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ECAC RECOMMENDATION ON
METHODOLOGY FOR EMISSIONS CALCULATIONS
(Preliminary approval given by DGCA/115 and being submitted for adoption by ECAC/27)

Whereas according to the ECAC environmental polistatement, ECAC is aiming for
sustainable growth in air transport by working to redinge environmental impacts of
noise and emissions,

Whereas adaptation ofavailableinternational model$or emissionscalculation for the
specific needs of aviation is part of ECAC’s work programme for the period 2001-2003,

Whereasobligations exisupon States to report emissiondrtternational organisations
such aghe UnitedNations FrameworlConvention on Climat€hange and the United
Nations Economic Commission forEurope, ECAC advocates thahy methodology
should be consistent with the format required for reporting of donmesétonemissions
under UN/ECE and UN/FCCC requirements, currently in accordance witR@@ 1996
guidelines (as revised),

Noting that thelevel of activity inthe field ofemissionscalculationsshowsconsiderable
variation between ECAC Member States,

The Conference recommends

Article 1
Definitions

In this Recommendation, CORINAIR¢-ordination Oflnformation OnAir Emissions)
is the European-wide emission inventory programmehhsiteveloped thenethodology
on which this Recommendation is based.

Article 2

Scope

The procedures referenced in this Recamdation relate to the calculation erhissions
from civil subsonic turbo-jet and turbopragrcraft flying domesticroutes within the
boundaries of a Membe3tate or flying internationaloutes departing oarriving at an
airport within the boundaries of a Member State.

Article 3

Adoption of a common framework for calculation of aviation emissions

ECAC Member States should ensure that the necessaryastefadken so thadrocedures
used inthe calculation of aviatioemissions forinternational reporting are based, at the

earliest opportunity, on the criteria specified in Articles 4-7 and explained @Gutltance
Material .
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Article 4
Methodology
The ANCAT methodology is based on tBMIEP/CORINAIR methodology thatonsists
of three methods with different levels of accuracy and complexity.

ECAC Member States should calculate the emissiorawviafion as accurately gmssible
usingANCAT method number three as described in the Guidance Material.

If Member States are not able to use sudetailedmethodology or are unable to obtain
detailed information on distances flown, they mayANEAT method number two, as
described in the Guidance Material.

If Member States are unable to obtain detailed information on aircraft types, they may use
ANCAT method number ong as described in the Guidance Material.

If a peerreviewedand well-documented national methodologyvsilable which is more
accurate than ANCAT methodumber three, Member States mayse this national
methodology when producing emission inventories.

Article 5

Quiality of reported data

ECAC states are urged, in limath the objective oharmonisation and consistency in the
application of the emission calculations methodology, to progressively refinenprove
the level of accuracy in recording aircraft emission data. Stafesuld aim towards
calculation ofemissions frontheir aviation activity in acordancewith ANCAT method
number three or a peaviewedandwell documented national methodology order to
achieve the best practicable level of accuracy.

Article 6

Traffic Data

ECAC Member States should u#ieeir own national traffic data. Buch data are not
available, Member States mawyse data availabl6from EUROCONTROL onaircraft
movements.

Article 7

Emissions Database

When producing emissianventoriesusing ANCAT 1, 2, or 3, ECACMember States
should use the emission data tables as described the Guidance Material.
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FOREWORD

This Guidance Material aims to explain the methodolegycalculating
air emissions from civil aviation activities and the d&quiredfor suchcalculations. This
document is written tsupportthe ECAC Recommendation on a common methodology
for emissions calculations and should be read in conjunction with that Recommendation.

Note that themethodology described in this document is intended for
producing emissiongventories. The methodology is not intended to provibbass for
initiatives such as emissions charging.

The Guidance Material contains references to emigsiatedproducts
of other organisations (for example, the UNECE andUN&CCC). In order tkeep the
Guidance Material a reasonaldigortguidance document and &void duplication,most
of those referencemre included as referencesweb pages. Subsequentlwhen actual
calculations are being madsing thisdocument, theiser willneed tohaveaccess to the
Internet.

A complete list ofall references toelevant welpagescan befound in
Appendix A. The references are also explained in the text dbtidance Materialvhere
needed.When refeences are made to specific tables in @@®RINAIR Emission
Inventory Guidebook, theCORINAIR table numbersare used. Again, to keep the
Guidance Material relatively short and to avoid duplication, these tables are not copied into
this Guidance Material.

When hardcopies aremade of theCORINAIR Emission Invetory
Guidebook or the dat@ables, theusershall refer to theveb page to ensure thdte most
recent versions aresedbecause the methodology and thega tables will be up-dated
from time to time.
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ANCAT:

ARTEMIS:

CAEP:

CORINAIR :

Cruise:
ECAC:
EMCAL :
EMEP:

EU:
ICAO:
IPCC:
LTO:

LRTAP:
UNECE:
UNFCCC:
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ABBREVIATIONS
(ECAC) Group of Experts on the Abatement of Nuisances Caused by

Air Transport

(EU-project) Assessment and Reliability of Transport Emission Models
and Inventory Systems

(ICAO) Committee on Aviation Environmental Protection
Co-ordination Of Information On Air Emissions

Part of the flight outside the LTO-cycle

European Civil Aviation Conference

(ANCAT) Subgroup on Emissions Calculations

Co-operative programme for monitoring and evaluation of the long-
range transmission of air pollutants in Europe

European Union
International Civil Aviation Organization
Intergovernmental Panel on Climate Change

Landing and Take-Off cycle: one LTO cycle comprising a landing plus
a take-off

Long-Range Transboundary Air Pollution
United Nations Economic Commission for Europe

United Nations Framework Convention on Climate Change

CHEMICAL SYMBOLS

CH,
CO
CO,
HFCs
N,O
NH,
NMVOC
NO
NO,
PCFs
POPs
SF
SO,

= methane

= carbon monoxide

= carbon dioxide

= hydrofluorocarbons (hydrogenated fluorocarbons)
= nitrous oxide

= ammonia
= non-méhane volatile organic compounds (hydrocarbons)

= nitric oxide

= nitrogen oxides (sum of NO and YO

= perfluorocarbons

= persistent organic pollutants (especially polychlorinated biphenols, dioxins)
= sulphur hexafluoride
= sulphur dioxide




CHAPTER 1

INTRODUCTION

The demand in air traffic has shown iarpressive growtlover thepast
years and this growth expected to continuever the nextlecade(s). As a consequence
more attentionhas been drawn to the environmental effectsapfation, such as the
exposure taircraft noise andhe contribution ofaviation to(local) air pollution and the
global climate effects.

Emissions inventories can be produced to evaluate the contribution of air
traffic to global, regionabnd national air pollutionDepending uporthe use made of
aircraft emissionsinventories, the method of calculati@amd level of detail in which
information is needed may be different.

In 1998the Group of Experts othe Abatement oNuisances Caused
by Air Transport (ANCAT) of the European Civil Aviation Conference (ECAfjated a
Subgroup on Emissions Calculations (EMCAL). The main objective of this Subgroup was
to recommend a common methodoldgy emissions daulations, given ECAQViember
States’ need for one. The Subgroup has produced a Reodiatina on éMethodology
for Emissions for Calculations and the accompanying Guidance Material.

