential contribution
of air navigation service providers to levels of emissions generated by aircraft operators: e.g. terminal
area holding patterns, indirect routing and en route delays. Considering data on average system delays
caused by air traffic would be an appropriate mechanism.

5.1.32 Considerations also include factors governing emissions reductions—the cost of further
reducing aviation related emissions, available technologies and the potential for emission reductions
within the sector or the individual entity.



2B-32 Appendix B to the Report on Agenda Item 2

5.1.33 Other factors include projected rates of growth in the industry and variability in growth
over time, the likely cost of allowance or credit purchases in an open system, and profitability in the
industry and impacts on competitiveness, i.e. the ability of the aviation industry to remain viable and
competitive. Many of these factors are uncertain, further complicating the process of setting an equitable
cap or baseline.

5.2 Distribution of emission allowances through benchmarking

5.2.1 Participation in an emissions trading scheme requires trading entities (aircraft operators)
to hold emissions allowances in order to cover their emissions and to be able to trade. Accountable
entities may receive their allowances at the start of the trading period either from auctioning or by being
distributed a given amount by the authority. Auctioning or grandfathering allowances from historic
emission do not bear aviation specific issues. This section therefore focuses on benchmarking as a
distribution method applied to aviation.

5.2.2 Under a benchmarking approach allowances are distributed according to a specific
formula based on a benchmark parameter that reflects the amount of emissions in relation to a level of
activity representative of the sector.

5.2.3 In order to design a cost-effective and efficient distribution system based upon
benchmarking particular attention has to be paid to the following points:

Technical feasibility / verifiability

Standardization / simplicity

Transparency

Minimizations of perverse incentives

Provision of incentives for best practice and clean technology
Network and operational efficiencies

Avoidance of excessive distributional impacts between operators

5.2.4 In addition it has to be considered that benchmarking and grandfathering approaches do
not have the same data requirements. While a grandfathered distribution system would require historic
emissions data, a benchmarked distribution system requires the collection of appropriate activity data.

5.2.5 Although the air transport sector has a number of common characteristics, such as the use
of a homogeneous fuel type, it provides a wide range of services as reflected in the large variation in
operators’ business models. For benchmarking to be used successfully as a method for distributing
emissions allowances, the activity parameter will need to avoid unintended distributional effects between
different business models as much as possible.

Basic design options

Definition

5.2.6 In order to determine how the fuel (or energy) efficiency performance of an operator
compares with that of other operators in the sector, a benchmark parameter must be defined. This can be
achieved in different ways, for example by comparing the operator’s performance against a sector
average, a percentile value, or a theoretically “best achievable” level. In this respect two operators
producing the same amount of activity will receive the same amount of permits but the one with the better
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performance (i.e. lower energy consumption) will have to surrender fewer permits than its competitor at
the end of the trading period.

5.2.7 A benchmark parameter is typically defined in terms of emissions per unit of output,
‘activity’ or as a technology factor applied to historic emissions. Activity levels in air transport can be
expressed by way of different variables, such as the number of operations, flight distance, capacity
offered, or payload transported

5.2.8 The combination of these variables for a particular operator will reflect its geographic
location and the product characteristics in the markets in which it operates..

Choice of reference year

5.2.9 Distribution of allowances will be proportional to the production of a chosen reference
year. The most recent year of available data could be considered an appropriate reference year. However,
in the airline industry, it may be preferable to include several consecutive years in the base period, as this
would level out the effects of economic cycles, short-term differences in investment cycles and unusual
events.

Potential benchmarking methods

5.2.10 A range of potential benchmarking methodologies and parameters can be considered.

5.2.11 One possibility would be to define the benchmark parameter as an average value of
emissions per payload kilometre, using Revenue Tonne-Kilometres (RTK) as a measure for an entity’s
accountable activity, according to the following formula:

n
(QE-T)
A= —o *RIK
2. RTK;
in which
A = Amount of emission allowances distributed to each entity for the commitment period
n = Total number of entities
2. RTK; = Total revenue tonne kilometre of all flights considered in the trading scheme in the
reference period
RTKi = Revenue tonne kilometres performed under the scheme by entity i in the reference
period
2 E; = Total emissions of all flight considered in the commitment period
E; = Emissions considered for entity i in the commitment period
T = Emission reduction target
5.2.12 Another possibility would be to characterize the activity level in terms of transport

capacity. In this case, the benchmark parameter could be expressed as an average value of emissions per
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unit of available capacity, using Available Tonne Kilometers (ATK) as a measure, using basically the
same formula by substituting ATK for RTK.

5.2.13 Also other benchmarking methodologies are possible, such as using technology factors
expressed in terms of specific fuel consumption and applied to historic emissions.

5.2.14 Any benchmarking approach should try to minimise undesirable effects for operators that
are active in the same market. For instance, emissions per RTK tend to be lower for long haul flights than
for short haul flights because of the higher fuel efficiency achieved during cruise. On the other hand, on
very long haul flights efficiency may be lower due to the fact that more fuel is burned in order to carry the
extra fuel needed for the longer flight.

5.2.15 Therefore, an approach based on traditional airline activity measures such as RTK, may
lead to different reduction burdens for short-, middle- and long-haul flights. An approach using categories
of aircraft families or ranges or using a standardized measure based on transport capacity (e.g. a
standardized ATK based upon a common calculation methodology) could be used to avoid unintended
distributional effects between different business models as much as possible.

Guidance

5.2.16 For benchmarking to be used successfully as a method for distributing emissions
allowances, the benchmark parameter should be designed to reward previous investments in new
technology and provide incentives to operate the most emissions efficient aircraft in the most efficient
way into the future, whilst avoiding unintended distributional effects between different business models
as much as possible.

5.3 Treatment of new entrants and changes in operation

5.3.1 States may consider how to treat new entrants and changes in operation. The treatment of
new entrants and changes in operation is relevant to emissions trading schemes where allowances are
distributed free of charge on the basis of a grandfathering or benchmarking method. There may be a
greater need to make provision for new entrants if the allocation periods are long.

5.3.2 One option would be not to make any special provision for new entrants or changes in
operation. Operators could simply be required to buy allowances on the market. Alternatively States may
decide to create a reserve of allowances for allocation to new entrants and/or changes in operation. States
considering whether to create some sort of new entrant reserve will need to consider the administrative
complexity of developing and implementing such a reserve.

5.33 If it were decided to make some form of special provision, it would be necessary to
define the terms new entrants and/or changes in operation. In the context of aviation, a new entrant could
be defined as any aircraft operator (as defined in Chapter 2.1 of this guidance) that starts flight operations
under the scope of the trading scheme for the first time. Examples of a change in operation might be the
introduction of a new flight route or an increase in the frequency of flights on an existing route. In order
for the scheme to be workable, any changes in operation would need to be identifiable and capable of
independent verification.

534 It would also be necessary to define how any allowances would be allocated to new
entrants/changes in operation for which no historic data would be available.
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5.3.5 The creation of a reserve of allowances for new entrants could help provide access to the
market for new operators. However, the total of allowances available to existing entities in the system
plus the allowances assigned to the new entrants reserve may in such a case not exceed the overall amount
of allowances available for allocation to the aviation sector. A new entrants reserve would therefore
reduce the amount of allowances available to entities already operating in the scheme.

5.3.6 If it is decided to make provision for the allocation of allowances to new entrants and/or
changes in operation, states will need to consider how to treat aircraft operators that cease to operate, stop
operating on certain routes or decrease the number of flights operated.

Guidance

5.3.7 Under allowance distribution methods based on grandfathering or benchmarking States
may wish to whether to make special provision for new entrants. The two main options are:

1. New entrants are required to buy allowances on the market until the next distribution
period. Operators can retain allowances if they stop operating or reduce their operations.

2. A proportion of the allowances allocated to the aviation sector are used to create a new
entrant reserve to enable allocations of allowances to be made to new entrants on a similar basis
to allocations to existing operators.
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CHAPTER 6 ADMINISTRATIVE PROCEDURES
6.1 Monitoring and reporting

6.1.1 A basic feature of emissions trading schemes is the requirement for emissions to be
monitored and periodically reported. The accountable entity, the entity responsible for monitoring and
reporting emissions, as well as the methodology to be used for calculating emissions must be defined
prior to inclusion of a sector in an emissions trading scheme.

Monitoring and Reporting obligations

6.1.2 To establish emission inventories for accountable entities such as individual aircraft
operators, States can rely either on self-reporting by trading participants or reporting by third parties. It is
important to note that there is a distinct difference between monitoring and reporting at a state level
versus a trading entity level. Additional information regarding the former can be found in the 2006 IPCC
Guidelines for National Greenhouse Gas Inventories.

Monitoring and Reporting data

6.1.3 For monitoring purposes, emissions can either be calculated based on actual trip fuel or
based on flight movement data.

6.1.4 If monitoring of emissions is calculated on the basis of actual trip fuel, CO, emissions
can be derived from the carbon content of that fuel. Aircraft emissions would be calculated according to
the generic formula:

< Emissions > = < Fuel Consumption > * < Emissions Factor >

6.1.5 CO, emission factors depend on the fuel type, the carbon content and the fraction of the
fuel oxidised. They should roughly be within a range of +5 percent of actual emissions. [IPCC default
values for the CO, emission factors as published in the 2006 IPCC Guidelines for National Greenhouse
Gas Inventories can be used by States. For jet fuel (based on mass) the IPCC default value is 3.16. In
other words, the burning of 1 tonne of jet fuel produces 3.16 tonnes of CO,. The same value is used by
ICAO.

6.1.6 Because the use of actual trip fuel would provide information relating to each individual
flight, both the accuracy of the reported data as well as the environmental effectiveness of the emissions
trading system would benefit.

6.1.7 If actual trip fuel data cannot practicably be obtained, emissions modelling techniques
can be used to calculate estimates. The detail available can range from origin and destination (OD) data to
actual flight movement data with full flight trajectory information.

6.1.8 The method based on origin and destination data involves the calculation of average fuel
consumption and emissions for a range of representative aircraft categories for the origin-destination
flight distance. Examples include the EMEP/CORINAIR (Core Inventory of Air Emissions in Europe)
Emission inventory guidebook.
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6.1.9 The method based on actual flight movement data involves the calculation of fuel
consumption and emissions throughout the full trajectory of each flight segment using aircraft and engine-
specific aerodynamic performance information. Compared to the method based on the origin-destination
flight distance this method offers increased accuracy since the estimation is based on individual flights
and therefore would improve the environmental and economic effectiveness of the system. Examples
include the System for assessing Aviation’s Global Emissions (SAGE), by the United States Federal
Aviation Administration, and AERO2k, by the European Commission.

Guidance

6.1.10 Two basic options for monitoring and subsequent reporting of CO, emissions can be
considered: (i) calculation based on the carbon content of the actual trip fuel, and (ii) estimation based on
actual flight movement data or origin and destination (OD) data.

6.1.11 When possible the method with the highest accuracy based on actual trip fuel data should
be applied, and perhaps incentivised. For those trading entities (aircraft operators) that cannot meet high
reporting standards, a minimum reporting standard based on emissions modeling techniques could be set
that is consistent across the sector.

6.2 Verification
6.2.1 To ensure environmental integrity of the trading system effective and independent

verification procedures should be defined. Such procedures will also help to ensure equitable treatment of
all participants and identify the need to correct data or calculation errors.

6.2.2 An entity that meets the auditing capabilities required by the State shall carry out a
predefined verification procedure. ICAO could be considered along with State accredited verification
entities to facilitate or assist such verification.

6.2.3 Several methods exist to verify the emissions reported. Firstly, aircraft operators could
submit emissions data to the verification entity, based on actual fuel use.

6.2.4 Secondly, air navigation service providers could in cooperation with the verification body
calculate estimates of actual emissions using best available data with regard to flight paths, aircraft and
estimated aircraft weight.

