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Preface: Background and objectives

During recent years more and more attention has been paid to various
environmental impacts from aircraft emissions, especially when released into
the atmosphere at upper-tropospheric and lower-stratospheric flying altitudes.
The environmental effects are both related to global warming from
greenhouse gases and perturbations in atmospheric ozone concentrations,
which in turn affects the solar ultraviolet radiation balance. The effects
become more important considering the present development in the air traffic
sector and future expectations for air travel demands. The air traffic
passenger kms travelled globally are projected to grow about 5% per year for
the next 20 years to come. Even though future aircraft will become
increasingly more fuel efficient, this cannot prevent a global fuel penalty of
about 3% within the same time period (IPCC, 1999).

The environmental problems associated with air traffic can only be effectively
addressed via international co-operation at many levels. One of the means is
the establishment of emission conventions. Parties are obliged to bring down
the emission budget according to agreed emission targets, and the submission
of sectorial emission information in turn reveals the aircraft sector share of the
total emissions. CORINAIR (COoRdination of Information on AIR
emissions) is the European air emission inventory programme coordinated by
the European Environment Agency for annual sector-wise national emission
estimates. CORINAIR consists of inventory guidelines for each sub-sector
and an emission database with an output format suited for reporting to both
the United Nations Framework Convention on Climate Change (UNFCCC)
and the United Nations Economic Commission for Europe (UNECE)
conventions. For air traffic the UNECE transport expert panel assists the
development of the inventory guidelines.

Until recently the CORINAIR methodology for aircraft emissions
encompassed only guidelines for fairly detailed Landing and Take Off (L'TO)
and more rough cruise emission estimates (CORINAIR, 1996). Strong efforts
have since been made by the UNECE transport expert panel to improve the
CORINAIR methodology in terms of more updated and detailed information
on fuel use and emissions (CORINAIR, 1999). Some of the expert panel
members have also joined the ANCAT/EMCAL (Abatement of the
Nuisances Caused by Air Transport/sub-group on EMission CALculation)
working group formed under ECAC (European Civil Aviation Conference).
The gathering of experts from many European institutes involved with
simulation models and inventory work has made it possible to feed new
information on fuel use and emissions into the CORINAIR methodology in
areas where previously few or no data were available. Another spin-off
expected from this work is that a recommendation will be dealt with by
ANCAT probably later this year encouraging ECAC member states to use the
new CORINAIR methodology calculating national aircraft emission
estimates.

The largest improvement of the CORINAIR methodology is the inclusion of
fuel use and emission data per distance flown. On the other hand this detailed
data makes the actual calculation procedure more difficult and time
consuming to perform. Information on air traffic statistics is needed on a pr
flight level and much effort is needed to group all aircraft into representative

types.



The objectives of this project are 1) to make an operational procedure for
calculating aircraft emissions according to the new CORINAIR guidelines, 2)
on the basis of this to recommend changes in national emission estimations
and 3) to develop a tool for assessing fuel use and emissions for individual
flights. The objectives will be met by establishing an emission inventory for
IFR (Instrumental Flight Rules) jet and turbo-prop flights from Danish
airports in 1998. Due to a lack of data emission estimations will not be made
for helicopter operations, military flights and piston-engined aircraft
movements.

Key tasks are to gather flight data and information on aviation codes for
airports and countries. From this a proper categorisation can be made of all
flights from Denmark in 1998 by origin and destination airports and their
representative aircraft types. Another important part is to obtain consistent
information on fuel use and emissions for representative aircraft types.
Sufficient grouping of flights and the availability of corresponding fuel use
and emission data facilitates the calculation procedure. Final results will be
fuel use and emission estimates for domestic and international I’ TO and
cruise.

Chapter 1 gives an overview of the environmental effects from aviation. In
chapter 2 international conventions are described related to emissions from air
traffic. The current CORINAIR model version for aircraft inventories is
documented in chapter 3. The new version of the model is explained in
chapter 4 in terms of input, the calculation procedure and the computed
results. A comparison with current CORINAIR results, findings from
international inventories and special simulations for Danish domestic flights
will be made in chapter 5. The final chapter outlines the conclusions of the
present project.

The project was funded by the Danish Environmental Protection Agency
(DEPA). The steering group consisted of Hugo Lyse Nielsen and Miloslav
Zakora, both DEPA, Nic Michelsen, Danish Civil Aviation Administration
(CAA-DK) and Morten Winther, National Environmental Research Institute
(NERI).

In this project acknowledgements should be made to Bruno Nicolas,
Eurocontrol, and Johnny Funder, CAA-DK, for supplying information on
flight data and ICAOQO aviation codes translations, respectively. Also many
thanks to Monika Kudrna and Manfred Kalivoda, Psia-consult, to Robert
Falk, DTT and to Anders Hasselrot and Jan Westerberg, FFA, for providing
fuel use and emission data for the calculation part. Kristin Rypdal, Statistics
Norway, and Reidar Grundstrom, Swedish Civil Aviation Agency, should also
be thanked for their co-operation to implement Swedish emission data into
the CORINAIR databank. Thanks are also given to Peter Schen and Lars
Henrik Olesen from Copenhagen Airport for providing information on
aircraft type classifications. Thanks to Rikke Naraa, Danish Railways, for
providing data on energy consumption on trains and to Anne Mette
Jorgensen, DMI, for reviewing the text on environmental effects.