This report isthe GuidanceMaterial, which describes background
information on the methodology and data needed for the calculatiawiatibnemissions.
Chapter 2 presents some background information on international bodiasetagte in
the field ofemissions and omternational reporting obligations. Chapted@&scribes the
methodologyfor the calculation of fuelised and emissions. Momeformation ondata
neededor emissioncalculations can b®und in Chapter 4. Cipger 5 highlights some
uncertainties regarding methodology and data.




CHAPTER 2

BACKGROUND

2.1 International Organisations

For many yearghe InternationalCivil Aviation Organisation (ICAO)
hasbeeninvolved in etablishing procedures and setting standards to coamoift
engine emissions. Nowadays there are a number of other UN policy-making \bitidlias
legitimate inerest in theemissionsgenerated bycivil aviation. Their interest is closely
linked with the responsibility for implemetation of international agreemerstisch as the
Kyoto Protocol ofthe UN Framework Convention ddlimate Change (UNFCCC), the
Montreal Protocol on Substances that Deplete the Ozayer and theelevantprotocols
to the Convention on Long-range TransboundsiryPollution. Each of these agreements
seeks to address specific environmental problems causeelthin man-mademissions.
Auviation is one of the many sources of such emissions.

2.1.1 UN Framework Convention on Climate Change, Kyoto Protocol

This Conventiorcameinto force in1994. Its pringpal policy-making
body is the Conference of thé&arties (CoP)which is supported by a number of
subsidiary bodies and working groups and which often calls on théntéhjovernmental
Panel onClimate Change (IPCC) foscientific andtechnical advice. Th€onvention has
the objective ofstabilising greenhousgas conentrations at a saféevel within an
acceptable timdrame. At the thirdsession ofthe Conference of th®arties (Kyoto,
Decemberl997)internationalaviationemissionswvere not included in thagreed targets.
On aviation, the Kyoto Protocol reads as follows:

“The Parties included in Annex 1 shall pursue limitation or reduction of
emissions of greenhouse gases not controllethéyMontrealProtocol fromaviation and
marine bunker fuels, working through the International Civil Aviation Organization and the
International Maritime Organization, respectively.”

2.1.2 Montreal Protocol on Substances that Deplete the Ozone Layer

The Montreal Protocohas set outarget dategor phasing out most
ozone-depleting substances. Its principal policy-making bodiieisannual Meeting of
Parties,supported bythe OzoneSecretariat. Thérotocol requireghe Parties toassess
measures concerning substances degiete the ozonkyer, on thebasis of available
scientific, environmental, technicahd economic information. Previoassessmentealt
with aviation, butprimarily focussed on supersonaircraft. The MontrealProtocol
process and ICACco-operate regarding internationaivil aviation’s contribution to
stratospheric ozone depletion.

2.1.3 Protocols to the Convention on Long-Range Transboundary AiPollution
(LRTAP)

The LRTAP Convention aims at preventing acid iama photochemicamog. It is open

to accession by member States of the UN Econddammission for Europ€ECE).
Most European States, Canaalad the United States are parties to the Convention. The
Convention’s principal policy-making body is iEecutiveBody, which issupported by

the ECE Secretariat. Several protocols are in force, deatthglifferent emissions (SO
NO,, VOC).
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The protocols tothe Convention and associated guidamoaterial
include information on abatement measures for mobile sources such as aircraft. There is a
liaison with ICAO aimed atensuring consistencyith ICAO’s work in this field and
avoidance of duplication.

2.2 International Reporting Obligations

The above UN policy-making bodies maintain an ongoing interest in the
amount of emissions produced by civil air traffic. For the UNFCCCtl@dNECE, this
interest is expressed faxample in the obligatiofior Member States to repotheir
domestic emissions froraviation tothese bodies. Guidelindsave been developed to
assist States isompiling their national inventorieS his paragraph describes existing
international reporting obligations and highlights some differences in reporting
requirements.

2.2.1 UNECE

The UNECE/LRTAP Convention dealgith the following pollutants:
SO, NO,, NMVOC, CH, CO, CQ, N,O, NH,, heavy metals and POPs.

Within the UNECE amethodologyhas been developed tsupport
countries that participate in the European-widemission inventory programme
EMEP/CORINAIR. An electronic version of th&eMEP/CORINAIR method can be
found on: ‘http://reports.eea.eu.int/technical_report_2001_3/¢@hoose “access to
Chapters”. Aviation is part of Group 8: "Othemobile sources andnachinery”and can
be found on pages 63-95 (B851).

. UNECE definitions of national and international emissions

For the UNECE emissions fromL.TO are considered to be part of the
national inventory of thecountry concerned. Emissions frooruise are considered
international emissions. The only exception is,Ghich has to baeported according to
UNFCCC requirements (see below).

2.2.2UNFCCC

The UNFCCC regires all Parties todevelop national inventories of
greenhouse gas emissions. dials with the following pollutants: CQ NO,, CH,,
NMVOC, SO, CO, NO, HFC’s, PCF’sand SE. ThelPCC hasestablished guidelines
for producingnational inventoriedor emissions (Revised 1996 IPCC Guidelines for
Greenhouse Gas Inventories, Vol 1, 2, 3; 1997). The methodology IR@@&Guidelines
has been further elaborated in the IPCC report “Good Practice Guidance and Uncertainty
Management in National Greenhouse Gas Inventories”.

For the UNFCCCthe EMEP/CORINAIR method and reference tables
are used, but the reporting protocol and some of the emissions to be repert#terent
than for the UNECE. The revised 1996 IPCC Guidelinescan be found at:
“http://www.ipcc-nggip.iges.or.jp/public/gl/invs1l.htm”.The IPCC Good Practice
Guidance Report can be found at:
“http://www.ipcc-nggip.iges.or.jp/public/gp/gpgaum.htniThe aircraft methodology is
described in paragraph 2.5 (pages 57-69) of Chapter 2 (Energy)).

For the UNFCCC, greenhouse gas emissi@aasashould bereported
using theCommonReportingFormat (CRF), which is accessible through:
“http://www.unfccc.int/resource/ghg/tempemis2.html”
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. UNFCCC definitions of national and international emissions

For the UNFCCC, emissions oflomestic flightsare considered to be
part of the national inventory of theuntry concernedwith respect to emissions of
international flights(often referred to as ‘eissions fromaviationbunker fuels’) there is
ongoing discussion on how to allocate these emissions tmalainventories. Afong as
there is no agreement on which option to choose, the practice recommeR@etieto is
that they collect information on international aviation emissions on the basis sebfdeh
their country and submit it thhe UNFCCC along with their national inventory, but not
included in their national totals of greenhouse gas emissions.