6.2.5 Thirdly, aviation authorities could provide the verification body with calculated
emissions based on actual individual flight data submitted by aircraft operators. Annex 6 to the Chicago
Convention requires an operator to maintain fuel and oil records, to be retained for a period of three
months. Such requirements for example exist under the US Federal Aviation Regulations (FAR) and the
Joint Aviation Requirements (JAR) in Europe.

6.2.6 Flight specific information needed for reporting and verification purposes may be subject
to concerns regarding commercial confidentiality. States should ensure that appropriate arrangements are
in place to protect confidentiality. For example, it may be possible to secure confidentiality by reporting
data in aggregated form over a predefined period.

6.2.7 In addition, fuel use data collected by States and regulatory authorities outside the
emissions trading system could be used to compare against data submitted by the reporting entity or
against modelled estimates.
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6.2.8 Consideration must be given to the fact that flight recorder data may not be easily
obtainable which could increase the administrative burden of this approach.

6.2.9 A fourth approach may be envisaged in which a calculated estimate of the emissions is
used as the basis for verification but where the reporting entity is allowed to demonstrate with actual fuel
use data that its emissions are below the calculated estimate. In order to reduce the administrative burden,
the verification body can use this data to adjust the calculated estimate for the subsequent year if it
accepts the actual fuel use data submitted by the reporting entity.

Guidance

6.2.10 Verification should be carried out by an accredited organisation independent of the
organisation whose data are being verified, with the aim of verifying the reliability, credibility and
correctness of the data. The State is responsible for the accreditation of such entities.

6.3 Enforcement

6.3.1 Effective enforcement of emission reduction obligations is required to assure the
environmental integrity of the trading system and to protect the interests of compliant participants.

6.3.2 The effectiveness of enforcement depends upon several factors, including the frequency
and quality of verification, government attitude, and legal constraints on the types of penalties that can be
imposed.

6.3.3 Deterrence of non-compliance is key to designing an effective enforcement mechanism..
This may involve establishing penalties for non-compliance at meaningful levels and providing for public

disclosure of information on the compliance status of trading participants.

6.3.4 Various types of penalties for non-compliance can be considered. Among these are:

e Monetary penalties, set at a level higher than the market price of an allowance times the
number of allowances exceeded;

e Trading restrictions within the trading system; and

e Reduction of the number of allowances distributed for subsequent compliance periods.

6.3.5 States could also consider the penalty system in use for other sectors and apply similar
penalties as far as possible to international aviation as well.

Guidance

6.3.6 Various options are available for the penalties that might be used. Among them are:
® Monetary penalties.

e Restricting a noncompliant participant’s rights under the trading system.
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e Reducing the number of allowances assigned for subsequent periods.
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GLOSSARY

The terms contained herein are not intended to be universal definitions, but rather to clarify concepts as
used in this document.

Accountable Entity
A physical or legal person which, in a given emissions trading scheme, is responsible for emissions from
international aviation under the scheme.

Aerial work operation
An aircraft operation in which an aircraft is used for specialized services such as agriculture, construction,
photography, surveying, observation and patrol, search and rescue, aerial advertisement, etc.

Air Operators Certificate (AOC)
A certificate authorizing an operator to carry out specified commercial air transport operations.

Air navigation service provider (ANSP)
A body that manages flight traffic on behalf of a company, region or country.

Allocation
Method for initial distribution of allowances among States for a commitment period.

Allowance (Emission allowance)

An allowance is a tradable emission permit that can be used for compliance purpose in an emissions
trading system. An allowance grants the holder the right to emit a specific quantity of pollution once (e.g.
one tonne of COy).

Annex B Countries
Annex B countries are the 39 emissions-capped industrialised countries and economies in transition listed
in Annex B of the Kyoto Protocol.

Annex I Countries
Annex I countries are the 36 industrialised countries and economies in transition listed in Annex I of the
United Nations Framework Convention on Climate Change (UNFCCC).

Anthropogenic greenhouse-gas emissions
Greenhouse-gas emissions resulting from human activities.

Assigned Amount (AA) and Assigned Amount Units (AAUs)

A Kyoto Protocol unit equal to 1 metric tonne of CO, equivalent. Each Annex I Party issues AAUs up to
the level of its assigned amount, established pursuant to Article 3, paragraphs 7 and 8, of the Kyoto
Protocol. Assigned amount units may be exchanged through emissions trading.

Auctioning
Auctioning is an initial distribution method in which allowances are sold in an auction.

Available Tonne Kilometres (ATK)
Available (offered) capacity for passengers and cargo expressed in metric tonnes, multiplied by the
distance flown.
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Baseline
Total amount of allowances distributed to a sector or an individual trading entity.

Benchmarking
An initial distribution method in which allowances are allocated free of charge based on a specific
benchmark, for example emissions per unit of output.

Bunker fuels
A term used to refer to fuels consumed for international marine and air transport.

Business Aviation
Business aviation, one of the components of general aviation, consists of companies and individuals using
aircraft as tools in the conduct of their business.

Cap and Trade

The Cap and Trade system involves trading of emission allowances, where the total amount of allowances
is strictly limited or 'capped' by a regulatory authority. Allowances are created to account for the total
allowed emissions. At the end of each compliance period each entity must surrender sufficient allowances
to cover its emissions during that period. Trading occurs when an entity can reduce units of emission at a
lower cost than another entity and then sells the allowance. A Cap and Trade system is generally based on
those entities included in the cap.

CO,

Carbon dioxide, a naturally occurring gas that is also a by-product of burning fossil fuels and biomass,
land use changes and other industrial processes. Carbon dioxide is the reference gas against which the
global warming potential of other greenhouse gases is measured.

CO, Equivalent (CO,e)
The universal unit of measurement used to indicate the global warming potential (GWP) of a greenhouse
gas.

Cost(s)
Direct cost for buying emission permits. Indirect cost for operation of an Emissions Trading System.

Certified Emission Reductions (CERs)
A Kyoto Protocol unit equal to 1 metric tonne of CO, equivalent. CERs are issued for emission
reductions from CDM project activities.

CH,4
Methane, a greenhouse gas.

Cirrus cloud
A type of cloud composed of ice crystals and shaped like hair filaments. May partly be aviation induced.

Clean Development Mechanism (CDM)

A mechanism under the Kyoto Protocol through which developed countries may finance greenhouse-gas
emission reduction or removal projects in developing countries, and receive credits for doing so which
they may apply towards meeting mandatory limits on their own emissions.
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Closed emissions trading
An emissions trading scheme that is designed to limit or reduce emissions within one sector only without
providing access to allowances or credits outside the scheme.

Code Sharing

Code sharing refers to a practice where a flight operated by an airline is jointly marketed as a flight for
one or more other airlines. Most major airlines nowadays have code sharing partnerships with other
airlines, and code sharing is a key feature of the major airline alliances.

Commercial air transport operation
An aircraft operation involving the transport of passengers, cargo or mail for remuneration or hire.

Contrails
The condensation trail left behind jet aircraft. Contrails only form when hot humid air from jet exhaust
mixes with ambient air of low vapour pressure temperature.

Credit

A term most commonly used in relation to emission reductions that have been achieved below a
predefined, agreed baseline. Once the reduction has been verified by an accredited entity, the authority
issues a credit. The credit grants the holder the right to emit a specific quantity of pollution once (e.g. one
tonne of CO,).

Distribution
Method for apportioning allowances among accountable entities.

Domestic flights
Emissions from civil domestic passenger and freight traffic that departs and arrives in the same country
(commercial, private, agriculture, etc.), including take-offs and landings for these flight stages.

Dry lease
A leasing arrangement in which only the aircraft is provided, without crew or maintenance guarantees.
Under a dry-lease arrangement, the aircraft is operated under the AOC of the lessee.

Emission Inventory
An Emission Inventory is a report on actual emissions.

Emission Reduction Unit (ERU)
A Kyoto Protocol unit equal to 1 metric tonne of CO, equivalent. ERUs are generated for emission
reductions or emission removals from joint implementation project.

Emissions Trading

Emissions trading is a market-based system that in principle allows entities the flexibility to select cost-
effective solutions to achieve established environmental goals. With emissions trading, entities can meet
established emission goals by: (a) reducing emissions from a discrete emissions unit within an entity’s
boundaries; (b) reducing emissions from another place within the entity; or (c) securing emission
reductions from the marketplace. Emissions trading encourages the implementation of cost-effective
emission reduction strategies and provides incentives to emitters to develop the means by which
emissions can inexpensively be reduced. Under the Kyoto Protocol, “emissions trading” is one of the
three Kyoto mechanisms, by which an Annex I Party may transfer Kyoto Protocol units to or acquire
units from another Annex I Party. An Annex I Party must meet specific eligibility requirements to
participate in emissions trading.
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European Union (EU)

The European Union (EU) is a supranational and intergovernmental union of 25 (27 as of 1st January
2007) independent, democratic member states. The European Union is the world's largest confederation
of independent states, established under that name in 1992 by the Treaty on European Union (the
Maastricht Treaty). However, many aspects of the Union existed before that date through a series of
predecessor relationships, dating back to 1951.

Flexible Mechanisms

The Kyoto Protocol has provisions that allow for flexibility in how, where, and when emissions
reductions are made via three mechanisms: the Clean Development Mechanism, International Emission
Trading and Joint Implementation.

Fungibility
The inter-changeability of emission units (allowances or credits) among the mechanisms.

Gateway

Instrument created to solve trading problems due to lack of AAUs for international aviation under the
Kyoto protocol. The aviation sector obtains allocated allowances and can, as a maximum, sell as many
allowances as it has already bought during the trading period from non-aviation sectors.

General aviation operation
All civil aviation operations other than commercial air transport operations or aerial work operations.

Geographical scope
Refers to the geographical coverage of aviation emissions under the trading scheme, i.e. specification of
the countries, routes and type of flights/aircraft to be included.

Greenhouse gases (GHGs)

The atmospheric gases responsible for causing global warming and climate change. The major GHGs are
carbon dioxide (CO,), methane (CH4) and nitrous oxide (N,O). Less prevalent --but very powerful --
greenhouse gases are hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphur hexafluoride
(SF6).

GTI
Global Temperature Index.

GTP
Global Temperature Potential, indicates global mean temperature change as a result of emissions of a
greenhouse gas.

GWP

Global Warming Potentials (GWP) are calculated as the ratio of the radiative forcing of one kilogramme
greenhouse gas emitted to the atmosphere to that from one kilogramme CO, over a period of time (100
years). Carbon dioxide has been designated a GWP of 1; Methane, for instance, has a GWP of 23.

Grandfathering
Method for the initial distribution of allowances free of charge to entities in an emission trading scheme
according to historical emissions.
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H,O0
Water (vapour)

HC
Hydrocarbons.

HFCs
Hydrofluorocarbons, a group of greenhouse gases subject to limitations under the terms of the Kyoto
Protocol.

Integrated Trading
An open emissions trading approach whereby international aviation emissions are incorporated into
emissions trading schemes consistent with the UNFCCC process and the Chicago Convention.

Intergovernmental Panel on Climate Change (IPCC)

The Intergovernmental Panel on Climate Change (IPCC) has been established by the World
Meteorological Organisation (WMO) and the United Nations Environmental Programme (UNEP) to
assess scientific, technical and socio- economic information relevant for the understanding of climate
change, its potential impacts and options for adaptation and mitigation. It is open to all Members of the
UN and of the WMO.

Joint Implementation (JI)

A mechanism under the Kyoto Protocol through which a developed country can receive "emissions
reduction units" when it helps to finance projects that reduce net greenhouse-gas emissions in another
developed country (in practice, the recipient state is likely to be a country with an "economy in
transition"). An Annex I Party must meet specific eligibility requirements to participate in joint
implementation.

Kyoto Commitment Period

The Kyoto commitment period is the period in which Annex B countries that have ratified the Kyoto
Protocol have committed to reduce their collective emissions of greenhouse gases by an average of 5.2%
(2008 to 2012).