Sammenfatning

Flytrafikken har ligesom andre transportformer forskellige miljeeffekter sdsom
stej, lugtgener og luftforurening. Desuden beslagleegger flyvepladserne egne
arealer og begrenser samtidigt arealanvendelsen omkring flyvepladserne. For
luftforureningens vedkommende er to miljgeffekter specielt vigtige: Den
globale opvarming og nedbrydelsen af ozonlaget. Trafikken med fly er steget
betydeligt i de senere ar og forventes at stige med 5% arligt i de neaeste 20 ar.
Den sterste del af flyvningen foregar i flyenes cruisehejde, hvor emissionerne
er mere miljgskadelige end ved landjorden.

For at nedbringe luftudslippet iht. nationale mals@tninger og internationale
aftaler og for at lette miljgovervagningen har Denmark forpligtiget sig til at
lave arlige opgerelser over emissionerne fra alle kilder inklusiv flytrafikken.
Danmark deltager i CORINAIR (COoRdination of Information on AIR
emissions), der er det feelles-europeiske system for emissionsopgerelser.
Systemet beskriver metoder til at opgore emissionen fra alle kilder og sektorer
og indeholder ogsa edb-programmer til at samle data og til efterfolgende
gruppering af emissionsresultaterne.

Formalet med denne undersogelse er 1) at opgere emissionerne fra fly efter de
nye CORINAIR retningslinjer, 2) at foresla @ndringer i de nationale
opgorelser pa basis af den nye opgerelse og 3) at udvikle et veerktoj til
vurdering af emissioner og brendstofforbrug for enkeltture med fly. Den nye
opgoerelse omfatter alle IFR (Instrumental Flight Rules) flyvninger fra danske
lufthavne 1 1998. Det vil i praksis sige al flyvning med store fly, der
radardirigeres fra flykontrol pa jorden. Flyvning med helikopter, militerfly og
sma fly med stempelmotorer er ikke med i undersogelsen. De nye
CORINAIR data for I.'TO og cruise kan ogsa bruges til at beregne
brendstofforbrug og emissioner i en tidsserie, da udskiftningen 1
flytype/motor kombinationer kun sker langsomt indenfor luftfart.

Forst i rapporten sammenfattes bidraget fra flyvning til den globale
opvarmning og nedbrydelsen af ozonlaget, som det gennemgas i rapporten
“Aviation and the Global Atmosphere” fra FNs klimapanel (IPCC, 1999).
Dernast gives en kort beskrivelse af CORINAIR og internationale
konventioner relateret til luftforurening. Den hidtil brugte CORINAIR
metode forklares ogsa. Herefter gennemgds input, beregningsprincip og
resultater for den nye CORINAIR metode. Til slut sammenlignes de nye
CORINAIR resultater med resultater fra den indtil nu brugte metode. De nye
resultater sammenlignes ogsa med internationale opgerelser af flyemissioner,
den danske TEMA2000 model og transportsektorens gvrige emissioner.

INTERNATIONALE KONVENTIONER OG CORINAIR

I CORINAIR bliver emissionerne fra flytrafik beregnet i fire kategorier:
Indenrigs L' TO (Landing and Take Off) og cruise og udenrigs L' TO
(Landing and Take Off) og cruise. En LT O-cyklus forstds som indflyvning
fra 3000 fod og til landing, taxi pa lufthavnens omrade samt start og stigning
op til 3000 fod. Cruisefasen omfatter al flyvning over 3000 fod. Resultaterne
indberettes til FNs klimakonvention (UNFCCC: United Nations Framework
Convention on Climate Changes) og Geneve konventionen (UNECE
CLTRAP: United Nations Economic Commission for Europe Convention on
Long Range Transboundary Air Pollutants).



I CORINAIR findes tre udgaver af beregningsmetoden med stigende
detaljeringsgrad. Det er den mest detaljerede udgave, der bruges til at opgoere
de danske emissioner. Den hidtidige metode — der stadig bruges i Danmark -
er netop blevet opdateret. Det er den seneste modelversion, som den
nervaerende undersggelse bygger pa.

CORINAIR METODERNE TIL BEREGNING AF FLYEMISSIONER

I den hidtil anvendte CORINAIR version skal oplysninger om antallet af
indenrigs og udenrigs L' TO’er per flytype fremskaffes sammen med tider for
de enkelte faser af L'TO-cyklussen. De mest detaljerede data er tilgeengelige
for Kebenhavns Lufthavn, mens lufthavnene i provinsen kun oplyser om det
samlede L' T'O antal fordelt pa store og sma fly i indenrigs- og
udenrigstrafikken. Ud fra L' TO-tiderne beregnes faktorer for
braendstofforbrug og emissioner. Samlede L'T'O-resultater opnas ved at
kombinere faktorerne med LT O-antallet for hver flytype.

Cruise brendstofforbruget findes separat for indenrigs- og udenrigstrafikken
som forskellen mellem det statistiske breendstofsalg og det beregnede L'TO
braendstofforbrug. Til slut beregnes cruiseemissionerne ved at gange
braendstofforbruget med braendstofrelaterede emissionsfaktorer. Da der kun er
fa emissionsdata i den hidtil brugte CORINAIR model, bliver cruisefasens
brandstofforbrug og emissioner ikke opgjort per flytype.