To summarise:

Organisation Pollutants National Emissiong International Emissigns

UNFCCC CQ, NO,, CH,, NMVOC, SQ, Emissions from Emissions from
CO, NO, HFC's, PCF’s, SF domestic flights international flights

UNECE CQO, NO,, CH,, NMVOC, SO, Emissions from | Emissions from cruisq
CO, NO, NH,, heavy metals, LTO
POP’s

UNECE exception: COshould be reported according to UNFCCC requirements

2.3 ECAC ANCAT Subgroup on Emissions Calculations (EMCAL)

Member states oECAC have been reporting nationamissions in
accordance with thdéroad requirements of these bodits many years but the
methodologies appliedave variedyreatly in terms of complexity and accuracy.1998,
ANCAT recognised the value in moving towards a harmonised and consistent basis for the
reporting of civil aviation emissions by its states and initiated work, through a subgroup on
EmissionsCalculation (EMCAL) to recommend a methodology that states cosgd
ANCAT hasacknowledged the existence of tBMIEP/CORINAIR to provide a sound
tiered approaciior calculating aircrafemissions. In order tavoid duplication of effort
and product, the recommendeBCAC methodology is harmonisedwith the
EMEP/CORINAIR methodology.

The next chapter contains more information on tHEORINAIR
methodology.

1 Not all pollutants relate to aviation.
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CHAPTER 3

METHODOLOGY

The methodology and standadata tables, to which th&uidance
Material refers, will be up-datedom time totime, butthe Guidance Material may ng
be updated as regularly. Thiser must ensure thdte mostrecent versions of the
methodology andlata tables are beingsed when producing emissionnventories.
References can be found in Appendix A and will be explained in this chapter.

~—+

14

3.1 Explanation of LTO

Operations ohircraft can be divided inttwo parts: Landing/Take-Off
and Cruise.

TheLanding and Take-OfLTO) cycle includesll activities of aircraft
near the airport that take plalselow the altitude o000 feet (915 meters). It includes
taxi-out, take-off, climb-out, approackanding and taxi-in. ICAChasdefined the LTO

cycle.

Cruise is defined asall activities ofaircraft that take placabove the
altitude of 3000 feet (915 meters). Cruise includes the climb from fé@d@end of LTO-
cycle) to cruise altitudes, level-flight cruissd descent from cruise altitudes3@00 feet
(beginning of LTO-cycle)Aircraft will fly at different cruisealtitudes,depending on
aircraft type, flight distance, instructions from Air Traffic Control, weather conditions, etc.

The distinctionbetweenLTO and cruise is not only important for
calculating aviatioremissions, as is explained in tlukapter, builso forinternational
emission reporting as described in paragraph 2.2.

3.2 The method

The ECACmethodology is based otne one that wasleveloped to
support countries thatarticipate in the European-widamissioninventory programme
EMEP/CORINAIR. The EMEP/CORINAIR methodologhas been developed to
calculate allemissionsneededfor international emission reporting as described in
paragraph 2.2. The EMEP/CORINAIR methodology will be explained in this chapter and
can be found onHttp://reports.eea.eu.int/technical_report 2001 _3/@Dhoose'access
to Chapters”. Aviation is part of Group 8 (Othmobile sources andnachinery) and can
be found on pages 63-95 (B851)).

3.2.1 Three-staged methodology
Within EMEP/CORINAIR, there are three methods, whidhave

different levels of accuracy and complexity. These are used to calculate the quantity of fuel
used by aircraft and the emissions associai#dthatfuel use.The aggregated data then

1 ICAO: International Standardsand RecommendeBractices - EnvironmentaProtection, Annex 16,
Volume I, Aircraft Engine Emissions. Second edition, July 1993, ICAO, Montreal.
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form the inventory. The three methods, listed here in increasing complexity and report
detall, are known asANCAT 1, ANCAT 2 and ANCAT 3, and equate to the
CORINAIR Very Simple, Simpleand Detailedmethods. ECAC’s goal is that states
shouldprogressivelynovetowards calculating their annuaViation emissions using the
ANCAT 3 method to achieve accurate reporting across all ECAC states. If eeypeeed

and well-documented national methodologyaisilable which ismore accurate than
ANCAT methodnumberthree,Member States mayse thisnational methodologyvhen
producing emission inventories.

ANCAT 1, ANCAT 2 andANCAT 3 will be described in paragraphs
3.3, 3.4 and 3.5 respectively.

3.2.2 Data requirements

Table 1 gives an indication of the dataquired for the different

methods.
Table 1 Minimum data requirements for the three methods
ANCAT 1 ANCAT 2 ANCAT 3
Total quantity of fuel Total quantity of fuel Total quantity of fuel
consumed consumed consumed
Proportion of fuel Proportion of fuel Proportion of fuel
Domestic — international Domestic - international Domestic — international

J

Total number of movements Movements by aircraft type Movements by aircraft type

Domestic — international

Detalls of aircraft types Details of aircraft types
Domestic - international Domestic — international

Details of departure and

arrival airports of individual

aircraft both domestic and
international

In Table 1, if theprecise value cannot be obtained, the term ‘fuel
consumedmay also be taken athe quantity of fuetlelivered to the airportgnd failing
this, the quantity of fuethipped fronthe refinery.This last option must bieatedwith
care becaussome ofthe aviationfuel mayhavebeen exported oused fornon-aviation
purposes.

Table 1shows thathe choice of which method tase toprepare an
inventory will depend on detail and quality @failabledata. Itshows tlat, for example, if
the number of movements per aircraft type is NOT kndMNCAT 1 is theonly method
of the three that can be used.

3.2.3 Representative aircraft

When preparing an inventoryusing ANCAT 1, ANCAT 2 and
ANCAT 3, representative aircraft are usedtioe calculations. These aircraft are selected
to represent the existing fleet.
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ANCAT 1

In ANCAT 1 no more tharfour or five representative aircraft atesed
to calculatefuel used and emissions InTO and cruise Different aircraft areused to
represent domestic and international flights. In addition, the fleet may be described as 'old’
and'average'. The terrold' is taken to mean fleet where the majority of the aircraft
comply with the Chapter 2 noise standard but exceed thelreede contaned in Chapter
3L, These representative aircraft canfdmend in Table 8.2 in the CORINAIR Emission
Inventory Guidebook.

ANCAT 2

For ANCAT 2 calculations of fuelsed and emissions iTO, actual
aircraft are modelledhrough ‘conversion’ to 1%ircraft which represent theworld’s
passengejet fleet (see ANCAT 3). Thus, in ANCAT 2the data on fuelsed and
emissions inLTO are derivedfrom the whole fleet, not just from the few aircraft
representing domestic and international flightaNCAT 1.

For calculations of fuel used and emissionsrinsein ANCAT 2, the
same four or five representative aircraft and also the method are us&NESAm 1.

ANCAT 3

For ANCAT 3 calculations of fueused and emissions InTO and
cruise actual aircraft are modelleédrough ‘conversion' to 3@ircraft whichrepresent the
world's passengget fleet. Thus, INnANCAT 3 the data on fuelised and emissions in
LTO andcruiseare derived from the whole fleet.

The conversion o&ctual aircraft to the 30 representative airdi@ftthe
LTO part InANCAT 2 and forLTO andcruisein ANCAT 3 is shown inTable4.2 of
the CORINAIR Emission Inventory Guidebook.