Kyoto Mechanisms

Three procedures established under the Kyoto Protocol to increase the flexibility and reduce the costs of
making greenhouse-gas emissions cuts; they are the Clean Development Mechanism, emissions trading,
and joint implementation.

Kyoto Protocol

An international agreement standing on its own, and requiring separate ratification by governments, but
linked to the UNFCCC. The Kyoto Protocol, among other things, sets binding targets for the reduction of
greenhouse-gas emissions by industrialized countries.

Kyoto Unit

A unit, representing the equivalent of one tonne of carbon dioxide emissions, that a Party to

the Kyoto Protocol can surrender to meet its Kyoto obligations. These units are tradable between Kyoto
Parties and includes AAUs, CERs, ERUs, and RMUs.
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Leasing
A commercial arrangement whereby one party (the lessor) agrees to provide an aircraft for use to another
party (the lessee). (See also >> dry lease and >> wet lease).

Lessee
The party receiving an aircraft under a leasing arrangement.

Lessor
The party providing an aircraft under a leasing arrangement.

NOx
Nitrogen oxides, a generic term for oxides of nitrogen (NO, NO,, NO3).

N, O
Nitrous oxide, a greenhouse gas.

Non-Annex B Countries
Countries not included in Annex B of the Kyoto Protocol. Non-Annex B countries currently do not have
binding emission reduction targets.

Non-Annex I Countries
Countries not included in Annex I of the United Nations Framework Convention on Climate Change
UNFCCC.

0O;
Ozone.

Offsets
An emissions reduction achieved by undertaking a greenhouse gas emission reduction project.

Open emissions trading

An emissions trading system where allowances can be traded in and outside the given scheme or sector.
E.g., within an emissions trading scheme for aviation, participants would be allowed to buy allowances
from sectors outside the aviation emissions trading scheme.

Operator
A person, organization or enterprise engaged in or offering to engage in an aircraft operation.

PFCs
Perfluorocarbons, a group of greenhouse gases.

Radiative forcing (RF)

A change in average net radiation (in Wm-2) at the top of the troposphere resulting from a change in
either solar or infrared radiation due to change in atmospheric greenhouse gas concentrations; perturbance
of the balance between incoming solar radiation and outgoing infrared radiation.

RFI
Radiative Forcing Index
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Removal Unit (RMU)

A Kyoto Protocol unit equal to 1 metric tonne of carbon dioxide equivalent. RMUs are generated in
Annex I Parties by land use, land-use change and forestry (LULUCF) activities that absorb carbon
dioxide.

Revenue Tonne Kilometres (RTK)
Utilized (sold) capacity for passengers and cargo expressed in metric tonnes, multiplied by the distance
flown.

Soot
Substance emitted by aircraft; may have both warming and cooling climate impacts.

SBSTA

The UNFCCC Conference of Parties (COP) established the Subsidiary Body for Scientific and
Technological Advice (SBSTA). SBSTA provides advice to the COP on scientific, technological and
methodological matters.

Sulphate
Substance emitted by aircraft, which may have a cooling impact.

SFe
Sulphur hexafluoride, a greenhouse gas.

Surrendering
Handing in of allowances for emissions by the accountable entity in order to fulfil the obligations under
the emissions trading scheme.

Tankering
The practice of aircraft operators taking up fuel at airports with lower fuel prices.

Trading entity
Entities obliged to surrender allowances for emissions generated that are allowed to trade.

United Nations Framework Convention on Climate Change (UNFCCC)

The Convention on Climate Change sets an overall framework for intergovernmental efforts to tackle the
challenge posed by climate change. It recognizes that the climate system is a shared resource whose
stability can be affected by industrial and other emissions of carbon dioxide and other greenhouse gases.
The Convention enjoys near universal membership, with 189 countries having ratified. Under
the Convention, governments gather and share information on greenhouse gas emissions, national
policies and best practices, launch national strategies for addressing greenhouse gas emissions and
adapting to expected impacts, including the provision of financial and technological support to
developing countries and cooperate in preparing for adaptation to the impacts of climate change.

Verification

Verification provides independent assurance that emissions reporting has been realised in an accurate
manner. The verifiers are accredited. The level of assurance provided will depend on the scope of the
verification which is usually agreed by the transacting parties and may include: adequacy of measuring
and monitoring systems for emission reduction credits, reviewing the operations of the underlying
emission reductions project etc.
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Wet lease

A leasing arrangement in which the aircraft is provided plus at least one pilot. Under a wet-lease
arrangement, the aircraft is normally operated under the AOC of the lessor. A wet lease is typically
utilized during peak traffic seasons or annual heavy maintenance checks, or to initiate new routes. When
an air carrier provides less than an entire aircraft crew, occasionally the wet lease is referred to as a damp
lease.
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Chapter 1 - Scope of Guidance and Application of Existing ICAO Policies on Charges to
Aircraft Emissions Charges Related to Local Air Quality

1.1

1.1.1

1.1.2

1.2

1.2.1

1.2.2

Introduction and Background

In the context of emissions related levies, the 35" Assembly of ICAO recognized
the continued validity of the Council’s Resolution of 9 December 1996 on
Environmental Charges and Taxes which applies to emissions in general. It also
requested that the ICAO Council develop further guidance on emissions levies
related to local air quality.

This guidance was developed to respond to this Assembly request. It is intended to
assist those States that have decided to levy emission charges on aircraft with
respect to aircraft emissions that have local air quality effects or intend to do so.
Specifically, this guidance addresses how to implement such charges consistent with
ICAO policy. It should be noted that the guidance is not of a regulatory nature.
Rather, it provides States with advice and information that they may need or find
helpful. This guidance cannot, and does not purport to, cover every conceivable
issue that might arise; indeed ICAO recognizes that States have their own legal
obligations, existing agreements, current laws and established polices. States should
therefore exercise discretion in applying this guidance to their specific
circumstances.

Scope of the Guidance and Key Terms

Consistent with the remit to develop guidance on implementing local emissions
charges, this guidance only addresses such charges. ICAO has an environmental
goal to limit or reduce the impact of aviation emissions on local air quality. Charges
are but one potential means for addressing aircraft emission issues. The Assembly
requested the Council “to continue to study policy options to limit and reduce the
environmental impact of aircraft engine emissions placing special emphasis on the
use of technical solutions while continuing its consideration of market-based
measures.” Assembly Resolution A35-5, Appendix H, Action Clause 2b). Further,
when market-based measures such as emissions charges are adopted, States are
encouraged “to evaluate the costs and benefits of the various measures, including
existing measures, with the goal of addressing aircraft engine emissions in the most
cost-effective manner.” Assembly Resolution A35-5, Appendix I, Action Clause 2.
Thus, for purposes of this guidance, it is assumed that a State (or its delegate) that
has chosen to proceed with a local emissions charge on aircraft already has
considered a range of options and has carried out a cost-effectiveness analysis and
that the State is in the implementation stage for such a measure. By providing this
guidance, ICAO does not mean to promote the use of emissions charges. However,
it provides this guidance to promote consistency in approaches among those States
that have decided to employ such charges.

While this guidance focuses on implementation of a local emissions charge, it may
also be of assistance to those States (or their delegates) that are in the earlier stage of
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considering whether to proceed with a local emissions charge, as compared to other
options. In such a case, the State (or its delegate) could use the guidance to assist in
its consideration of a potential charges measure.

1.2.3 In the context of this guidance, the following terms are defined as meaning:

a) Aircraft Emissions with Local Air Quality Effects: For the purposes of this
guidance, aircraft emissions with local air quality effects are defined as
those aircraft emissions generated in the vicinity of an airport by aircraft
either arriving or departing from that airport. The aircraft emissions include
those generated from aircraft main engines either on the ground or in the air
up to a level deemed to have local effect, as defined by the jurisdiction
where the emissions are released. The aircraft pollutants of concern for
these purposes are those gaseous emissions currently controlled for
certification of aircraft engines under ICAO Annex 16, volume 1II, including
oxides of nitrogen (NOx), carbon monoxide (CO), and hydrocarbons (HC).
It is also recognized that secondary pollutants and particulate matter (PM)
emissions from aircraft may have local effect and are a source of continuing
research and evolving scientific understanding. To the extent that this
research and understanding develops so as to allow ICAO to conclude that:
1) a new standard for direct emissions from aircraft engines is warranted or
2) a causal relationship can be demonstrated from direct emissions of
precursors, then the directly emitted pollutant(s) may also be identified as
an aircraft emissions of concern for purposes of this emissions charging
guidance.

b) ICAO recognizes that different States may have different standards or
thresholds for designating whether a pollutant as emitted has local effect.
In many cases, this is expressed in terms of a maximum altitude up to
which a particular pollutant is emitted. Some States may specify a specific
altitude for such purposes. Others may direct that modelling be undertaken
to identify the altitude at which pollutants may have local effect in a
particular area, often referred to as the “mixing height” within the
atmospheric “boundary layer.” In basic terms, the mixing height is the
height of the vertical mixing of the air and suspended particles above the
ground within the atmospheric “boundary layer.” Also in basic terms, the
“boundary layer” is that part of the troposphere that is directly influenced
by the presence of the earth’s surface. States that specify a mixing height
be determined for purposes of local air quality assessment typically have
accepted models for such analyses and/or specify a default height for the
mixing height, such as 3000 feet.

C) Local Emissions Charge for Aircraft: ICAO defines a Charge as “a levy that
is designed and applied specifically to recover the costs of providing
facilities and services for civil aviation.” (Doc 9082/7) and (ICAO
Assembly Resolution A35-5, Appendix I). In the context of aircraft
emissions with local air quality effects, a Local Emissions Charge for
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1.3

1.3.1

1.3.2

1.3.3

1.3.4

Aircraft is a levy (or fee) that is designed and applied specifically to prevent
or mitigate environmental impact to local air quality caused by and directly
attributable to civil aircraft operations.

d) Tax: ICAO defines a Tax as “a levy that is designed to raise national or
local government revenues which are generally not applied to civil aviation
in their entirety or on a cost-specific basis.” (ICAO Assembly Resolution
A35-5, Appendix I).

Existing ICAO Policies on Charges

To the extent that local emissions charges are to be levied on international flights,
those charges should be consistent with ICAO policies on charges. The policies that
are particularly relevant to emissions charges are enumerated in this section of the
guidance. These policies have been culled from the ICAO Council Resolution on
Environmental Charges and Taxes (adopted 9 December 1996) (referred to in this
guidance as “Council Resolution”), ICAO Assembly Resolution A35-5,
Consolidated Statement of Continuing ICAO Policies and Practices Related to
Environmental Protection (referred to in this guidance as “A35-5”), and ICAQO’s
Policies on Charges for Airports and Air Navigation Services (Doc. 9082/7)
(referred to in this guidance as “ICAQ’s Policies”). Before implementing an aircraft
emissions local emissions charging scheme, a State (or its delegate) should confirm
that the scheme is consistent with these policies.

Take into Account the Interests of All Parties Concerned: When market-based
emissions measures, such as charges, are adopted, Contracting States are

encouraged “to take into account the interests of all parties concerned ...”
Source: A35-5, Appendix I, 2nd Action Clause.

Non-Discrimination: The ICAO Council urges “States that are considering the
introduction of emissions-related charges to take into account the non-
discrimination principle in Article 15 of the Convention on International Civil
Aviation. . ..” Source: Council Resolution, 5" Action Clause. “Charges must be
non-discriminatory both between foreign users and those having the nationality of
the State in which the airport is located and engaged in similar international
operations, and between two or more foreign users.” Source: ICAO Policies,
Paragraph 23(iv).