Den nye CORINAIR beregning gor brug af 24 reprasentative flytyper. For
store jetfly er hver enkelt flytype sammensat efter de motortyper, der pa
verdensplan er installeret i den pagaldende flytype. Faktorerne for
braendstofforbrug og emissioner stammer fra den europaiske ANCAT/EC2-
opgorelse og MEET -projektet, mens det svenske FFA-institut har givet
oplysninger om faktorerne for turbo-propfly og sma jetfly.

For L'TO er den internationale civile flyorganisations (ICAQO: International
Civil Aviation Organization) standardtider i de fleste tilfaelde brugt til at
beregne faktorer for breendstofforbrug og emissioner. Faktorerne er dog i
denne undersogelse specielt tilpasset de reelt kortere taxitider i danske
lufthavne. For cruise er breendstofforbrug og emissioner simuleret ud fra
typiske flyveprofiler.

FLYTYPER OG TRAFIKDATA

ICAOQ Klassificerer hver enkelt flytype efter en specifik flytypekode, flytypen,
motorantallet og —princippet. Lufthavne bliver ogsd udstyret med 4-
bogstavkoder, der angiver deres fysiske placering mht. ruteomrade og land.
Koderne for flytyper og en oversattelse af lufthavns- og landekoder er til brug
for denne undersogelse tilsendt af Statens Luftfartsveesen (SLV).

Undersogelsens data for flytrafik er indhentet fra EUROCONTROL (den
europeiske organisation for flysikkerhed). For hver flyvning er der
information om overordnet flytype, koder for afgangs- og ankomst lufthavn
og storcirkelafstanden mellem disse. Storcirkelafstanden, der er leengden af en
naturlig bue mellem to lufthavne, er ofte kortere end leengden af faktiske
flyture. Pga. datamangel for brendstofforbrug og emissioner er
militeerflyvninger, helikopteroperationer og ture med sma stempelmotorfly
udelukket fra undersegelsen. Flyvninger med samme start- og
landingslufthavn er heller ikke medtaget. Ofte er disse flyvninger af militer
karakter.



GRUPPERING EFTER REPRASENTATIVE FLYTYPER

Alle ture med civile jetfly og turbo-propelfly blev i 1998 gjort af 145
forskellige overordnede flytyper. Disse flytyper er i undersegelsen grupperet
efter 24 forskellige repraesentative flytyper. Forst er opdelingen gjort mellem
jetfly og turbo-propfly. Derneest har flyets hejst tilladte startvegt (MTOW:
Maksimum Take Off Weight, fra opslagsvarker) bestemt valget af
representativ flytype. CORINAIRs database (se www.eea.int/aegb/)
indeholder data for breendstofforbrug og emissioner for de reprasentative
flytyper. For L'TO er der data for hver L' TO fase og samlet for hele L'TO
operationen. Data for cruiseflyvning er opgivet ved adskilte flyveleengder 1
somil (1 sgmil = 1,852 km).

BEREGNING AF BRENDSTOFFORBRUG OG EMISSIONER

For hver flyvning er breendstofforbruget og emissionerne opgjort adskilt for
L'TO og cruise. Resultaterne for LTO er beregnet som summen af bidragene
fra L' TO-faserne; landing, taxifart pa lufthavnsomradet, start og stigning. For
cruise er beregningerne gjort ved at skalere CORINAIR databasens tal for
braendstofforbrug og emissioner, sa de passer med flyvningens faktiske
lengde. Resultaterne opsummeres og grupperes til totale tal i CORINAIRs
fire kategorier udfra hver flyvnings lufthavns- og landekoder.

UNDERSOGELSENS RESULTATER

Udenrigstrafikken udgjorde 1 1998 omtrent to tredjedele af alle starter fra
danske lufthavne. Andelen af breendstofforbrug og emissioner var endnu
hejere, 1 alt mellem 80 og 90%. Dette skyldes, at udenrigsflyene er relativt
storre end indenrigsflyene og at udenrigsturene er leengere end
indenrigsturene. For L'TO er udenrigsandelen tet ved 80% - pga. storre fly og
flere flyafgange — og for cruise omtrent 90% pga. sterre fly, flere flyafgange og
leengere ture. Hen ved en tredjedel af alle flyvninger fra danske lufthavne er
indenrigsture. I modseaetning til udenrigsturene har de en mere moderat andel
af breendstofforbruget og emissionerne set i forhold til antallet af starter.
Arsagen er, at indenrigsflyene er relativt smé og at turene er korte.

Selvom brendstofforbruget og luftudslippet fra den nordatlantiske flyvning
mellem Danmark og hhv. Grenland og Fergerne kun udger mellem 1 og 2%
af de samlede tal, er andelene - ligesom for udenrigstrafikken - storre end
turenes andel.