3.2.4 Data on fuel and emissions

Default data on the quantity of fueised and emissions for the
representative jet aircraft usedANCAT 1 and thecruisepart iInANCAT 2 are given in
Table 8.2 ofthe CORINAIR Emissioninventory Guidebook.Note thatTable 8.2 gives
total fueluse and emissions for LTO operatiofi®/LTO) and emission factors for
cruise (kg/tonne fuel used).

For the representative aircraft that aiged iNnANCAT 3, detailed fuel
and emissiordata can be obtaindtbm the CORINAIR reference tables, which can be
found in “B851 spreadsheet 1" and “B851 spreadsheet 2" on:
“http://reports.eea.eu.int/technical_report_2001_3/en/page017.html”

The next thregparagraphs will describbow to use these data for
ANCAT 1, 2 and3.

3.3 ANCAT1

ANCAT 1 can beusedwhen thenumber of aircraftmovements is
known, but the individual aircraftypes andtheir routesare not. In otherwords, in

1 ICAO: International Standardsand RecommendeBractices - EnvironmentaProtection, Annex 16,
Volume |, Aircraft Noise. Third edition, July 1993, ICAO, Montreal.
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ANCAT 1, computations can be madéhout any detailed knowledge of air traffic data.
Data needed fohANCAT 1 are (Table 1 of paragraph 3.2.2):

. The quantity of fuelsed. The assumption nsade that the amounsed for
domestic and international operations can be identified or estimated,

. The totalnumber of domestic flights arnitie total number of international
flights.

Figure 3.1

Fuel Sold for
International
Use

Total National Fuel Sold for

Aircraft

Estimation of aircraft emissions with ANCAT 1

Number of
LTO’s for

Total National Number

of LTO’s

International
Flights

Fuel Consumption
per International
LTO

International LTO
Fuel Use

Fuel Use

International Cruise

X Emission
F-actor

Emissions for
International
Cruise

Emissions for

X|Emissions X
per LTO

International

LTO

LTO).

Number of
LTO’s for

Domestic
Flights

Fuel Sold for
Domestic
Use

Fuel Consumptior
per Domestic
LTO

Domestic LTO

Fuel Use
Domestic Cruise
Emissions Fuel Use
per LTO
X| Emission
Factor

Emissions for

Domestic
LTO

Emissions for
Domestic
Cruise

Note the difference in‘emission factor’ (alsoknown as‘emission
index’) for the cruise part of the flight (being kgmissions/tonne fueuised) and
‘emissionsper LTO’ for the LTO part of the flight (beingptal kg emissions for one
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Step 1: Calculation of fuel using ANCAT 1

The quantity of fuel used iInTO operations ixalculated as theumber
of LTO operations multiplied by the total fuel use per LTO agivien in Table8.2 of the
CORINAIR Emission Inventory Guidebook. The quantity of fuséd incruise becomes
the difference between the total quantity of fuebwn or assumed to hesed and the
guantity of fuelused in LTO operationg.hese calculations must be done separately for
domestic and international flights.

Step 2: Calculation of emissions using ANCAT 1

Emissions fromLTO operations are obtaineasing the number of
domestic and international LTO operations #mel appropriate totaémissions per LTO
(domestic or international). Nothat the quantity of fualised in LTO is noheeded for
calculations ofemissions irLTO, but isonly neededor obtaining the quantity of fuel
used in cruise. The emissions in LTO are directly obtained from the number of operations,
sincefor LTO operationsTable 8.2 of the CORINAIR Emissioninventory Guidebook
givestotal fuelused and emissions per LT@ot emission factors (kg emissions/tonne
fuel used).

This is differentfor emissions ircruise The emissions fothe ‘cruise’
part of the flight relate to the quantity of fueded in cruiseMultiply this quantity of fuel
used in domestic and international cruise operations by the emission factor for domestic or
international cruise operations (ffable 8.2 CORINAIR Emissiorinventory Guidebook)
to yield the emissions in cruise.

Step 3: total fuel used and emissions for domestic and international flightssing
ANCAT 1

The quantity of fuelused and emissions produced thmtomes the
sum of the LTO plus cruise results, again separately for domestic and international flights.

Improvement of accuracy of international fuel use and emissions using ANCAT 1

Detailed knowledge of flight distances is NOT requif@dANCAT 1.
However,when thenumber of flights less than amgleater thart000 nm isknown, the
recommendation is made tase the aircraft appropriate tshort and longdistance
international flights. Thisvill improve the quality of themissionsdatafor international
operations, because in general different airagses will be used for shoismaller
aircraft) and long distance flights (larger aircratft).

Applying this distinction will yield more accurate results for the quantity
of fuel used and emissions in international LTO operations, thus leading to a more precise
calculation of the quantity of fueised and emissions international cruise operations.
Without this distinction a B74400 is assumed to represatit international flights in
ANCAT 1, including thosefrom, for example,London to Paris orAmsterdam to
Frankfurt. This may be explained as follokRelativelylarge aircraftsuch as a B747-400
will consume far more fuel during LTO than a smablécraft. The smaller aircrafwill
generally be used for these short distance international flights, and therefoadciiteted
guantity of fuel used and emissionsinternational LTO will beoverestimated. Since the
guantity of fuel used in cruise ike difference betweeiotal’ fuel and LTOfuel, fuel in
international cruise would be underestimated by using the larger aircraft.

Flights shorter than 1000 nm are considered to be short distance flights.
Flights of 1000 nm omore are considereldng distance flights. WithiRNCAT 1 a
split in short and longlistance flightscan bedone onthe basis ofthe percentage of
movements if the exact flighdistances are not knowrror short distanceand long
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distance flights, representative aircraft and default fueleamdsionsvalues areshown in
Table 8.2 of the CORINAIR Emission Inventory Guidebook.

3.4 ANCAT 2

ANCAT 2 may beusedwhen individual aircrafised in domestic and
international traffic are identified, but th@ecise domestic and international destinations
are not available.

Data needed foANCAT 2 are (Table 1 in paragraph 3.2.2):

. The quantity of fuelsed. The assumption nsade that the amounsed for
domestic and international operations can be identified or estimated,

. The totalnumber of domestic flights arnitie total number of international
flights,

. Details of individual aircraft types used in domestic and international traffic.

ANCAT 2 is a combination oANCAT 1 and parts oANCAT 3. A
higherlevel of accuracy is obtained because the LTO data on individual aircraft are
used. This means that KNCAT 2 a detailed knowledge is needed of the airdygifes
operating from the airports so that the LTO component of the flight can be calculated more
precisely than iANCAT 1.

Forcruise the same representative aircraft and methachlolulation as
in ANCAT 1 are used. The distance that eagbraft flies is not specifically required for
calculationswith ANCAT 1 or for calculation ofcruise emissionsvith ANCAT 2,
although, hereagain, theaccuracy of cruise can be pmoved by usingthe aircraft
appropriate to missions of less than or greater than 1000 nautical miles.