Take into Account the Potential Impacts on the Developing World: When market-
based measures, such as emissions charges, are adopted, Contracting States are
encouraged “to take into account the potential impacts on the developing world ...”
Source: A35-5, Appendix I, 2nd Action Clause. In light of the non-discrimination
provision in Article 15 of the Chicago Convention, the way in which the potential
impacts on the developing world are taken into account must not discriminate on the
basis of State of Registry. This may or may not preclude the possibility of
exemptions or waivers based on technical criteria, a transitional approach or a
phased implementation. An example of a technical approach for taking into account
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1.3.5

1.3.6

1.3.7

1.3.8

1.3.9

1.3.10

1.3.11

the potential impacts on the developing world without running afoul of the non-
discrimination requirement might be to exempt de minimis operations into an
airport from the charging scheme. Operators from developing States may be able to
benefit from de minimis exemptions, to the extent they may have fewer operations
into a particular airport than operators from developed States. Nonetheless, because
any operator from any State could take advantage of a de minimis exemption if its
operations were below the threshold, such a scheme would not be discriminatory
based on State of registry.

Transparency: Charging authorities are urged to “Ensure transparency as well as the
availability and presentation of all financial data required to determine the basis for
charges.” Source: ICAO Doc 9082/7, Paragraph 15(iii).

Cost-Basis:  “States that are considering the introduction of emissions-related
charges” are urged to take into account the principle that “the charges should be
related to costs.” Source: Council Resolution, 5" Action Clause. Further, “charges
should be based on the costs of mitigating the environmental impact of aircraft
engine emissions to the extent that such costs can be properly identified and directly
attributed to air transport.” Source: A35-5, 10" “Whereas” Clause.

Cost-Effective Measures: When market-based measures, such as emissions charges,
are adopted, States are encouraged ‘“‘to evaluate the costs and benefits of the various
measures, including existing measures, with the goal of addressing aircraft engine
emissions in the most cost-effective manner ..” Source: A35-5, Appendix I,
2nd Action Clause.

Minimize Competitive Distortion: ““States that are considering the introduction of
emissions-related charges” are urged to take into account the principle that “the
charges should not discriminate against air transport compared with other modes of
transport.” Source: Council Resolution, 5" Action Clause. In addition, authorities
are urged to “Ensure there is no overcharging or other anti-competitive practice or
abuse of dominant position.” Source: ICAO Doc 9082/7, Paragraph 15(ii).

No Fiscal Aims: “States that are considering the introduction of emissions-related
charges” are urged to take into account the principle that “there should be no fiscal
aims behind the charges.” Source: Council Resolution, 5™ Action Clause.

Charges, rather than Taxes: The ICAO Council “Strongly recommends that any
environmental levies on air transport which States may introduce should be in the
form of charges rather than taxes....” Source: Council Resolution, 4th Action
Clause.

Funds Collected Should Be Used to Mitigate Environmental Impact: The ICAO
Council “Strongly recommends that any environmental levies on air transport which
States may introduce should be in the form of charges rather than taxes and that the
funds collected should be applied in the first instance to mitigating the
environmental impact of aircraft engine emissions, for example to: (a) addressing
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the specific damage caused by these emissions, if that can be identified; (b) funding
scientific research into their environmental impact; or (c¢) funding research aimed at
reducing their environmental impact, through developments in technology and new
approaches to aircraft operations.” Source: Council Resolution, 4th Action Clause.

Other Existing ICAO Guidance

In addition to the policies outlined in section 1.3, States may also wish to note that
Appendix A of ICAO Assembly Resolution A35-5 states that “ICAO is conscious of
and will continue to take into account the adverse environmental impacts that may
be related to civil aviation activity and its responsibility and that of its Contracting
States to achieve maximum compatibility between the safe and orderly development
of civil aviation and the quality of the environment.” Specifically in relation to
local air quality, the Resolution states that ICAO will strive to “limit or reduce the
impact of aviation emissions on local air quality.”

States may also wish to note that Appendix I of A35-5 states that there has been
increasing recognition by Governments of the need for each economic sector to pay
the full cost of the environmental damage it causes. Appendix I also states that
market-based measures are policy tools that are designed to achieve environmental
goals at a lower costs and in a more flexible manner than traditional regulatory
measures.

Appendix I also recalls Principle 16 of the Rio Declaration on Environment and
Development (1992) which states that “national authorities should endeavor to
promote the internalization of external costs and the use of economic instruments,
taking into account the approach that the polluter should, in principle, bear the cost
of pollution, with due regard to the public interest and without distorting
international trade and investment.”

Process for Implementing L.ocal Emissions Charges

This Chapter further identifies how States wishing to implement local emissions
charges on aircraft might do so, specifically identifying the process steps that are
involved.
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Responsibility of ICAO Contracting States. It is ultimately the responsibility of
individual ICAO Contracting States to develop appropriate solutions to
environmental problems at their airports, with due regard to ICAO rules and
policies. Appendix I of Assembly Resolution A35-5 recognizes in the context of
market based measures that Contracting States have legal obligations, existing
agreements, current laws and established policies. During the different phases of
the introduction of any measure, ICAO Contracting States may chose to delegate
their powers to any competent authority. Thus, while this guidance is specifically
provided for States, it may also be applied by their delegates.

An Airport-by-Airport Approach. This guidance is intended to apply to any
airport being served by international air traffic that has an identified local air quality
(LAQ) problem and at which emissions charges have been identified as an
appropriate instrument for mitigation. ICAO recognizes that a local emissions
charging scheme needs to be tailored to the specific characteristics of the airport
concerned by means of an airport-by-airport approach. Nonetheless, a general
framework may be implemented at a State-level in order to set up a common
methodology for the implementation of the scheme on an airport level for airports
meeting the above criteria.

An Inclusive and Transparent Process. ICAO urges States to institute or oversee
an inclusive and transparent process when adopting and implementing local
emissions charges. The steps in this could include, but may not necessarily be
limited to, the following:

a) Local Air Quality Assessment, including

i.  Identification of relevant local air quality standards and regulations;
ii. Determination of airport air quality;

iii. Compliance and impact assessment; and

iv. Quantification of aircraft relative contribution.

b)  Designing a Local Emissions Charges Scheme, including

i.  Aircraft engine emissions classification;
ii. Establishing a cost-basis; and
iii. Ways of levying the charge.

c) Administration, including

1. Provision for consultation;

1. Dissemination of the evaluation results;
iii. Notification of decisions;

iv. Dispute resolution; and

v. Reporting and recordkeeping.
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The remainder of this document provides detailed guidance on these steps, in the same order as
listed in this section.

Chapter 3 - Local Air Quality Assessment

3.1 Overview. States (or their delegates) that intend to introduce Local Emission
Charges on aircraft should make an assessment of the existing and forecast future
airport local air quality by comparing pollutant concentrations in the air in the
vicinity of the airport against the relevant local air quality (LAQ) standard(s) and
goals to determine if any exceedences exist or are predicted. This will identify
whether a local air quality issue exists (or will exist in future) and to what extent.
Accordingly, this chapter provides guidance on assessing LAQ at airports,
determining compliance or otherwise with local air quality standards and goals, and
quantifying the aircraft contribution to any non-compliance and its impact.

The recommended process involves four steps:
Step 1: Identification of Relevant Local Air Quality Standards and Regulations
Step 2: Determination of Airport Air Quality

Step 3: Compliance and Impact Assessment
Step 4: Quantification of Aircraft Relative Contribution.

More detail on the steps that are suggested is provided below.
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3.3.3.1

Step 1 - Identification of Relevant Local Air Quality Standards and
Regulations

Responsibility for defining and achieving acceptable air quality in and around
airports rests with the State. States have historically developed their own air quality
regulations and guidelines and, therefore, a number of national air quality standards
exist. Some airports or regions may also establish criteria or goals that are more
stringent than State standards (e.g., due to regional concerns).

In assessing local air quality in the vicinity of airports, it is important to identify any
relevant local air quality standards and goals established by the State (or its
delegate) to protect public health and welfare and the environment in general.
These standards usually identify the levels or concentrations of pollutants that the
State deems acceptable or unacceptable within a specified volume of air. Generally,
local air quality standards or regulations will indicate the emissions species to be
assessed, acceptable concentrations of each species over a specific period of time,
the location or locations where the assessment is to be made and the period over
which the assessment should be made. Other requirements such as measurement,
modelling and reporting may also be specified. For more information on standards,
regulatory drivers, and other background information related to State requirements,
consult the ICAO CAEP Airport Air Quality Guidance Manual, xx.

Step 2 - Determination of Airport Air Quality

Airports and their associated activities are sources of different gaseous and
particulate emissions. There are many air pollutants present in gaseous emissions
from aviation-related activities that impact the environment. However, not all
pollutants are relevant or regulated, and State requirements should be considered.
Common emissions species considered in airport air quality assessments, which are
relevant to this guidance, are oxides of nitrogen (NOXx), hydrocarbons (HC), and
carbon monoxide (CO), though other pollutants such as sulfur oxides (SOx) are
often assessed as well.

Local air quality in and around an airport is quantified in terms of pollutant
concentrations, as identified in Step 1 above. These concentrations can be
calculated from airport activity data and numerical models of the emissions of each
source and their interaction with the physical environment. Alternatively or
additionally, existing_pollutant levels can be measured using automated air sampling
and analyzing equipment.

Numerical Modelling. Existing and/or predicted future concentration levels can be
calculated utilizing software tools (numerical models). Local air quality modeling
consists of the following two basic steps.

Emissions Inventory. An airport emissions inventory identifies the total amount of
emissions of each species under consideration (e.g., pollutant kilograms over a
specified period) generated by airport sources, either currently or at some future
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time. There are many emissions sources at airports and they typically are grouped
into four categories:

1. aircraft,

ii. aircraft handling,

1i1. stationary or infrastructure-related sources, and
iv. landside vehicle traffic sources.

The total airport emissions inventory is quantified by totaling all airport source
emissions. For aircraft this should cover emissions generated during the landing and
takeoff (LTO) cycle, calculated using inputs including aircraft and engine types,
performance data, engine emissions data, number of aircraft movements, engine
emissions factors (e.g., an emissions rate expressed as g/kg of fuel), and the
respective operational parameters over a determined period. For the other sources
including aircraft handling, stationary and infrastructure-related sources and
landside traffic sources, individual emission source data for each source and species
is required, as well as equipment and activity/operating data. The inventory should
take into account the quantity of each species and the periods over which species of
pollutants are emitted. In some cases, e.g., when subsequent dispersion modeling is
to be performed based upon these data, inventories also take other parameters into
account, such as location, time and temperature of the emissions.

The emissions inventory is a necessary input to dispersion modeling and
determination of pollutant concentrations as outlined below. For more information
on emissions inventorying and temporal and spatial distribution (e.g., steps,
inventory parameters, emission species, airport emissions sources, and other
considerations or factors), consult the ICAO CAEP Airport Air Quality Guidance
Manual, xx.

Dispersion Modeling. Dispersion is the process by which atmospheric pollutants
disseminate due to atmospheric conditions, terrain, buildings, chemical reactions
and other factors. Dispersion modeling is a calculation procedure that takes
parameters (including, among others, airport source emissions calculated in the
emissions inventory, the timing and location of the emissions, meteorological
conditions, and topography) and estimates the expected pollutant concentration
levels at receptor locations, such as positions on an airport or at neighboring
residential areas. These pollutant concentrations are calculated to determine
whether emissions from the airport result in unacceptably high air pollution levels,
and exceed State standards or goals (by comparison to relevant regulations).
Various computer models with varying levels of sophistication are available to
perform such modeling. ICAO CAEP is developing dispersion modelling guidance
to include in the Airport Air Quality Guidance Manual for CAEP/8 in 2010. Until
such time that ICAO CAEP guidance on dispersion modelling is available, States
should follow State-specific guidelines and are encouraged to use best available data
and methodologies.
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Measurement. Air quality measurements of existing conditions can be conducted
using air sampling and analyzing equipment that measure and record the current
concentrations of a pollutant species at a specific location. Using a series of
measurements, pollutant levels can be tracked over time and the average levels over
a specific period (e.g., 1-hour, 8-hour, 24-hour, or 1 year) can be determined.
Proprietary measurement equipment, including mobile units that can be installed
temporarily, is widely available. Air quality measurements of existing pollutant
levels can be used either directly or in combination with modelled results to
determine the existing air quality situation at and in the vicinity of the airport (as
measurements can only be taken of existing conditions, future local air quality can
only be assessed using modelling). When measurements are used in combination
with modelling, the measured data can be used to evaluate and refine modelled
results or, conversely, modeling can be used to put the results of measurements into
a proper context (e.g., when major off-site pollution sources dominate local air
quality). ICAO CAEP is developing measurement guidance to include in the
Airport Air Quality Guidance Manual for CAEP/8 in 2010. Until such time that
ICAO CAEP guidance on measurement is available, States should follow State-
specific guidelines and are encouraged to use best available data and methodologies.