Fuel NOx VOC CO CO2 SOz LTO%r
[tons] [tons] [tons] [tons] [ktons] [tons] [antal]

Total Danmark, indenrigs 50.623 710 41 259 159 10 63.295
Danmark-Grgnland/Feergerne 9.359 110 4 17 29 2 1.261
Danmark, udenrigs 538.913 6.941 350 1.321 1.688 108 126.313
Sum 508.895 7.761 395 1597 1.876 120 190.869

LTO Danmark, indenrigs 20.343 280 24 127 64 4 63.295
Danmark-Grgnland/Faergerne 821 12 1 6 3 0 1.261
Danmark, udenrigs 69.807 973 121 517 219 14 126.313
Sum 90.971 1.265 145 650 285 18 190.869

Cruise Danmark, indenrigs 30.280 430 17 131 95 6 63.295
Danmark-Grgnland/Feergerne 8.539 98 4 12 27 2 1.261
Danmark, udenrigs 469.106 5.968 229 804 1.469 94 126.313
Sum 507.924 6.496 250 947 1.591 102 190.869




Trafikken fra Danmark til hhv. Grenland og Feregerne er i nedenstdende figur
talt ind under udenrigstrafikken. Her udger cruiseudslippet af NO_og CO, ca.
80% af det samlede tal. Det meste af dette udslip kommer fra jetfly og
yderligere sker udslippet direkte til atmosferen i flyvehgjder mellem 9 og 11
km, hvor NO -udslippet er mest skadeligt. Flyvning med turbo-propfly og
korte indenrigsture har mindre betydning for drivhuseffekten. Grunden er den
lille andel af det totale breendstofforbrug og de typiske flyveprofiler. De
sidstneevnte flyvninger foregar maksimalt mellem 5 og 7 km’s hgjde og
generelt er cruisehgjden mellem 6 og 8 km for turbo-propfly.
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Den nye metode beregner kun 80% af braendstoffet solgt i Danmark til civil
flyvning. Selvom flyvning med helikopter er udeladt af undersogelsen, skal
grunden til det mindre beregnede breendstofforbrug findes andre steder. Der
kan vere mange arsager til forskellene mellem beregnet og statistisk opgjort
brandstofforbrug. Braendstoffet kan vaere brugt til andre formaél end flyvning,
eller der kan veaere tanket ekstra f.eks. i forbindelse med efterfolgende korte
mellemlandinger. Breendstoffet kan ogsa vere brugt til militerflyvning. Andre
usikkerhedsfaktorer kan veere lufthavnsforsinkelser bade i luften og pa
landjorden, udeladelsen af ture med samme start- og landingslufthavn,
modelusikkerheder specielt for cruise, upreacise tidsintervaller for de enkelte
LT O-faser eller en usikker gruppering af flytyper efter repraesentative

flytyper.

For indenrigstrafikken alene udger braendstofsalget — som det foreligger ved
denne undersegelses slutning - kun halvdelen af undersogelsens beregnede
braendstofforbrug. Dette skyldes en upreacis fordeling af indenrigs-/udenrigs
salgsstatistikken, hvor udenrigssalgets mengde er tilsvarende for stor.
Salgsopdelingen er efter naerverende undersggelses afslutning blevet revideret
1 et samarbejde mellem Energistyrelsen og Trafikministeriet og det opgjorte
indenrigssalg er nu nasten lig undersogelsens beregnede meaengde.

For alle flyvninger beregnes de gennemsnitlige faktorer for luftudslip
(Emission Indices: EI) til: EINO_: 13,0, EIVOC: 0,7 og EICO: 2,7 g per kg
forbrugt braendstof.

DEN OFFICIELLE OPGQRELSE
Den officielle danske opgerelse af flytrafikkens emissioner 1 1998 er beregnet

med den hidtidige version af CORINAIR metoden. Resultaterne er indleveret
til UNECE og UNFCCC konventionerne.
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Den officielle danske opggrelse af flyemissioner og braendstofforbrug beregnet med den
hidtidige CORINAIR metode

Lufthavn Kategori Fuel NOx vVOC CO CO, SO,

[tons] [tons] [tons] [tons] [ktons] [ktons]

Indenrigs Kgbenhavn LTO 7.665 74 7 80 24 2
Cruise 21.294 202 6 34 67 4

Provinsen LTO 8.892 176 168 952 28 2

Cruise 21.467 204 6 34 67 4

Total 59.318 657 187 1.101 186 12

Udenrigs Kgbenhavn LTO 58.683 756 93 469 184 12
Cruise 559.414 7.720 839 392 1.752 112

Provinsen LTO 4.879 61 18 120 15 1

Cruise 100.232 952 30 160 314 20

Total 723.207 9.489 980 1.141 2.265 145

Stor total 782.526 10.146 1.167 2.242 2.451 157
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DEN HIDTIDIGE METODES OG UNDERS@GELSENS RESULTATER

For brendstofforbrug og luftudslip er forskellene mellem den hidtidige
metodes og undersggelsens resultater mindst for udenrigs L'TO i Kebenhavns
Lufthavn. Det er ogsd den del af den hidtidige metode, hvor
detaljeringsgraden er storst mht. forskellige flytyper og tidsintervaller i de
enkelte L TO-faser. For L'TO er den mest upreacise del af den hidtil anvendte
model alle indenrigsstarter og udenrigsstarterne fra lufthavnene i provinsen.
Her bygger beregningerne kun pa tal for breendstofforbrug og emissioner fra
et fly af typen Fokker 50.

Det viser sig ogsé, at denne flytype er en smule for lille til at veere fuldt
reprasentativ. En del flyvning bliver gjort med de storre jetfly MD80 og
B737, hvilket pavirker det samlede breendstofforbrug. Den hidtidige models
braendstofforbrug bliver iseer undervurderet for udenrigs L' TO’erne 1
provinslufthavnene. Her beregner den nye undersogelse en nasten 50% storre
brendstofmangde end den hidtidige model.