Step 1: Calculation of fuel using ANCAT 2

For calculating the fuelised InLTO, the aircraft actually operating are
assigned tarepresentative aircraft, which ashown in Table 4.2 of the CORINAIR
Emission Inventory Gdebook.Data from thoseepresentative aircraft are thesed to
calculate the fuel used in domestic and international LTO operations. TIANCAT 2
data on fuelised in LTOare derivedrom the wholefleet, notjust fromthe few aircraft
representing 'old' or 'average' for domestic and international flightsA®CGAT 1.

To obtain the fuel used InTO, the totalLTO fuel use peraircraft type
is multiplied by the total number of LTO operations per aircraft type. The quantity of fuel
used in LTO is then deducted from the domestic and international totals to yieltsddel
in cruisein the same manner asANCAT 1.

Step 2: Calculation of emissions using ANCAT 2

The totalLTO emissions for individualepresentative aircraft asthown
in Table 8.3 of CORINAIR Emission Inventoryui@@ebook. Thesareused todetermine
the amount of emissions from the number of LTO operationsddn aircraft typeNote
again, that the quantity of fuaked in LTO is noheededor calculatingLTO emissions,
but is only needed for obtaining the quantity of fuel used in crlilseemissions in LTO
are directly obtainedrom the number of operations per aircréfpe, since for LTO
operationsTable 8.3 ofthe CORINAIR Emissioninventory Guidebookgives total fuel
used and emissions per LTg@r aircrafttype, notemission factors (kg emissions/tonne
of fuel used).
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For cruise the same method issedthat is specified inANCAT 1,
namely, the quantity of fuel in cruise is multiplied by the emission fastalomestic and
international cruise operations (Tab&2 of the CORINAIR Emission Invatory
Guidebook) to yield the emissions in cruise.

Step 3: Total fuel used and emissions for domestic and international flightssing
ANCAT 2

The total quantity of fuelused and emissions in domestic and
international operations is then them ofthe LTO operationbased upon steps 1 and 2
above plus cruise operations a®\MCAT 1 described in section 3.3.

Note: If the results froANCAT 1 andANCAT 2 are compared, the
guantity of fuel used in LTO is different and this leads to a difference in cruise fuel. This
comes about because ANCAT 2 the quantity of fuel in LTO iscalculated more
precisely than inrANCAT 1 and cruise fuel igalculated as total fu€ln domestic or
international operations) less the respective LTO fuel. SInBBIMGAT 2 the fuelused in
LTO is calculated more precisely, the calculated fus¢ in cruise will also be more
accurate.

3.5 ANCAT 3

ANCAT 3 is themostdetailed method of the thrend may beused
when individual aircraft movementnd departure andrrival airports are known. The
advantage oANCAT 3 is that boththe LTO and cruise estimates become nameurate
than withANCAT 1 and cruise estimates become more accurate tha\iN@IAT 2.

Data needed fohNCAT 3 are (Table 1 of paragraph 3.2.2):

. The quantity of fuelsed. The assumption msade that the amounsed for
domestic and international operations can be identified or estimated,

. The totalnumber of domestic flights anitie total number of international
flights,

. Details of individual aircraft types used in domestic and international traffic,
. Details of departure and arrival airports of individual aircraft.
Step 1: Calculation of fuel using ANCAT 3

In ANCAT 3, the computations of fuel inTO are made in the same
manner as described ANCAT 2, namely, thenumber of LTO operations peircraft
type multiplied by the total fuaise in LTO forthe appropriate aircraft type (talBe3 of
the CORINAIR Emission Inventory Guidebook).

The quantity of fuel used ktruiseper representative aircraft depends on
the distance flown. To determine the distances flown, information on departuagrigald
airports is needed. The fuelsed in cruise iscalculatedper mission distance per
representative aircraft type.

For the representativarcraft, calculations ofuel used (and emissions)
have already been performetbr standard mission distance$he results of these
calculations are presented in standard data tables for jet aircraft and turbo paopedier
which can be found in “B851 spreadsheet 1" and “B851spreadsheet 2” on:

“http://reports.eea.eu.int/technical_report_2001_3/en/page017.html”
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The data contained in the tables sthndard distanceare used to
interpolate data for actual mission distances flown. In paragraph 3.7.3 an exagnsa is
how to calculatduel used for anygiven mission distances based on these standatal
tables.

Note that inANCAT 3, the quantity of fuelised in cruise is obtained
on thebasis of grecisecalculation, not by deducting thael used in LTO operations
from the total amount of fuetold (as is done IANCAT 1 and?2). This meanghat
calculationshave to bemadefor all representativaircraft andfor all mission distances.
The amount of computational work may however be reduced by adding up the number of
flights of like-aircraft pemission distancefFor example,100 Airbus 321'sfly a route
where the airport to airport distance is 1000 nm and 200 Airbus 320's fly a different route
which is also 1000 nm. The A320 is the representativeftypthe A321. That mearthat
calculations can be represented by 300 A320’s flying 1000 nm.

Step 2: Calculation of emissions using ANCAT 3

In ANCAT 3, the computations agmissions irLTO are made in the
same manner as describedANCAT 2. The totalLTO emissions forthe individual
representative aircraft ashown in Table 8.3 of the CORINAIR Emission Invetory
Guidebook. These argsed todetermine the amount @missions fronthe number of
LTO operations for each aircraft type.

Calculations ofcruise emissionsare madeusing the emissions per
standard mission distance per aircraft type in the CORINAIR standard data tables.

Step 3: Total fuel used and emissions for domestic and international flightssing
ANCAT 3

The fuelused and emissions in cruise per mission distancaifeaft
type are aggregated to yield the cruise totals per aircraft type. Add the cruise totals per
aircraft type to the LTO totals per aircraft type to yield tthtal fuelused and emissions
for the totalnumber of flights per aircraft typédd up these totals per aircraft type to
yield the total fuel used and emissions for the whole fleet (domestic and international).

Reconciliation of fuel estimated and fuel sold/delivered in ANCAT 3

ANCAT 3 is a bottom-up methodology, because the starting point is
the individual aircraft and flight. The total quantity of fuel that is estimated iméysmay
miss some flights and may not account for route deviations or holding before landing.

Accordingly, the quality of the informationeeds to be checked. The
quantity of fuel that results frorthe ANCAT 3 calculations must be compared to the
quantity of fuelsold /delivered. If there is a differencand mostikely there will be, the
qguantity of fuel calculated by individual grouped flights must be adjustedrédlect the
quantity of fuelsold /delivered,and theemissions must be adjusted accordingly (see
calculation example in paragraph 3.7.3).

3.6 VFR and Military flights

The CORINAIR methodology mayalso be used tcalculate the fuel
used and emissions produced from VFR (Visual Flight Rules) and military flights. A way
to calculate the emissions is to combine default fuel-related emission faittotstal fuel
consumption, if the latter figure available.Otherwise the fuelise and emissionsan be
estimated from the number of flight houeserageuel flow figures anddefault emission
factors. Please refer to Tabl&6 to 8.10 ofthe CORINAIR Emission Invatory
Guidebook.