Air Quality Forecasts. Air quality measurements and the corresponding modelling
calculations indicate only the existing situation at an airport. To predict the air
quality situation at some time in the future, the inventory needs to be repeated for
some future operational scenario. Factors to be taken into account include, for
example, projections of the volume of air traffic movements, the fleet mix including
types of aircraft and engines, changes in airport infrastructure, changes in aircraft
operational procedures, the expansion and/or replacement of non-aircraft sources
including ground service equipment and other vehicles, and background
concentrations of the pollutant species in the area. Once the expected growth (or
reduction) of each of the relevant sources has been evaluated, the new inventory can
be used to model the expected future air quality concentrations.

Step 3 - Compliance and Impact Assessment. The next step is to compare the
measured and/or calculated existing and forecast pollutant concentrations to the
concentrations specified in applicable State regulations in order to assess existing
and future compliance with the standards and requirements. As State air quality
standards are generally based on the protection of health of the population and the
environment in general, exceedances of these limits are indicative of an adverse
impact and typically action is required to alleviate the non-compliance and its
impact.

Step 4 - Quantification of Aircraft Relative Contribution. To determine the
relative contribution of aircraft to the LAQ situation, that contribution needs to be
put in context with other airport sources and all airport sources may need to be put
into the larger context of whatever local area is subject to the emissions standard or
requirement. The contribution of an airport source’s emissions to the airport’s total
emissions and its overall impact is dependent on the amount, time, and location of
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the emissions. Should such detailed analysis not be practicable, simplifying
assumptions might be employed to estimate the aircraft contribution.

Chapter 4 - Designing a Local Emission Charges Scheme

4.1

4.2

4.2.1

4.2.2

Overview. Once the local air quality situation and the aircraft contribution to
adverse impact has been determined, the charging scheme itself can be designed.
The relevant steps States may wish to consider for designing such a charge are
addressed in this Chapter.

Aircraft Engine Emissions Classification

In implementing a charging scheme, a common methodology for quantifying the
amount of emissions from different aircraft engines should be identified, such that
the charges applicable to specific aircraft can be determined and differentiated.
Thus, a classification scheme is recommended to enhance consistency in the way
aircraft engine emissions are calculated for purposes of applying a charge. The
classification scheme should incorporate an accepted methodology for quantifying
the amount of emissions emitted by each aircraft during a landing and takeoff
(LTO) cycle. The methodology within this classification scheme should be
transparent, reliable, consistently applied, and generally accepted by stakeholders.

ICAO recommends that an emissions classification scheme with the following
elements be implemented:

a) Calculation Based on Absolute Mass of Emissions. The basis on which the
aircraft is classified should be the absolute mass of the specified emissions
within a landing and takeoff (LTO) cycle. As noted previously in, and for
the purpose of, this guidance, the emissions of potential concern are NOx,
HC and CO. To determine the mass of emissions per aircraft, every aircraft
type has to be considered individually by identifying the specific engine
type and using the relevant emissions data together with the number of
those engines fitted to the aircraft.

b) LTO Cycle. Historically, ICAO has developed certification standards for
aircraft engine emissions based on a standardized LTO cycle, with default
assumptions for the time an aircraft will operate in each of the four LTO
modes (take-off, climb out, approach and taxi). In the daily aircraft
operation, however, thrust settings and time in each mode are very much
dependent on the specific conditions like aircraft weight, outside
temperature, wind, airport altitude, runway conditions and airline
procedures. It should be noted that actual emissions will also vary
according to factors such as ambient conditions and the mechanical
condition of the engine. The ICAO standardized LTO-cycle will, therefore,
not necessarily reflect actual emissions from aircraft engines at a specific
airport. Therefore, within the context of emissions charges, actual times in
mode or approximated actual times (e.g., average actual data or
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performance based times) and performance based thrust settings are
preferred over ICAO default times whenever available. Likewise, for
practicality, actual aircraft operational data for a specific aircraft may need
to be averaged over a specified time period (e.g., the previous 3 months,
previous 6 months, etc.) Absent the availability of average actual data or
performance-based data, the default ICAO standard assumptions might be
used.

For more information on calculating emissions during the LTO-cycle,
consult the ICAO CAEP Airport Air Quality Guidance Manual, xx

Calculation of the Emission Value for an Aircraft. The following sets forth a
recommended methodology for calculating an absolute amount of a
specified emission (in this Guidance, either NOx, CO or HC) from an
aircraft’s engines during an LTO cycle, using NOx as an example. While
the information is specific to NOx, the same approach can be taken for
other emissions by replacing the “NOx index” (i.e., Elnox) in the formula
with the index for another emission (for example, by replacing the “NOx
index” with the “CO index”).

Aircraft main engine emissions are a function of four parameters: aircraft
fleet, time-in-mode and fuel flow, aircraft movements, and main engine
emission indices. The basic equation is a function of these four parameters,
as shown below. The purpose and need for quantifying aircraft emissions
drive the level of accuracy required, which in turn, determines the
sophistication level of the equation inputs used. For emissions charges
purposes, a refined method for calculating aircraft emissions using best
available and refined data (i.e., refined engine emission indices, aircraft time-
in-mode including representation of mixing height, aircraft thrust level)
should be utilized to most closely approximate actual aircraft LTO
operations.

The absolute amount of NOx within the LTO cycle is calculated by using the
ICAO pollutant emission index (EI) values for all LTO-modes of the
individual engine and multiplying those EI’s by the corresponding modal
fuel flow. An EI is the mass of pollutant (CO, HC or NOx), in grams,
divided by the mass of fuel used in kilograms. When ICAO engine emission
indices (EIs) are used to calculate aircraft emissions, it is important to use the
pollutant EI of the measured data, and not the pollutant Dp/Foo characteristic
level of the regulatory data, which also is reported in the ICAO databank.

(Note: The characteristic Dp/Foo level is used to determine compliance of an
engine type with emission standards. It is derived by correcting the
measured EI values of an engine to the reference standard engine and
reference atmospheric conditions and calculating an average Dp/Foo level.
This is then converted to a characteristic level by the application of a
coefficient corresponding to the number of tests and number of engines
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tested. The resulting statistically corrected values are always higher than the
average Dp/Foo level.)

The formula is as follows:

Aircraft—= NOx,;, = E, * z (60 time * fuelflow * EI ,,,, +1000)

LTO—-mod es

where:

En: number of engines fitted to the aircraft
Time: time in mode (in minutes)

Fuel flow: fuel flow per mode
(in kg/sec)

Elnox: index per LTO mode, NOx emissions (in g/kg fuel)

Multi-Pollutant Considerations.

As noted above, the approach for calculating mass NOx could also be used
for other emissions, such as HC or CO. However, there may be instances
where a State or its delegate may want to take multiple emissions into
account in a single aircraft engine emissions classification scheme.
Although there is no ICAO-endorsed methodology for considering multiple
emissions, one example methodology is the ECAC emissions classification
scheme for NOx, as reflected in ECAC/27, Report, Strasbourg,
8-9 July 2003. NOx is the primary emission used for this classification
methodology. However, ECAC recognized that some engines, particularly
older engines, may have relatively low NOx emission values, but at the same
time relatively high hydrocarbon emissions (HC). HC — applied as factor in
relation to the ICAO limit — is mainly used in this calculation to avoid any
undue treatment of engine technology with higher HC. The current ICAO
standard' requires that any regulated engine shall not exceed the
characteristic HC Dp/Foo of 19.6 g/kN rated output’ during the LTO cycle
test regime. For non-regulated engines (i.e. in this context engines without
ICAO emissions certification), hydrocarbons are not being considered as the
term Dp/Foo in g/kN is not applicable for unregulated engines.

1

2

ICAO, Annex 16, Volume II: Aircraft Engine Emissions, 2nd edition, July 1993.

D, is the mass of any gaseous pollutant emitted during the reference emissions LTO cycle. F,, is the rated output,

which for engine emissions purposes, is the maximum power/thrust available for take-off under normal operating conditions at
ISA sea level static conditions without the use of water injection as approved by the certifying authority.
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Accordingly, under the ECAC aircraft engine emissions classification
scheme, all considered aircraft are set into a linear scale with the value:

Emission Valueajrerap = a * NOXpircraft (no dimension)

Where

a=1 if the average HC D,/F,, is less than or equal than the current ICAO
standard of 19.6 g/kN rated output or for unregulated engines.

a>1 if the average HC D,/F,, is larger than the current ICAO standard.
a = average measured HC D,/F,,, / 19.6, with a maximum value for ‘a’ of 4.0

d) Application to Aircraft with Engines that Are Not Certified under Volume II,
Part 111, Chapter 2 or Chapter 3 of Annex 16 to the Chicago Convention. It
is recommended that all civil aircraft with engines that are certified
(i.e., regulated) under Volume II, Part III, Chapter 2 or Chapter 3 of
Annex 16 to the Chicago Convention be classified with the above
recommended methodology. This guidance does not address how or
whether States should classify aircraft with non-certified aircraft engines.
However, should a State decide to cover such aircraft with a charging
scheme, the State should apply a consistent methodology to those aircraft.
Appendix II gives one example of how some States have addressed the
application of charges aircraft that are powered by non-certified aircraft
engines.

e) Data Sources. Emission factors for ICAO-certified turbojet and turbofan
engines of rated outputs > 26.7 kN are published in the ICAO Aircraft
Exhaust  Emissions  Databank and can be  found on:.
http://www.caa.co.uk/default.aspx?categoryid=702&pagetype=90

Establishing a Cost-Basis. As noted previously in this guidance, if local emissions
charges are to be applied to aircraft, those charges should be based on the costs of
mitigating or preventing the environmental impact of aircraft engine emissions. In
determining the cost-basis, States may find it beneficial to consider the following
guidelines.

Types of Costs. The costs at issue are the costs that are properly identified and
directly attributable to the aircraft contribution to LAQ adverse impact. These costs
can be quantified in terms of damage, mitigation and/or prevention costs, as follows:

Damage costs. Damage costs are the costs incurred due to repercussions (effects) of
direct environmental impacts (for example, from the emission of pollutants) such as
the degradation of land or human-made structures or health effects. These costs are
borne by a party (ies) other than the emitter or producer of a product or service.
Damage cost can take many forms, such as the adverse effects on human health,
water contamination, etc. caused by the degradation of local air quality from
pollutants such as NOx, HC, and CO. If aircraft emissions charges are to be based
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on the value of the adverse environmental impact, an environmental damage cost
assessment of the aircraft’s contribution to adverse impact would need to be
performed. Once the effects of environmental damage are known, the next step is to
try to monetize the adverse effects, to the extent possible. It is beyond the scope of
this guidance to address the means by which this process might be carried out.
Nonetheless, some States may have guidance available on how to monetize such
effects. After the damages are valued, a charge then can be set to recover those
costs, apportioned to aircraft based on their contribution to the damage.

This process may be difficult to implement, however. While the environmental
impacts may be readily identified in the form of smog alert days and adverse effects
on health, it can be difficult to quantify these costs in terms of a monetary value.
Health care or medical costs, for example, cannot be easily apportioned to a specific
pollution species or source.