SAMMENLIGNING MED INTERNATIONALE OPGORELSER

Pa verdensplan er der lavet tre store opgerelser for flyemissioner med
udgangspunkt i aret 1992. Alle opgerelserne bruger statistik for flyoperationer
samt kombinationer af flytyper og —motorer. Breendstofforbrug og emissioner
beregnes for enkeltflyvninger ud fra storcirkelafstanden mellem start- og
landingslufthavnene.

Emissionsindekser for denne undersggelse og andre
flyemissionsopgarelser

NASA  ANCAT/EC2 DLR Present study
El NOy 13,0 14,0 14,2 13,0
EI CO 51 3,72 2,7
El VOC 2,0 1,33 0,7

Undersogelsens samlede indeks for NO -emissionen (EINO,) er en smule
lavere end ANCAT/EC2-projektets indeks. Dette skyldes iser, at turbo-
propfly er medtaget i nervaerende undersggelse og at der er en forskel i
brugen af reprasentative flytyper. CORINAIR’s NO -data for jetfly kommer
naesten udelukkende fra ANCAT/EC2-opgerelsen, mens det svenske FFA-
institut har leveret tal for turbo-propfly.

Flyene i den danske opgorelse er relativt smé og de flgjne ture er hovedsageligt
korte ture og mellemdistanceflyvninger. NASA-projektets resultater for
flyvning med rute- og charterfly understotter denne forklaring. Udover jetfly
omfatter NASA-undersggelsen ogsa turbo-propfly og sma fly med
stempelmotorer og beregner omtrent det samme emissionsindeks for NO_
som denne undersogelse.

Forskellene 1 emissionsindeksene for VOC og CO i de forskellige
undersogelser skyldes for det meste forskelle i de brugte simuleringsmetoder
ved NASA, DLR, FFA og Psia-consult. De to sidstnavnte institutter har
forsynet CORINAIR databasen med tal for CO og VOC emissioner.

SAMMENLIGNING MED ANDRE RESULTATER FOR INDENRIGSFLYVNINGEN

Brendstofforbrug og luftudslip for de danske indenrigsrutefly bliver beregnet i
Trafikministeriets TEMA2000-model. Beregningerne bygger pa resultater fra
computermodellen ATEMIS. Den sidste model bruger realistiske flymotorer
og flyveprofiler for flytyperne, der betjener de enkelte indenrigsruter. Det
anbefales at bruge TEMA2000-modellen, hvis breendstofforbrug og luftudslip
skal beregnes for danske indenrigsture og flytyper, der kan veelges i
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TEMAZ2000. Skal samlede opgerelser for indenrigstrafikken laves, bor
CORINAIR data bruges i stedet. Primeert pga. datakonsistens og fordi
CORINAIR indeholder data for smé jetfly og turbo-propfly, der ikke findes i
TEMAZ2000.

KONKLUSION

Undersggelsen har vist, at den nye CORINAIR metode kan bruges til at
opgore flytrafikkens breendstofforbrug og emissioner for enkeltflyvninger.
Ensartede data kan fremskaffes for hver enkelt flyvning fra
EUROCONTROL og SLV kan oplyse om de generelle ICAO benavnelser
for flytyper, lufthavne og lande. Yderligere flyoplysninger til brug for
flytypegruppering findes i opslagsvaerker. Tal for brendstofforbrug og
emissioner for reprasentative flytyper findes i CORINAIR databasen. Alle
data kan szttes sammen ved udformningen af den endelige opgorelse.

Det er tidskreevende at opbygge et opgerelsessystem for flyemissioner efter de
nye CORINAIR retningslinjer. Selvom det vil blive mindre tidskraevende at
opdatere opgorelsen for efterfelgende ar, vil den forbrugte tid alligevel
overskride tiden, der typisk er til radighed. Dette skal ikke mindst ses i lyset af
behovet for opgerelser indenfor andre sektorer. P4 basis af undersegelsens
resultater anbefales det at bevare den hidtidige metode til beregningen af de
arlige opgerelser. I stedet for at skifte til den nye CORINAIR modelversion,
anbefales det at opdatere den hidtidige versions baggrundsdata for
brandstofforbrug og emissioner.

En stor forbedring af den hidtidige metode for L'TO — dog undtaget de
internationale L'T'O’er i Keobenhavns Lufthavn — kan opnds ved at bruge nye
L'TO faktorer for brendstofforbrug og emissioner. Disse kan beregnes som
samlede tal ud fra undersggelsens resultater. For cruise bliver opgerelserne
bedre, hvis breendstofforbruget for flystarter fra Kebenhavns Lufthavn og
provinslufthavnene fordeles med samme procentandele som de beregnede
brendstofforbrug for I'TO. Fordelingen skal gores adskilt for indenrigs- og
udenrigstrafikken. Emissionsfaktorerne skal samtidigt opdateres. Som for
LTO kan cruisefaktorerne fas som samlede tal ud fra undersogelsens
resultater. De nye CORINAIR data for LT O og cruise kan ogsa bruges til at
beregne braendstofforbrug og emissioner i en tidsserie, da udskiftningen 1
flytype/motor kombinationer kun sker langsomt indenfor luftfart.