-20 -

3.7 Calculation examples

This paragraph is intended to illustratke methods ANCAT 1,
ANCAT 2 and ANCAT 3 with some calculation examplesFor these calculation
examples, the following assumptions are made:

. 500,000 tonnes of aviation fuel are sold, of which an estimated 200,000 tonnes
are used for domestic aviation. This means tthetremaining 300,00nnes
are used for international operations;

. There are 200,000 movements of domestic aircraft, and 100,000 movements of
international traffic.For the calculationspne LTO cycle is taken as one
landing plus onetake off for each aircrafaindtherefore, theaumber of LTO
cycles is HALF the number of movements. Accordingly, in éxample there
are 100,000 domestic LTO cycles and 50,000 international LTO cycles;

. The fleet can be characterised as ‘average’;

. NO, is used as an example of the emissions burden.

Fuel used and emissiooan be calculatedsingthe ANCAT 1, 2 and
3 methods, as will be explained in the next paragraphs.

3.7.1 ANCAT 1

From Table 8.2 of the CORINAIR Emissidmventory Guidebook, use
the datefor the average fleet (B73400 for danestic traffic and B767or international
traffic):

Fuel used for domestic aviation:

Fuel in LTO =825 kg * no of LTO| =825 * 100000 /100Q = 82500 tonnes
cycles (domestic)
Fuel in cruise = Domestic fuel less | = 200000 — 82500 = 117500 tonnes

(All operations at | fuel consumed in LTQ

altitudes greater
than 3000 feet)

Total domestic fuel 200000 tonnes

Emissions (NOx) from domestic aviation:

NOXinLTO |[=8.3kg*noofLTO = 8.3 * 100000 /1000 | =830 tonnes
cycles (domestic)

NOX in cruise | = Fuel used in cruise * | =117500 * 10.3/ 1000 = 1210 tonnes
emission index for NOx

in cruise
Total domestic| Sum of LTO and cruise 2040 tonnes
NOXx emissions

The same calculation could performed forinternational trafficusing
the B767 to represent the average fleet, again using Table 8.2@DRENAIR Emission
Inventory Guidebook as a source of data.



-21 -

Fuel used for international aviation:

V)

Fuel in LTO = 1617 kg * no of | =50000 *1617/100Q = 80850 tonnes
LTO cycles
(international)

Fuel in cruise = International fuel | = 300000 — 80850 | =219150 tonne

(All operations at less fuel consumed in

altitudes greater than| LTO

3000 feet)

Total international fue 300000 tonnes

Emissions (NOx) from international aviation:

NOx in LTO =26.0 kg *no of LTO | = 26.0 * 50000 /1000 | = 1300 tonnes
cycles

NOX in cruise = Fuel used in cruise *| =219150 * 12.8 / 1000| = 2805 tonnes
emission index for NOX
in cruise

Total international Sum of LTO and cruise 4105 tonnes

NOx emissions

The total domesti@lus international inventoryusing ANCAT 1 then

becomes:

Fuel used

500000 tonnes (given)

NOx produced

6145 tonnes (calculated)

3.7.2 ANCAT 2

Let us assume that the movements in domestic aviatidor@kendown
by aircraft type as follows:

A319 20%
A320 25%
A321 5%

B737 200 20%
B737 400 10%
BAe 146 5%

F100. 15%
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The breakdown of aircraft movements into representdyiges is as

follows:

Aircraft type | % of domestic| Representative| % of domestic | No of domestic LTQ
movements by aircraft movements by | cycles (take-off plus

aircraft type (Table 4.2 of | representative type landing)
CORINAIR)

A319 20 A320 50 50000

A320 25

A321 5

B737 200 20 B737 100 20 20000

B737 400 10 B737 400 10 10000

BAe 146 5 BAe 146 5 5000

F100 15 F100 15 15000

Totals 100 100 100000

The same process is used asANICAT 1 to determinghe quantity of
fuel used InLTO, butthis time usethe datefor the representative aircraftpes inTable
8.3 of the CORINAIR Emission Inventory Guidebook.

Representative] No of LTO | Fuel per| Total fuel used in LTQ NOx per{ Total NOx In
aircraft type cycles LTO =fuel inLTO*No of| LTO LTO
cycle LTO cycles cycle =NOx in LTO *
(kg) (tonnes) (kg) No of LTO cycles
(tonnes)

A320 50000 802.3 40115.0 10.8 540.0

B737 100 20000 919.7 18294.0 8.0 160.0

B737 400 10000 825.4 8254.0 8.3 83.0

BAe 146 5000 569.5 2847.5 4.2 21.0

F100 15000 744.4 11166.0 5.8 87.0

Totals 100000 80676.5 891.0

The quantity of fuelised in cruise ignown but, although thtypes of
aircraft flying are known, the individual distances may not be. Therefore, review the fleet to
determine whether it is old or average. In #ample, thesssumptiorwas made that the
fleet is average because the number of old technology BO@7epresented kihe B737

100 is small. Thus, from Table 8.2, use the B737 400 as the representative aircraft.

Emissions (NOXx) for cruise aviation:

NOX in cruise

= Fuel used in cruise *

= (200000 - 80676.5) *

= 1229.03 tonnes

emission index for NOx in | 10.3 /1000

cruise
Total domestic Sum of LTO and cruise =891.00 + 1229.03 = 2120.03 tonnes
NOx emissions

The same rationale can be applied to the international flights, but here
the aircraft that would based to simlate cruise may be the Boeing 7T the average
fleet or the DC10 if the fleet contained predominantly older aircraft.
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3.7.3 ANCAT 3

The minimum data that are required to apply ANCAT 3 method are
the individual aircraft types, for example, by name, IATA or ICAO cptles the distances
travelled. Distancéravelled betweeamirportscan be obtainettom referencébooks such
as the Air Distances Manual published HWATA as a CD ROM obtainable from
“http://www.iataonline.com/shop/find.aspdr from the OAG Flight Guide that is
published by Reed Elsevier plc group lattf://www.oag.com/”’However, note that these
distances are Great Circle (thleortest dimnce between twpoints) and do not account
for any deviationcaused byATC constraints or for dtancetravelled during stacking
before landing.

An example of al\NCAT 3 calculation is given below:

Assume an A300 flies from London to NeWork. From the Air
Distances Manual, the distance from Heathrow to Newk airport, inthis exampleJFK,
is given as 536 km, 3440 statutaniles or 2989 nautical miles. Ifdistances are in km,
they have to be converted into nautical mitascompatibility with thereference tables. 1
nautical mile is equivalent to 1.852 km or 1.15078 statute mile.

From Table 4.2 othe CORINAIR Emissioninventory Guidebook, the
Airbus A300, given as AB3, is represented by the Boeing 767.

Fuel in LTO, from Table 8.3 for the B767-300 ER = 1617.1 kg
NOXx in LTO, from Table 8.3 for the Boeing B767 300 ER = 26.0 kg
To determine the quantity of fuased andNOx emitted in thecruise

phase offlight, refer to the B767 in th€ ORINAIR standarddata tables, which can be
found in “B851 spreadsheet 1” on:

“http://reports.eea.eu.int/technical_report_2001_3/en/page017.html”

The mission distance is 2989 nm, and therefore the bracket distances are
2500 and 3000 nm.