Mitigation costs. Mitigation costs are the cost aimed at adopting corrective
measures to reduce an adverse environmental impact. This corrective action is
typically in response (or reactive) to a problem once it has been discovered. If the
charges are to be based on the costs of measures identified to alleviate the adverse
impact, an assessment of the available measures would need to be undertaken.
ICAO urges that any mitigation measures that are to be funded by aircraft charges
be the most cost-effective measures available.

Prevention costs. Prevention costs are the costs to be incurred by taking actions
aimed at avoiding anticipated adverse environmental impacts. This corrective
action is typically proactive in anticipation of a problem. If a LAQ charge on
aircraft operations is to be based on prevention costs, an assessment of the available
measures would need to be undertaken. ICAO urges that any prevention measures
that are to be funded by aircraft charges be the most cost-effective measures
available.

Relationship Between Damage Costs and Mitigation and/or Prevention Measures.
To the extent that mitigation and prevention measures are intended to address the
damage from aircraft emissions, ideally the costs of any mitigation or prevention
measures should be no greater than estimated damage costs. However, due to the
fact that full or complete information for damage valuation may not be available, for
a multitude of reasons, correlating damage costs with mitigation and prevention
costs can be difficult. Nonetheless, the damage assessment process based on the
best information available can provide a guidepost for determining the magnitude of
the mitigation or prevention measures one might take to address the problem.

Avoiding Over-Charging. To the extent that aircraft emissions charges are to be
based on the costs of addressing the portion of an LAQ problem that is directly
attributable to the operation of aircraft, when a State (or its delegate) implements
such a charge, care should be taken to avoid overcharging for the same problem.
For example, if a general levy is put in place to deal with a specific NOx impact
level from all sources of local emissions (including aircraft) on or in the proximity
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of an airport, then an aircraft emissions charge aimed at addressing that same NOx
impact level would be inappropriate if it led to aircraft paying more than their share
of the full damage, mitigation, or prevention cost.

Proper calibration, review and uses of charges. To the extent Local Emissions
Charges are to be used, they should be calibrated on a periodic basis (e.g., annually,
biennially, etc., but typically not less frequent than every four years) to address an
identified existing or future local air quality problem. The charges will usually be
levied by an airport on an aircraft operator. Local emissions charges can address the
cost mentioned in paragraph 4.3.1 above in line with the policies and principles
described in Chapter 1.

A requirement to evaluate and justify an emissions charge (and its level)
over a specified period of time should be made part of any emissions
charging scheme adopted by States. Once an environmental problem
attributed directly to aircraft has been corrected and is not projected to
return, LAQ aircraft emissions charges should cease to be imposed.

Use of Funds to Address LAQ Impacts: Existing ICAO policy (the December 1996
Council Resolution and Assembly Resolution A35-5) states the funds collected from
an emissions charge should be applied in the first instance to mitigating the
environmental impact of aircraft engine emissions. The December 1996 Resolution
provides three examples:

a) Addressing the specific damage caused by these emissions, if that can be
identified;

b) Funding scientific research into their environmental impact;

c) Funding research aimed at reducing their environmental impact, through

developments in technology and new approaches to aircraft operations.

As these categories are only examples, States may want to consider other categories
of costs consistent with ICAO policy. For example, States may want to fund the
mitigation or prevention of aircraft emissions from within the aviation sector. Such
measures may also include air quality data gathering, monitoring and reporting
systems for aircraft emissions, to the extent calibrated to address aircraft
contribution to a local air quality concern. Examples of such measures might
include the following:

a) Local air quality monitoring on the airport and in the vicinity to the extent it
is believed aircraft may be contributing or are contributing to a local air
quality problem;

b) Airport-related emission inventory calculation and dispersion modelling to
the extent it is believed aircraft may be contributing or are contributing to a
local air quality problem;
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c) Installation of fixed ground power and ventilation for aircraft at piers aimed
at mitigating emissions;

d) Installation of low emission fuel station (e.g., liquid natural gas, bio-fuels,
etc.) for handling equipment and airside traffic aimed at mitigating
emissions;

e) Improvements to aircraft ground movement systems such as taxiways
designed to reduce emissions; and

f) Air quality management, research and development aimed at addressing
aircraft local air quality emissions.

Cost-Effectiveness. Simply defined, cost-effectiveness represents achieving an
environmental objective to reduce or avoid any adverse impacts on LAQ in the least
costly way. States are encouraged to employ this concept in every facet of activities
related to emissions charges, as a means of ensuring consistency with ICAQO’s
policies on charges. Cost-Effectiveness Analysis is a technique that evaluates the
variable costs or variable benefits against a prescribed objective (status quo or
baseline) to determine cost-effectiveness. For a more detailed definition and
discussion of cost-effectiveness analysis, please see ICAQO’s Balanced Approach
Report (Doc 9829 AN/451).

Ways of Levying the Charge

There are different ways in which a State (or its delegate) might levy an aircraft
emissions charge. This guidance describes some of the concepts and possibilities;
in practice schemes may be a hybrid of these.

LTO Cycle. To the extent that the Emissions Classification scheme described above
is employed, it would be most logical to levy the local emissions charge (LEC)
based on the emissions generated on an LTO cycle basis for each aircraft. In this
manner, an LEC scheme could be based on records of movements used to generate
periodic (e.g., monthly) invoicing.

Direct Charge. A stand-alone, direct charge would be administered as a specific fee,
separate from other fees an airline operator is subject to at a particular airport. This
approach is likely to be the most transparent means for levying and collecting a
charge, as the charging amount and its relation to the aircraft operator’s emissions
could be clearly reflected on the invoice that is used and not intertwined with other
fees. For example, the charge levied could be expressed as a fee for each aircraft
based on a fixed amount per kilogram of a certain species of pollutant (e.g., $x / kg
NOx) emitted during the LTO cycle, which typically would be determined through
application of the aircraft emissions classification methodology.

Modified Landing (or Takeoff) Charge. An alternative scheme could involve
applying a modification to an already existing fee, such as a Landing (or Take-off)
Fee. For example, for a specified level of NOx emitted in the LTO cycle (as
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5.1.2

determined through the aircraft emissions classification methodology), the Landing
Fee is increased by x%.

Surcharges and Rebates.

Surcharge. A Surcharge is a charge applied to an aircraft movement which emits
more than a certain threshold of a particular pollutant species. This can take the
form of a Direct charge to the aircraft operator or an increased Landing (or Take-
off) fee. The threshold could be defined on a scale set according to an aircraft’s
emissions as determined through the aircraft emissions classification methodology.
The size of the surcharge can be linked to the extent to which the emissions are over
the threshold. If the threshold is set at zero, then all aircraft would be paying a
surcharge.

Rebate. A Rebate is a refund (or discount) applied to an aircraft movement which
emits less than the threshold of a particular pollutant species. A Rebate on lower
emissions aircraft would generally be applied in conjunction with a Surcharge on
the higher emissions aircraft, using the same threshold. The Rebate can take the
form of a direct refund to the aircraft operator or a decreased Landing (or Take-off)
Fee. The size of the rebate can be linked to the extent to which the emissions are
below the threshold.

Related to Costs. The level of the surcharges and rebates in a surcharge/rebate
scheme should be based on analysis indicating that these surcharges/rebates will
address the identified emissions problem. If it is intended that the total of the
Surcharges collected (over a certain period) is to be greater than the total of the
Rebates distributed, then the difference (i.e., net monies collected), should be related
to costs as outlined in section 4.3 of this guidance.

It is also possible to set up a Surcharge and Rebate scheme, where there are no net
monies collected (i.e., the total Surcharges are equal to the total Rebates) or where
the total Surcharges are less than the total Rebates.

Administration

Provision for Consultation. Opportunities for meaningful consultation with
stakeholders should be provided from the point a charge is being considered,
through the point such a measure is adopted, and after adoption throughout the
period of implementation.

Consultation aims to provide a forum in which all points of view may be explored in
order to provide stakeholders the opportunity to be made aware of a perceived
problem and to be notified that there is an intent to pursue corrective action through
the implementation of local emissions charges.

Consistent with a transparent process, inviting stakeholders to participate in the
discussions on the development of a new charge may help to highlight any practical
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5.2

5.3
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5.5

issues or difficulties at an early stage. An open dialogue can be vital in developing
mutual trust between all participants.

Dissemination of the Evaluation Results. Information on the local air quality
situation, evaluation of impacts, determination of the aircraft contribution to those
impacts, and on the cost-basis for the charge should be disseminated to stakeholders.

Notification of Decisions. Information regarding a proposed charge should be
communicated as early as possible. When a revision of charges or the imposition of
new local emissions charges is contemplated by a State or its delegate, appropriate
notice should be given to the airlines or their representative bodies, normally at least
four months in advance, in accordance with the regulations applicable in each State.
Reasonable advance notice of the final decision should also be provided.

Dispute Resolution. In order to avoid and or minimize disputes it is important to
have an open dialogue with the stakeholders and be transparent in the methodology
and calculations of the charge. There may be a need for a “first resort” mechanism
in case a dispute arises. Essentially, this entails having a neutral party at the local
level available to focus on conciliation or mediation, or full arbitration if the State
concerned so decides. Beyond that, there should be an appeals process consistent
with the regulatory regime in the State concerned.

Reporting and Recordkeeping. Any State (or its delegate) imposing local
emissions charges on aircraft that are in international operation should annually
report the existence of such charging schemes to ICAO. Furthermore, the charging
authority should maintain records regarding the charges collected and the use of
funds and make them available to all users.
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Appendix I — Glossary of Terms

This appendix contains a glossary of key terms used in the development of ICAO’s guidance
document on aircraft charges related to local air quality. This glossary does not, in any way,
contain an exhaustive list of terms related to aviation environmental issues. Rather, it contains
those key terms needed to better explain the nature of this guidance and its use in the proper
context.

CAEP - Committee on Aviation Environmental Protection

Certificated Aircraft Engine - A certificated aircraft engine is defined as an engine that has
demonstrated compliance with the requirements for emissions certification specified in ICAO
Annex 16, Volume II, Part III, Chapter 2 or Chapter 3. Any aircraft engine that does not meet
this compliance would be termed a non-certificated aircraft engine.

A Charge as a levy that is ‘designed and applied specifically to recover the costs of providing
facilities and services for civil aviation.” In the context of local emissions, a Local Emissions
Charge for Aircraft is a levy (or fee) that is designed and applied specifically to alleviate
environmental impact to local air quality caused by and directly attributable to civil aircraft
operations.

Cost-Effectiveness Analysis (CEA) is a technique that evaluates the variable costs or variable
benefits against a prescribed objective (status quo or baseline). CEA differs from Cost-Benefit
Analysis (CBA) in that it asks a different question; namely, given a particular objective, which is
the least costly (or most efficient) way achieving it? For a more detailed definition and
discussion of cost-effectiveness, please see ICAO’s Balanced Approach Report (Doc 9829
AN/451).

Damage Cost. The cost incurred due to repercussions (effects) of direct environmental impacts
(for example, from the emission of pollutants) such as the degradation of land or human-made
structures or health effects. These costs are borne by a party (ies) other than the emitter or
producer of a product or service. Damage cost can take many forms, such as the adverse effects
on human health, water contamination, etc. caused by the degradation of local air quality from
pollutants such as NOx, HC, and CO.

Mitigation Cost represents the cost aimed at adopting corrective measures to reduce an adverse
environmental impact. This corrective action is typically in response (or reactive) to a problem
once it has been discovered.

Prevention Cost represents the cost to be incurred by taking actions aimed at avoiding
anticipated adverse environmental impacts. This corrective action is typically proactive in
anticipation of problem.