Undersggelsen peger ogsa pa behovet for en nermere gennemgang af, hvor
det solgte flybraendstof til danske lufthavne mere preecist bliver brugt. Som en
del af analysen skal de mest detaljerede data for braeendstofleverancer
undersoges. Ogsa lufthavnenes braeendstoflagre ber kontaktes og deres
oplysninger holdes op imod andre tilgeengelige oplysninger. Selvom
energistatistikken for braendstof solgt til indenrigs- og udenrigsfly er blevet
markant forbedret efter afslutningen af nerverende projekt, kan projektets
resultater bruges til at krydschecke de statistiske tal med modellens beregnede
tal.

Det ber ogsa underseges naermere, hvor praecise CORINAIR databasens tal
for breendstofforbrug er sammenlignet med det virkelige forbrug for L'TO og
cruisefart. Sammenligningen kan geres ved at indhente oplysninger om
braendstofforbrug fra luftfartselskaberne for de flytyper, der oftest bruges i
danske lufthavne.
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Summary

Like other transport modes aviation has many environmental effects such as
noise, odour, land use and air pollution. The airports have land use
requirements and furthermore restrict the land use of the surrounding areas.
As regards air pollution two environmental effects attract special attention:
Global warming and ozone depletion. Travel by air has increased substantially
during the latest years and is expected to rise by 5% per year for the next 20
years. Air pollutants emitted at cruise flying levels are more harmful than
emissions from sources at the Earth’s surface, and in addition most fuel use
and emissions occur in this flying phase.

In order to bring down emissions according to national targets and
international agreements and to monitor the state of the environment,
Denmark is obliged to make annual air emission estimates for all sectors
including aviation. For this purpose Denmark participates in the extensive
European air emission inventory programme CORINAIR (COoRdination of
Information on AIR emissions). The inventory system includes calculation
methodologies for most sub-sectors and software for storage and further data
processing.

The objective of this project is 1) to make operational the procedure for
calculating aircraft emissions according to the new CORINAIR guidelines, 2)
on the basis of this to recommend changes in national emission estimations
and 3) to develop a tool for assessing fuel use and emissions for individual
flights. The project objectives will be met by establishing an emission
inventory for IFR (Instrumental Flight Rules) jet and turbo-prop flights from
Danish airports in 1998. Emission estimations will not be made for helicopter
operations, military flights and piston-engined aircraft movements. The new
CORINAIR LTO and cruise data can also be used to make time series
estimates of fuel use and emissions since new aircraft/engine combinations
only have a slow speed of penetration in the aviation sector.

At first the report summarises the environmental impacts from aviation on
global warming and ozone depletion, on the basis of the special report
“Aviation and the Global Atmosphere” by the Intergovernmental Panel on
Climate Changes (IPCC, 1999). This is followed by a short description of
relevant international air pollution conventions and CORINAIR. Then the
current CORINAIR methodology is explained, followed by a description of
the new model version in terms of input, calculation principle and the
computed results. Database queries are made to compare results with the
current CORINAIR methodology, findings from international aircraft
emission inventories, the Danish TEMA2000 model and sectorial shares for
Danish transportation.

INTERNATIONAL CONVENTIONS AND CORINAIR

Emissions from aircraft are calculated in four sub-categories: Domestic and
international L'TO (Landing and Take Off) and cruise (>3000 ft). A LTO-
cycle covers all flying activities below 3000 ft during descent and landing,
taxiing, take off and climb out. The results are reported to the United Nations
Framework Convention on Climate Changes (UNFCCC) and the United
Nations Economic Commission for Europe Convention on Long-Range
Transboundary Air Pollutants (UNECE CLRTAP), according to their
respective classification procedures.
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CORINAIR (COoRdination of Information on AIR emissions) serves the
specific UNFCCC and UNECE reporting needs and is used by many
countries to make national estimates. For aviation emissions three different
and newly revised methods are offered with increasing levels of complexity.
The new detailed methodology is used in the present study to make national
CORINAIR calculations operational, while on the other hand the previous
version is currently in use for official Danish emission reporting.

CORINAIR AIRCRAFT EMISSION CALCULATION METHODOLOGIES

In the current version initial information must be provided on the number of
domestic and international L' T'Os per aircraft type and their respective L'TO
timings. The most detailed data are available for Copenhagen Airport, while
other Danish airports only submit their statistics for domestic and
international L'T'Os in total numbers for large and small aircraft. From L'TO
times-in-modes the fuel use and emission factors are computed. These factors
are used in combination with the number of L' TOs per aircraft type to
estimate the total LTO energy use and emissions.

Separately for domestic and international flights the cruise energy use is
estimated as the difference between the total fuel use from aviation fuel sale
statistics and the corresponding L' T'O fuel use totals. Finally the domestic and
international cruise emissions are calculated as fuel related cruise emission
factors multiplied with the fuel use. Due to scarce data on cruise fuel use and
emission factors, results are not broken down further on aircraft types.