Fuel for the flight:

Data for 2500 | Data for 3000 | Calculation for Result
nm nm 2989 nm (kg)
Fuel used in flight 24804.4 29909.4
total (kg)
Fuel used in LTO (kg) 1617.1 1617.1 1617.1
Fuel used in cruise | =24804.4 - =29909.4 - =(2989-2500)/ 27250.9
(see also climb/ 1617.1 1617.1 (3000-2500)*
cruise/descent) = 23187.3 =28292.3 (28292.3-
23187.3)
(kg)
+23187.3
Total fuel for the Fuel in LTO + =1617.1+27250.9 28868
flight fuel in cruise
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Data for 2500 [ Data for 3000 | Calculation for Result
nm nm 2989 nm (kg)
(kg)

NOXx produced in 320.3 388.1
flight total (kg)
NOXx produced in 26.0 26.0 26.0
LTO (kg)
NOXx produced in =320.3-26.0 | =388.1-26.0 |=(2989-2500) |360.6
cruise =294.3 =362.1 /(3000-2 500)*
(see also climb/ (362.1-294.3)
cruise/descent) +294.3
(kg)
Total NOx for the NOx in LTO + =26.0 + 360.6 386.6
flight NOX in cruise

This type of calculation would then be done for all of the aircraft and for
all of the flights to build up an inventory of domestic and international flights.

Match the quantity of fuel calculated in ANCAT 3 to the
guantity of fuel sold

Where the quantity of fuel sold atioe quantity calculated are different,
an adjustment is necessary to accdiantthe difference between thghortest (Great
Circle) distancedetween citypairs and flights not accountddr, route deviations or
holding before landing.

The quantity of emissions should bedjusted accordingly. This
adjustment should be madwlividually for each of domestiand international operations
if the split between domestic and international fuel sales is known. Usually this split is not
known so precisely and therefore the adjustment has maalde on thdasis oftotal fuel
sales.

The adjustment, whether on thmasis of total or individually for
domestic and international fuel sales, is manly to cruise fuel becaugke quantities of
LTO fuel and NOx arecalculated according to theumber of LTO operations and the
relevant aircraft types. These values do not change if the aircraft is held before landing or
is diverted.

From the quantity of fuelsold (total, domestic, orinternational as
appropriate) deduct the quantity of LTO fwalculated byANCAT 3. This now gives a
guantity of fuelused in cruisessessed ithe same manner as describedANCAT 1
and2. The quantity of NOx that had beealculatedfor cruise usingANCAT 3 is then
adjusted in the ratio of this new cruise fualue to thatalculatedusing ANCAT 3, thus
yielding an adjusted NOxalue. Addback the LTO fuel antlOx to give the totals for
fuel (this will equal the quantity sold) and NOx (calculated LTO plus adjusted cruise).

In our examplefor domesticaviation theassumedotal quantity of fuel
sold was 200 000 tonnes. Of this total, 80 676.5 tonnes were calculated for LTO using the
ANCAT 2 method, but thisvould havebeen the same wheé&kNCAT 3 had beerused.
The reason fothat is thatANCAT 2 andANCAT 3 both calculate the. TO datafrom
representative aircraft. If we furthassume that 100 000 tonnesfudl would havebeen
calculatedfor damestic cruise, then the adjustment to the calculateide NOx would
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havebeen(200 000 — 80 676.5)/100 00The same logic would apply to international
flights.

3.8 Comparison of ANCAT 1, ANCAT 2 and ANCAT 3

Before accepting CORINAIR as a basis forEHEDAC recommendation
EMCAL has validated theCORINAIR methodology and gauged the differences in
outcome of ANCAT 1, ANCAT Zand ANCAT 3. This paragraplgivessome insight in
these differences.

ANCAT 1, being themost simplemethod,uses only twaaircraft types
to represent all movements on the assumptionttieahumber oflights below and above
1000 nm is unknown. The B737-400 is used famdstic flights andhe B747400 for
international flightsFor the LTO-part of thdlight, this means that it iskely that LTO
fuel use isoverestimated, buhis depends othe fleet characteristicg.or instancefor a
small countrywhere domestidlights are generally flowrwith aircraft smaller than the
B737-400, the calculated fuel use of domeki©s will be overestimated. Since fuel use
of domestic cruise is the difference between fuel used for domestic LTO arsblfli¢dr
domestic flights, the fuel use of domestic cruise will be underestimated.

For international flightshe B747400 isbeingused as aepresentative
aircraft. When agreat portion othe internationaflights are relativelyshortdistance, the
overestimation for fuel use of international LTO and, subsequently, the underestimation of
fuel use ofinternational cruise might bevenbigger than for domestic flightsThese
differences for fuel consumption will generally result in similar differeficegmissions.

The relativelylarge overestimation of fuelse ininternationalLTOs and, subsequently,
underestimation of fuel consumption in internatiocralise,gaverise tothe split inshort
distance and long distance international flightsich has been incorporated in the
EMEP/CORINAIR methodology and in ANCAT 1 (see paragraph 3.3, step 2).

In ANCAT 2 (and ANCAT 3) individual aircraft arebeing used to
calculateLTO fuel use and LTO emissions. This yield®re accurateesults for LTO
fuel use and LTO emissiorthan with ANCAT 1 and,subsequentlyfor fuel use and
emissions of the cruise partibfe flight. The differencéetween ANCAT 2and ANCAT
3 lies in the calculation of fuelsed and emissions in cruise. ANCAT 2, these are
calculated deducting tHeTO fuel use fromthe total amount of fuedold (separate for
domestic and internationdlights). In ANCAT 3, fuel use and emissions in cruise are
calculated using representative aircraft and mission distances.

To summarise: thadvantage of ANCAT 2 is that tHeTO estimates
become more accurate than with ANCAT 1. The advantage of ANCAT 3 is that both LTO
and cruise estimates become maceurate than with ANCAT and the cruise estimates
become more accurate than with ANCAT 2.

When validating CORINAIR some calculations have been made by Member States using
national ‘best practice’ methods. In general the national methods used are more detailed
than ANCAT 3 using, for instance, specific tail numbers, appropriate engines and real
LTO operation times. The comparison of results of ANCAT 1, ANCAT 2 and ANCAT 3
with results of these ‘best practice’ methods showed that generally the more detailed
method resulted in lower calculated fuel use and emissions.
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CHAPTER 4
DATA SOURCES

This chapter provides some informationwhere data that are needed
for emissions calculations can be foundiHa next chaptesome uncertainties regarding
data will be highlighted.

As has been explained in Chapter 3, thEMEP/CORINAIR
methodologyhas been developed tealculate allemissionsneededfor international
reporting.However,published and peeeviewednational methodsnay also be used for
international emission reportin@ften, these nationahethodsmay havebeendeveloped
for other purposesuch ascalculating the contribution daviation to local aiquality or
assessingolicy options tolimit emissions, etcDepending orthe use ofthe emission
inventory, the dataequiredfor the calculations and thealculation method may be very
different.