States’ Delegates represent those entities acting on behalf of States to address a specified
environmental purpose.
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Tax. ICAO defines a Tax as “a levy that is designed to raise national or local government
revenues which are generally not applied to civil aviation in their entirety or on a cost-specific
basis.” (ICAO Assembly Resolution A35-5, Appendix I).
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Appendix II - ECAC Approach to Charges for Aircraft Powered by
Non-Certified Aircraft Engines

In 2003 42 ECAC member states agreed upon a recommendation with respect to a scheme for
the classification of aircraft Nox emissions (ref. ECAC 27-4). Two sets of data are used, one for
those engines which are regulated by ICAO and other for those which are not. Data for regulated
jet engines of equal to, or more than, 26.7 kN thrust are based upon the standardised ICAO
landing and take-off (LTO) cycle as set out in ICAO Annex 16, Volume II and published in
Document 9646-AN/943 (1995) and amendments. Data for unregulated engines have been
reported by their manufacturers to the Swedish Aeronautical Institute (FOI). The Institute has
been charged with producing an interim database that, with the manufacturer’s consent, could be
distributed to authorised parties. A proposal for an internationally recognized permanent
emissions database for such engines has been put to ICAO.

To ensure non-discrimination, all civil aircraft with a maximum take-off weight (MTOW) over
8618 kg should be classified using the recommended methodology. Member states may classify
emissions from other aircraft (e.g., aircraft not exceeding 8618 kg MTOW that are powered by
small turboprops or piston engines, and helicopters) at their discretion. With respect to NOx, the
contribution to emissions of these aircraft is very small compared to those of heavier aircraft.

The Swedish Defence Research Agency (FOI) is the keeper of a database of Els for turboprop
engines supplied by the manufacturers for the purposes of developing emissions inventories.
Although the database is publicly available only through FOI, the International Coordinating
Council of Aerospace Industries Associations (ICCAIA) closely monitors who requests the use
of the database to ensure the data is not misused. The FOI database is not endorsed by ICAO
because the data are not certified and may have inaccuracies resulting primarily from the
unregulated test methodologies. There is also a significant issue of an appropriate idle setting for
turboprops. Therefore, ICAO has included this information in this guidance document because it
recognizes that the FOI turboprop database may assist airports in conducting emission
inventories. Currently, documentation of how the Els were derived and the types of turboprop
engines is unavailable. Information about turboprop engines, suggested TIMs and how to obtain
the data from FOI can be found at the following web links:

www.foi.se -> English -> Activities -> What FOI can do for you? -> Confidential
database for Turboprop Engine Emissions

or http://www.foi.se/FOl/templates/Page 4618.aspx

Switzerland’s Federal Office of Civil Aviation (FOCA) has developed a methodology and a
measurement system to obtain emissions data from piston-powered aircraft. For these engine
types, there is no requirement for emissions certification; hence the FOCA data is one of the few
sources of data available for conducting emission inventories with respect to aircraft with these
engines. However, the FOCA data has not been corroborated by ICAO, and is not endorsed by
ICAO. Therefore, ICAO has included this information in this guidance document because it
recognizes that FOCA’s data may assist airports in conducting emission inventories for certain
aircraft for which they otherwise might not have any data sources. The reader is referred to
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FOCA’s website below to obtain documentation of the emissions measurement system, the
consistent measurement methodology, and recommendations for the use of their data to conduct
simple emission inventories using suggested TIMs. All material is openly available for
download at

http://www.aviation.admin.ch/fachleute/lufttechnik/entwicklung/00653/index.htm
1?lang=en

571319v1 Washington 010624
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English only

APPENDIX D

for insertion in Doc 9082, Part II, after “Noise-related charges””

Emissions-related aircraft charges to address local air quality problems at or around airports

1. The Council recognizes that although reductions in certain pollutants emitted by aircraft
engines that affect local air quality (LAQ) are being addressed by a variety of measures of a technical or
operational nature, some States may opt to apply emissions charges to address LAQ problems at or
around airports. The Council considers that the costs incurred in mitigating or preventing the problem
may, at the discretion of States, be attributed to airports and recovered from the users and that States have
the flexibility to decide on the method of cost recovery and charging to be used in the light of local
circumstances. In the event that LAQ emissions-related charges are to be levied the Council recommends
that the following principles be applied:

)

iii)

V)

V)

vi)

vii)

LAQ emissions-related charges should be levied only at airports with a
defined local air quality problem, either existing or projected, and should be
designed to recover no more than the costs of measures applied to the
mitigation or prevention of the damage caused by the aircraft.

The cost basis for charges should be established in a transparent manner and
the share directly attributable to aircraft should be properly assessed.

Consultations with stakeholders should take place before any such charges
are imposed on air carriers.

LAQ emissions-related charges should be designed to address the local air
quality problem in a cost-effective way.

LAQ emissions-related charges should be designed to recover the costs of
addressing the local air quality problem at airports from the users in a fair
and equitable manner, should be non-discriminatory between users and not
be established at such levels as to be prohibitively high for the operation of
certain aircraft.

LAQ emissions-related charges could be associated with the landing fee,
possibly by means of surcharges or rebates, or in the form of separate
charges but should be subject to the proper identification of costs.

It is recommended that the aircraft emissions charges scheme be based on
data that most accurately reflect the actual operations of aircraft. In the
absence of such data, ICAO standardized LTO-cycle times-in-mode should
be used (ICAO Annex 16 — Environmental Protection to the Convention on
International Civil Aviation, Volume II — Aircraft Engine Emissions).

! Text further amended by the Council during the consideration of the CAEP/7 report.
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viii)  Any State imposing LAQ emissions-related charges on aircraft that are in
international operation should annually report the existence of such charging
schemes to ICAO. The charging authority should maintain records regarding
the fees collected and the use of funds to be made available to all users.

2. Additional guidance on LAQ emissions-related charges appears in “Guidance on Aircraft
Emissions Charges Related to Local Air Quality” (Doc 9884).
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Agenda Item 3: Review of proposals relating to aircraft noise, including the amendment of
Annex 16, Volume I

3.1 REPORT OF WORKING GROUP 1 (AIRCRAFT NOISE)
GENERAL OVERVIEW

3.1.1 Introduction

3.1.1.1 The Co-rapporteurs of WGI1 presented the working group’s report. The main aim of
Working Group 1 was to keep ICAO noise certification standards (Annex 16, Volume I) up to date and
effective, while ensuring that the certification procedures (Environmental Technical Manual on the use of
Procedures in the Noise Certification of Aircraft (ETM) (ICAO Doc 9501)) were as simple and
inexpensive as possible.

3.1.2  Work Accomplished

3.1.2.1 The detailed work of WG1 had been undertaken by a number of Task Groups and the
activities and accomplishments of each were reported as summarized in the following paragraphs.

Certification Workshop Task Group

3.1.2.2 Three Workshops had been held since CAEP/6, in Montreal, in Rio de Janeiro and in
Bangkok.

Future of Noise Certification Task Group (FTG)

3.1.23 A priority objective of WGI had been the completion of a multiyear study into the future
of the noise certification scheme and the extent to which the current scheme fulfilled the purpose of noise
certification. The activity involved a study of the noise problem around airports and understanding the
role of the current scheme in influencing aircraft design. A number of sub-topics were involved, as
follows:

a) The design process. The aim of this work was to obtain a better understanding of the
influence of noise certification requirements on aircraft design in general and whether
the current scheme appropriately covered the different operational conditions. The
conclusion of the work suggested that, whilst the noise design of an aircraft was
driven by targets expressed in terms of noise levels at the certification conditions, the
incorporation into the design of features enabling optimum application of noise
abatement procedures was not encouraged by the current certification scheme. The
work already underway concerning selectable and variable technology should rectify
this situation.

b) Correlation of noise levels around airports and noise certification levels. An
analysis had been completed correlating noise levels around airports arising from
day-to-day operations with noise certification levels. Eleven airports in various parts
of the world had been studied. A reasonably high degree of correlation between noise
certification levels and operational noise levels had been found. WGI1 consequently
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concluded that the study revealed no underlying problem with the current noise
certification scheme.

c) Impact analysis. A MAGENTA based study had been completed of the noise
problem at airports. The MAGENTA model had been used to assess the impact of
both departures and arrivals on the population living around airports. WG1 had
concluded that the study had shown there to be no compelling need to change the
current scheme. It had also been agreed that noise problems far from an airport
arising from arriving aircraft would probably best be solved by operational means.

d) Report on the future of the Noise Certification Scheme. Following the completion
of these activities WG1 had concluded that there was no fundamental need to change
the structure of the noise certification scheme. A more detailed report on this work
was presented in a separate report to the meeting. It was recommended that the work
items on correlation and impact analysis could be considered closed and that further
work would concentrate on the incorporation into the design of features enabling
optimum application of noise abatement procedures.

Rotorcraft Task Group (RTG)

3.1.2.4 RTG had examined: (1) ways to make rotorcraft noise reduction schemes more effective
in addressing both noise certification and Land Use Planning (LUP) and ways to develop guidelines for
providing helicopter data for LUP purposes; (2) all technical issues relating to helicopter noise
certification; (3) the need for guidance on noise certification requirements for helicopters certificated for
CAT A airworthiness; and (4) the noise requirements/exemptions for modifications to helicopter design
for external attachments. The Steering Group had also agreed that the noise certification data for
helicopters used by the RTG as a tool in different studies on proposals for new helicopter noise Standards
should be put in the noise certification database (NoisedB).

Supersonic Task Group (SSTG)

3.1.2.5 The SSTG had continued to monitor information available about the ongoing research
programmes in Europe, the United States and Japan. A summary of the status of the related research in
Europe and the US was presented separately in the report of the Supersonic Research Focal Points
(SRFPs).

Technical Issues Task Group (TITG)

3.1.2.6 The TITG had addressed technical issues that had arisen in the application of the
certification schemes and related guidance. The principal effort in this area had been development of a
new version of the ETM. This work is reported on separately.

Technology Task Group (TTG)
3.1.2.7 The work of this group had included:

a) Current status of research. In view of the progress achieved within the various
national and international research programmes, it had been considered that enough
material was available to present an information paper summarizing the current status
of research aimed at technological solutions. Details were reported separately to the
meeting.
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b) Best Practices Database. It had been decided to examine the continued role of the
Best Practices Database maintained by ICCAIA, in supporting the development of
models used to populate future fleets and the replacement of retired aircraft in future
studies.

¢) Noise-Emissions Trade-offs. This topic had already been addressed in the discussions
under Agenda Item 1 (see para 1.19 of this report); and

d) Noise database. The first version of NoisedB has been approved by WG1 and WG1
had agreed on a voluntary process for updating and maintaining the data in the
database.

3.1.3 Discussions and conclusions

3.1.3.1 The meeting noted the work accomplished and endorsed WG1’s actions and conclusions.

32 PROPOSED AMENDMENTS TO ANNEX 16 —
ENVIRONMENTAL PROTECTION, VOLUME 1 -
AIRCRAFT NOISE

3.2.1 Introduction

32.1.1 The Co-Rapporteurs of WG1 presented a number of proposals for the amendment of
Annex 16, Volume 1.

3.2.2 Helicopters
Certification and land-use planning

3.2.2.1 It was noted that Annex 16, Volume I, Attachment H. Guidelines for Obtaining
Helicopter Noise Data for Land-Use Planning Purposes had been adopted at CAEP/6. In order to further
develop Attachment H on particular technical points, some studies had been conducted by the RTG. It
had previously been recognized that it might be desirable, for LUP purposes, to provide data for positions
in addition to the microphone position(s) used for noise certification. It had been agreed by the RTG that
Attachment H should be modified to provide the option for such additional microphone positions.
Accordingly, new text had been developed for proposed inclusion in Attachment H.

Technical issues related to noise certification

3222 It had been considered that in the definition of a “derived version of a helicopter” given
in Annex 16, Volume I, Part I, the term “adversely” could be interpreted as not referring to Chapter 11 but
only to Chapter 8. Since it was agreed that the definition should be the same for both chapters, the
Steering Group had already agreed to RTG’s proposed amendment to Note 2 of the definition.