The new CORINAIR version use fuel use and emission data per distance
flown for 24 different civil jets and turbo-props. For the large jets generic
aircraft — with worldwide weightings of engine population fitted — are used.
Their fuel use and emission figures are mainly harmonised data from the
European ANCAT/EC2 and MEET projects, while the Swedish FFA has
provided additional data for small jets and turbo-props. For L' TO
International Civil Aviation Organization (ICAQO) times-in-modes are used in
most cases to simulate the fuel use and emissions; yet in this study shorter
airport taxi times are used for Danish airports to account for local airport
characteristics. The cruise fuel use and emissions are simulated by using
realistic flight profiles.

AIRCRAFT CATEGORIES AND FLIGHT DATA

ICAOQ classify all single aircraft according to aircraft designator code, aircraft
type, number of engines and engine principle. Airports are also provided with
four-letter codes describing their situation regarding i.e. routing area and
state. In the present project this information was obtained from the Danish
Civil Aviation Administration (CAA-DK).

EUROCONTROL (European Organization for the Safety of Air Navigation)
provided data on IFR flights. Recordings for each flight were the origin and
destination airport codes and type designators. Also the great circle distance
between origin and destination airports was stated. The great circle distance is
the length of a natural arc between airports without mileage compensation for
actual flight profiles or the actual route followed. Some flights were excluded
from the inventory due to lack of fuel use and emission data; namely all piston
engined flights, military aircraft and helicopter operations. Omitted were also
flights with no indication of great circle distance, i.e. with same origin and
destination airport code stated. Many of these flights were actually of a
military character.
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REPRESENTATIVE AIRCRAFT AND GROUPINGS

In 1998 145 different aircraft types carried out all civil jet and turbo-prop
flying. These aircraft types were grouped into 24 representative aircraft types.
A first distinction was made between jets and turbo-props. The second step
was to let the aircraft Maximum Take Off Weight (MTOW, from aircraft
directories) determine the choice of representative aircraft type. The
CORINAIR databank (see www.cea.int/aegb/) contains data for fuel use and
emissions for the representative aircraft. Data is available for each LT O-phase
and as a sum for L'TO. For cruise data is available for separate mission
distances in nautical miles (1 nm = 1.852 km).

FUEL USE AND EMISSIONS CALCULATION

For each flight fuel use and emissions are computed separately for L'TO and
cruise. L'TO results are calculated as the sum of the contributions from five
modes; approach/landing, taxi in, taxi out, take off and climb out. Cruise
results are found by interpolating or extrapolating the fuel use and emissions
for standard flying distances by using the great circle distance for each flight.
The airport codes in each flight record make it possible to sum up the results
as desired according to origin and destination airport and countries.

NEW RESULTS

In 1998 Danish international flights make up almost two thirds of all flights
and even larger shares of fuel use and emissions; in total between 80 and
almost 90%. This is explained by the presence of larger sized aircraft in
service and longer flying distances. For L' TO the international shares are close
to 80% - due to larger aircraft and more flights— and for cruise around 90%
because of larger aircraft and more and longer flights. Almost one third of all
flights are Danish domestic flights. As opposed to international flights they
have more moderate fuel use and emission shares compared with flight
numbers. The reason is the use of smaller aircraft and shorter trips.

Although fuel use and emissions are only between 1 and 2% in total numbers
North Atlantic flights between Denmark and Greenland/Faroe Islands reveal
the same trend by shares as for Danish international flights.

The present study’s aviation fuel use and emissions in 1998

Fuel NOy VOC Cco CO; SO, No. of LTOs
[tonnes] [tonnes] [tonnes] [tonnes] [ktonnes] [tonnes]

Totals Denmark, domestic 50,623 710 41 259 159 10 63,295
Denmark-Greenland/Faroes 9,359 110 4 17 29 2 1,261
Denmark, international 538,913 6,941 350 1,321 1,688 108 126,313
Sum 598,895 7,761 395 1,597 1,876 120 190,869

LTO Denmark, domestic 20,343 280 24 127 64 4 63,295
Denmark-Greenland/Faroes 821 12 1 6 3 0 1,261
Denmark, international 69,807 973 121 517 219 14 126,313
Sum 90,971 1,265 145 650 285 18 190,869

Cruise Denmark, domestic 30,280 430 17 131 95 6 63,295
Denmark-Greenland/Faroes 8,539 98 4 12 27 2 1,261
Denmark, international 469,106 5,968 229 804 1,469 94 126,313
Sum 507,924 6,496 250 947 1,591 102 190,869

The North Atlantic flights are classified as international air traffic. The
international cruise emissions of NO_and CO, amount to around 80% of the
Danish aviation totals. Moreover, most of them are injected directly to the
atmosphere by jet aircraft and at flying altitudes between 9 and 11 km. In
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these altitude bands the NO_emissions have the most harmful effects. Flying
with turbo-props and the short-distanced Danish domestic trips have less
importance to the greenhouse effect. This is due to their limited share of total
fuel burned and their typical flight profiles. The latter trips are flown at
maximum altitudes between 5 and 7 km and for turbo-prop flying in general
the ideal cruise levels are between 6 and 8 km.
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60% - M International cruise

O Domestic cruise

OInternational LTO

40% 7 O Domestic LTO

30% -

20% -

10% -
0%

50% -
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Danish aviation emission shares

The new methodology only calculates 80% of all fuel sold in Danish airports
for civil aviation purposes. Although helicopter operations are excluded from
the inventory, the smaller calculated fuel use amount and the large domestic

fuel use deviation must primarily be explained by other factors.