Some ofthe datadescribed in this chaptare not needetbr emission
calculationsusing ANCAT 1, ANCAT 2 or ANCAT 3 (Table 1 in ChapteB). These
data may be needed for calculations that are more detaileANGAT 3.

4.1 Traffic data
Traffic data can be obtained from:
. Air navigation service providers,
. Airport authorities,
. Airline operators,
. EUROCONTROL,
. The OAG timetable.

These data may includeumber of aircrafimovementsaircraft types,
aircraft/engine combinations, departure amdval airport,flight distance, departure and
arrival times, etc.

4.2 Data on fuel sold
Data on the quantity of fuel sold can be obtained from:
. Oil company that delivers fuel to airports,
. Company handling fuel at airports,
. Airport authorities,

. Airline operators.
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4.3 Data on engine emissions

For calculationswith ANCAT 1, ANCAT 2 and ANCAT 3, default
fuel use and emission factocan befound in Table 8.2 and 8.3 ofthe CORINAIR
Emission Inventory Guidebook and in the standard CORINAIR data tables.

If more detailed information on aircraft/engine combinatord LTO
times-in-mode is available, fuel use and emission factors for turbojet and turbofan engines
can be found in the ICAO Aircraft Exhaust Emissions Databank
(“ http://www.qginetiq.com/aviation_emissions_databank/index)asp”

Data onemissions from turboprop enginase currently not regulated
by ICAO. Consequently, thlECAO Databankdoes not contaimformation on emissions
of these engines. ThHEORINAIR Guidebookcontains information on emissions from
turboprops.Also, data onturbopropsare included in theCORINAIR standard tables.
These datdnavebeen gathered within thEuropean project ARTEMISvhich stated in
1999 (see also Chapter 5).
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CHAPTER 5
UNCERTAINTIES

The uncertainties with every calculation are related tontathodthat
hasbeenused or tadata with which thecalculationshave been made. Uncertainties are
mostly a consequence of assumptions, incomplata or partly incorrect data. linis
chapter some of the uncertainties are listdds chapter iSNOT intended to beomplete
or to quantify the uncertainties. It should be regarded as a warnipgdple dealingvith
inventories.

5.1 Flight profile and flight characteristics

It is assumed that all aircraft fly ttetandard LTOcycle (thrust settings
and times in mode) defined by ICAO. In practice thrust settings and times in mode may be
somewhat different than the standard LTO, depending on the tygemaiit, pajoad and
on the airport characteristics. Using the standard LTO defined by IgiveS an estimate
of the LTO emissions of araircraft, butthis estimate maydiffer from the emissions
calculated with actual thrust settings and times in mode.

The actuatistance flowmmay differ from Great Circle distances that are
given in theOAG timetable. Also thealtitude flownmay differ from the altitudewith
which the standard tables for representative aircraft are calculated.

5.2 Aircraft types, engines and emission factors

Different codesnay beusedwhen describing an aircraft tygéCAO
code /IATA code).For example, a B73200 may be described as B732 0827 Using
ANCAT 1, 2 or 3 the actual fleet should be converted into the representative aypestt
The adequacy of such a conversion will depend on the quality of information deethe
and the experience of the user.

The data in theCORINAIR standarddata tables are calculated for
representative aircraft types, which are fitigth one or two engine types thate most
frequentlyused in Westermviation. In practice, aignificant number of aircraft may
however be fitted withother engines. The aircraft-engine combinatitor the
representative aircraft determines #mission factors used faalculating the standard
data tables. Thesamission factorgre uncertain, witlemission factors for cruise being
more uncertain than those for the LTO-cycle.

As has been explained in Chapter 4, turboprop engireesurrently not
the subject obmissiongregulation resulting in &ck of datalt should be noted that
the data on turbo propeller aircraft in the CORINAIR standard data tables are
not verified with certification quality. Therefore, the data omrbo propelleraircraft
are more uncertain than those on jet aircraft.

5.3 Traffic data

Data on traffic can be obtaindém different sources: frorthe OAG
World Airlines Guide,from EUROCONTROL, fromAir navigation service provits or
from airports. It should bkept in mind that no&ll data are completend thateach data
source has its advantages and disadvantages.

For example, data otraffic can be obtainedrom the OAG World
Airlines Guide, but these amnly scheduled flights thatre due tdake place. Therefore
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flights that have been cancelled are still included but chadged non-scheduled freight
flights are excluded.

Data from EUROCONTROL represeaitcraft thathaveactually flown
(scheduled, non-scheduled freight aimdrter), buthese arenly flights with Instrument
Flight Rules(IFR flights), so flightswith Visual Flight Rules (VFR flights)are being
missed. Withrespect to airportlata,there may be variationisom airport to airport in
registration numbers and codes used to identify aircraft.

5.4 Fuel statistics

Differences inthe amount of fuel thabasbeen calculatedersus the
amount of fuel sold and differences in the amount of $o& versughe amount of fuel
delivered to an airport angery likely. Since kerosene occasionathay beused forother
purposes such as heating, theray be a difference between the quantity of fadtl for
aircraft and the quantity of fuel that has been delivered to the ayigwt.asdescribed in
Chapter 3, thealculated amount of fueisedmay differ from the amountsold because
route deviations oholding before landing@re not accountefr in the calculations. The
calculationsshould beadjusted to reconcile thealculated amount of fuelith the fuel
sold.

5.5 Meteorological factors

None of the three methods (ANCAT1, ANCAT2 and ANCAT3) include
the effect of meteorologicagffects upon emissions performance. It asknowledged
that greater precision can behieved in the&onstruction of inventories by accounting for
such parameters and thesemay be reflected in matetailed national
methodologies. However, in this Guidance Material theeduniform approach relates to
the core parameters neededathieve asoundinventory, leavingStates to apply higher
levels of accuracy where this is required.
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APPENDIX

References to relevant web pages needed for emission calculations as described in
the Guidance Material

Reference Page of Guidance
Material
1. CORINAIR Emission Inventory Guidebook 10 and 12

http://reports.eea.eu.int/technical_report_2001 .3/en

2. IPCC Guidelines for Greenhouse Gas Inventories, Vol 1,2,3; 1997 10
http://lwww.ipcc-nggip.iges.or.jp/public/gl/invs1.htm

3. IPCC Good Practice Guidance Report 10
http://www.ipcc-nggip.iges.or.jp/public/gp/gpgaum.htm

4. UNFCCC Common Reporting Format 10
http://www.unfccc.int/resource/ghg/tempemis2.html

5. CORINAIR reference tables or standard data tables 14,18 and 23
http://reports.eea.eu.int/technical_report_2001_3/en/page017.html

6. IATA, Air Distances Manual 23
http://www.iataonline.com/shop/find.asp

7. Reed Elsevier, OAG Flight Guide 23
http://www.oag.com/

8. ICAO Aircraft Exhaust Emissions Databank 27
http://lwww.qinetig.com/aviation_emissions_databank/index.asp

— END —