Noise certification requirements for helicopters in “CAT A”
operational mode

3223 CAT A procedures form part of the flight manual normal procedures and are used under
specific operational circumstances. There had been cases where, due to the specific design characteristics
of a rotorcraft, the use of these operational rotor rpm modes could have had an impact on noise
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certification. Consequently, RTG had agreed on a revision of Chapter 8, paragraph 8.6.1.6 of Annex 16,
Volume 1. The paragraph now states that the maximum normal operating rotor speed corresponding to the
reference flight condition must be used during each noise certification procedure. It was also proposed
that the text of Chapter 11, paragraph 11.5.1.5 of Annex 16, Volume I be revised in the same way.

3.2.3 Technical issues
Definitions relating to wind speeds

323.1 The current definitions of the various wind speed limits and the definitions in the
regulatory documents were ambiguous and inconsistent. Clarification was particularly important since
exceeding wind speed limits is a common reason for having to suspend very expensive noise certification
tests. Differences in technical implementation due to ambiguities and inconsistencies could potentially
lead to big differences in costs of noise certification among different applicants and potentially in
differences in repeatability and accuracy of the results. Using guidance issued by the World
Meteorological Organization (WMO) and with the help of expert advice from the ICAO Meteorology
(MET) Section, revised Annex 16, Volume I provisions that create a technically sound and well defined
set of specifications were developed. Those specifications are unique to Annex 16 and do not therefore
conflict with definitions and terminology already used in other ICAO Annexes.

Update of IEC references

3232 Annex 16 contained references to several International Electrotechnical Commission
(IEC) standards that establish specifications for equipment used in aircraft noise certification. Over the
years, these specifications had been updated to reflect advances in electronics and manufacturing and
measurement techniques. Inclusion of the most recent IEC Standards in the Annex was therefore being
proposed, with an allowance to revert to earlier Standards which were still appropriate as an alternative,
provided the level of quality deemed necessary continued to be met. The continuing acceptance of earlier
Standards was regarded as an interim measure until such time as the use of obsolescent equipment ended.

Guidance on repairs limits for engine acoustic liners

3233 The acoustic panels in the engines/nacelles of commercial aeroplanes can be damaged
during normal service, and concerns had been raised as to whether this could lead to a deterioration of
noise levels. Manufacturers specify how to repair and restore the functionality of a damaged part. The
emphasis of the repair methods is on safety and structural integrity while minimizing any adverse impact
on acoustic performance. For each engine and nacelle combination, there is an “acoustic area loss
limitation” on the accumulation of lining losses due to repair. It had been agreed that the repair limitations
in the maintenance manuals adequately safeguarded the integrity of the acoustic treatments, and it had
been concluded that this work item did not need to be pursued further.

Review of Annex 16 concerning a possible change in V, increment as a
function of take-off mass and/or aircraft configuration

3234 It was noted that this task had been added to the work plan after an application for noise
certification in a State had proposed to vary the speed increment applied to V, as a function of take-off
mass. The intent of the applicant’s proposal was to adjust the V, such that the lateral noise level would
remain constant with changing take-off mass. The application had been denied. If the application had
been approved it would have altered the historical relationship between lateral noise and take-off mass
that is seen when looking at the mass range over which an aeroplane model is certificated, i.e., lateral
noise increases with decreasing take-off mass due to the increase in duration as mass/speed decrease.
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WGT1 had not been able to identify any previous applications that used a variable speed increment. It was
therefore proposed that Annex 16, Volume I, be amended to avoid any future use of a variable increment.

Applicability provisions

3.2.3.5 It was recalled that in Amendment 8 to Annex 16, Volume I, Chapter 1, Administration,
the words “Type Certificate” had replaced the previously used expression “certificate of airworthiness for
the prototype”. This reflected current usage and aligned Annex 16 with other ICAO documents. The
Steering Group had subsequently agreed that the same change should be made throughout the Annex. On
further reflection, WGI considered that if changes were to be made in this way, the notion of originality
conveyed by the word “prototype” might be lost. WG1 did not believe that this had been the intention and
now recommend a small change to paragraph 1.10 of Chapter 1 to restore the applicability rules to their
original meaning. This change referred to the application to the State of Design and was thereby
consistent with the applicability language used in Annex 8 — Airworthiness of Aircraft. WG1 also
recommend that the applicability language of Annex 16, Volume I be further aligned with Annex 8 by
referring to “date of submission of the application” rather than “date of acceptance of the application”.

Editorial corrections

3.2.3.6 The WG also suggested some minor editorial corrections to the Annex.

3.2.4 Discussion and conclusions

3241 The meeting noted some corrections which needed to be made to the French language
text of the Annex and requested the Secretary to take the necessary action. The meeting agreed to all the

proposed changes to Annex 16, Volume 1.

3242 The proposed amendments to Annex 16, Volume I are shown in Appendix A to the report
on this agenda item.

3.2.5 Recommendation
325.1 In light of the foregoing, the meeting developed the following recommendation:

RSPP | Recommendation 3/1 — Amendments to Annex 16 — Environmental
Protection, Volume I — Aircraft Noise

That Annex 16, Volume I be amended as indicated in Appendix A to the report
on this agenda item.

33 PROPOSED AMENDMENTS TO THE ENVIRONMENTAL
TECHNICAL MANUAL ON THE USE OF PROCEDURES
IN THE NOISE CERTIFICATION OF AIRCRAFT (ETM,
DOC 9501)

3.3.1 Introduction

3.3.1.1 The Co-rapporteurs of WGI presented a number of proposals for the amendment of the
ETM.
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3.3.2 Rotorcraft

3.3.2.1 The RTG proposed supporting guidance material in the three areas where corresponding
amendments to Annex 16, Volume I were being proposed (see para. 3.2.2 above). These were:

a) certification and land-use planning;
b) technical issues related to noise certification; and
¢) noise certification for helicopters in CAT A operational mode.

It was also proposed to add guidance to the ETM on noise certification of modifications to helicopters for
external attachments.

3.3.3 Technical Issues
Differential Global Positioning Systems used in certification testing

3.3.3.1 Differential Global Positioning Systems are widely used in aircraft noise certification
tests to track flight paths. Guidance material on this subject was developed for inclusion in the ETM.

Evaluation of noise measurement to establish no-acoustical change
Sfollowing engine modifications

3332 The noise certification process for a new or derivative aircraft and/or engine was well
established. However, there was often a need to assess minor modifications to an aircraft type design that
resulted in insignificant noise changes. The ETM currently listed some examples of types of aircraft
engine changes where component testing could provide adequate demonstration of the magnitude of small
changes to EPNL. Various experimental and measurement arrangements had been used by manufacturers
to carry out such testing, including in-duct acoustic measurements, that had been used to provide
information that a modification to engine design had resulted in EPNL changes that were within the limits
of “no-acoustical change” as defined in the ETM. However, no guidance material identifying acceptable
experimental measurement techniques was currently available. Some guidance material had consequently
been developed. It covered the use of acoustic measurements taken during indoor near-field and in-duct
engine tests, for the purpose of assessing small changes in EPNL due to minor engine design
modifications.

V, investigation

3333 This task addressed the regulatory differences between airworthiness performance rules
and noise rules that may affect future Chapter 10 tests. Determination of best rate of climb speed V,,
which is specified as a reference speed in Chapter 10 tests, had been removed from the airworthiness
requirements. The TITG had decided to address this issue by providing guidance in the ETM after
considering the possible test cost increase and stringency implications of defining a new reference speed.

Other technical issues

3334 Several other minor revisions to the text had been agreed to improve its readability and
clarify its meaning.
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3.3.4 Discussion and conclusions

3.34.1 The meeting agreed to the proposed amendments to the ETM. The amendments are
shown in Appendix B to the report on this agenda item.

3.3.5 Recommendation
3.35.1 In light of the foregoing, the meeting developed the following recommendation:

Recommendation 3/2 — Amendments to the Environmental Technical
Manual on the use of Procedures in the Noise Certification of Aircraft
(Doc 9501)

That the Environmental Technical Manual on the use of Procedures in the
Noise Certification of Aircraft (Doc 9501) be amended as indicated in
Appendix B to the report on this agenda item.

34 PROGRESS IN THE DEVELOPMENT OF A NEW
ENVIRONMENTAL TECHNICAL MANUAL

3.4.1 Introduction

34.1.1 The co-rapporteur of WGI1 presented a report on progress made in developing a new
version of the ETM. It was recalled that it had been agreed at CAEP/S to explore the possibility of
developing a new version of the document and the basic format for the new version had been agreed at
CAEP/6. Progress on developing the document had continued since CAEP/6 and a progress report was
presented to this meeting.

34.1.2 It had also been agreed that the new document should consist of a merging of the existing
document with the United States Federal Aviation Administration (FAA) Advisory Circular AC36-4C.

3.4.2 Current status of development

34.2.1 The current status of each chapter of the new ETM was presented to the meeting.
Current, but not necessarily final drafts of Chapters 1 to 4 had been reviewed by the focal points and were
published on the CAEP website for review by CAEP members; these drafts were in various stages of
maturity and could not be considered as final until approved by WG1 and the Steering Group. Chapters 5
through 7 were in less advanced stages of drafting and had not been presented for review as yet.

3.4.3 Completion of the document

343.1 It was expected that the complete text of the new ETM would be ready for presentation to
the SG approval prior to CAEP/8 with final approval at the CAEP meeting itself. Formal publication by
ICAO should follow as soon as possible thereafter.

3.4.4 Discussion and conclusion

3441 The meeting noted the progress that had been made.
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3.5 THE FUTURE OF THE NOISE CERTIFICATION
SCHEME

3.5.1 Background

35.1.1 The Co-Rapporteurs of WG1 noted that this matter had been under study since CAEP/5
and also that it was confined to the noise certification scheme applied to jet and heavy propeller driven
aeroplanes only.

35.1.2 The task could be summarized as being an assessment of how well the certification
scheme met the CAEP-agreed purpose of noise certification. The definition of the “purpose” of noise
certification was first developed at CAEP/3 and subsequently modified at the CAEP Steering Group
meeting held in Madrid in June 1999, and was as follows:

“The prime purpose of noise certification is to ensure that the latest available noise
reduction technology is incorporated into aircraft design demonstrated by procedures
which are relevant to day to day operations, to ensure that noise reduction offered by
technology is reflected in reductions around airports.”

35.13 The task had been split into three strands, i.e. the design process, problem identification
and a comparison of certificated noise levels with noise levels arising from day to day operations
monitored around airports. Each of these strands had been studied in detail and the results of these studies
are summarized below.

3.5.2 The design process

3521 The object of this study was to obtain a better understanding of the influence of noise
certification requirements on aircraft design in general and how the impact of any potential changes to the
certification scheme on aircraft design might be assessed. The study provided an insight into the factors
balancing noise requirements with the other design considerations, the process of designing to an
optimum configuration which targeted multiple noise objectives, and the role of technology development
and the mechanisms for its incorporation into airframes and engines.

3522 The conclusion of this work suggested that, whilst the noise design of an aircraft is driven
by targets expressed in term of noise levels at the certification conditions, the incorporation into the
design of features enabling optimum application of noise abatement procedures was not encouraged by
the current certification scheme. The work already underway concerning selectable and variable
technology should rectify this situation.

3523 Concerning the influence on design of the cumulative margin concept introduced by
Chapter 4, it was concluded that designing to a cumulative noise objective could result in improving
preferentially one or two of the three points, but not to the detriment of the third point. The cumulative
margin concept also provided greater flexibility for the optimisation of the aircraft design for
requirements such as performance, mass, fuel burn and emissions, as well as noise.

3.5.3 Problem identification

3.5.3.1 The MAGENTA model has been used to assist in the identification of noise problem
areas around airports and assess the relevance of the noise certification scheme to these problems. The
chosen metric for “problem” assessment was the distribution of noise impacted population in terms of the
contribution made by aircraft departures and arrivals at various altitudes and distances along flight tracks,
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and the association of the prob