Many parameters have a potential effect on the precision of the fuel statistics
such as the use of jet petrol for non-aviation purposes, military flying or fuel
tankering. Influencing factors on the city-pair estimations are stacking at
airports, model simulation uncertainties during the cruise flying phase, the
omittance of flights with same origin and destination airports, inaccurate L' TO
times-in-modes or unrepresentative groupings for some of the aircraft into
representative types.

By the end of the present project period the domestic fuel sale figure was only
half of the present inventory’s computed fuel consumption. This difference is
due to inaccurate domestic/international energy statistics where the amount of
fuel sold for international aviation becomes accordingly bigger. After the
finalisation of the present project the fuel sale statistics have been revised
jointly by the DEA and the Ministry of Transport and the domestic fuel sale
figure is now almost equal to the computed fuel consumption in the present
inventory.

The average emission indices (EI) in g of emission per kg fuel burned and
derived from all flights are: EINO_: 13.0, EIVOC: 0.7 and EICO: 2.7.

CURRENT CORINAIR RESULTS

The official Danish aircraft emission estimates for the year 1998 is calculated
with the current version of the detailed CORINAIR methodology. The
emission figures are reported to the UNECE and UNFCCC conventions.

COMPARISONS WITH CURRENT CORINAIR RESULTS

For fuel use and emissions the most equal results are obtained for
international LT Os in Copenhagen airport. This is also the part of the current
model where precise details are given regarding different aircraft types and
LTO modal timings. For L'TO the weakest part of the current methodology
regards all domestic flying and international flying from the provincial
airports. In these inventory categories the current estimates are based on fuel
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use and emission data for the F50, and this data scarcity is reflected in the
result deviations.
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Danish 1998 aviation fuel use and emissions from the current CORINAIR method

Airport Mode Fuel NOy VOC co CO; SO,
[tonnes] [tonnes] [tonnes] [tonnes] [ktonnes] [ktonnes]
Domestic Copenhagen LTO 7,665 74 7 80 24 2
Cruise 21,294 202 6 34 67 4
Other LTO 8,892 176 168 952 28 2
Cruise 21,467 204 6 34 67 4
Total 59,318 657 187 1,101 186 12
International Copenhagen LTO 58,683 756 93 469 184 12
Cruise 559,414 7,720 839 392 1,752 112
Other LTO 4,879 61 18 120 15 1
Cruise 100,232 952 30 160 314 20
Total 723,207 9,489 980 1,141 2,265 145
Grand total 782,526 10,146 1,167 2,242 2,451 157

Moreover F50 is found somewhat small to be fully representative, since much

flying is made with the larger jets MD80 and B737, thus influencing

the total

fuel consumption. In particular the fuel use is underestimated in the current

model for international L TOs in provincial airports. Here the new

methodology with a detailed fleet mix computes almost 50% more fuel.

COMPARISONS WITH INTERNATIONAL AIRCRAFT EMISSION INVENTORIES

On a global level three important aircraft emission inventories have been
made for the year 1992. All inventories make use of air traffic movement data,
aircraft/engine combinations in operation and calculate fuel use and emissions

for city-pairs using corresponding great circle distances.

Emission indices from the present study and other

inventories

NASA ANCAT/EC2 DLR Present study
EINO, 13.0 14.0 14.2 13.0
EI CO 5.1 3.72 2.7
EIVOC 2.0 1.33 0.7

The EINO_ found in the present study are slightly below ANCAT/EC2
figures. This is mostly due to the inclusion of turbo-props and differences in
fleet mix for jet aircraft, since emission data for jets mainly come from the
ANCAT/EC2 inventory. The aircraft in the Danish CORINAIR inventory
tend to be relatively small and flights are mainly short and medium distances.

NASA findings for scheduled and charter flights underpin the above

explanation. Beyond jets NASA includes also turbo-propelled aircraft and
computes almost the same EINO_ as the present study. For VOC and CO the
differences in emission indices lie mainly in the simulation methods developed
by NASA, DLR, FFA and Psia-consult (4th framework research project
MEET). The two latter institutes have provided CORINAIR with emission

data for CO and VOC.

COMPARISONS WITH OTHER RESULTS FOR DOMESTIC FLIGHTS

In the Danish model TEMA2000 fuel use and emissions for Danish city-pairs
and different aircraft types are simulated with the emission model ATEMIS
based on real world flight profiles for specific aircraft and installed engines. It
is recommended to use the TEMA2000 numbers if fuel use and emissions are
evaluated for those domestic trips flown with the aircraft comprised in
TEMAZ2000. For domestic emission inventories the CORINAIR data should
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be used primarily because of data consistency and because CORINAIR
contains data for small jets and turbo-props not present in TEMA2000

CONCLUSIONS

This study has shown the feasibility of the new CORINAIR methodology for
making city-pair aircraft emission inventories. Consistent data for individual
flights and general classifications of aircraft types and airports exist together
with fuel use and emission data for representative aircraft types. In this way
EUROCONTROL provides information for individual IFR flights which
correspond to essential data from CAA-DK on ICAOQO aircraft designators and
airport codes. Fuel use and emission figures for representative aircraft are
available from the CORINAIR databank. All data can be combined to build
up the inventory system. In order to make the final grouping of aircraft into
representative aircraft additional aircraft descriptions can be obtained from
aircraft directories.

Much time is needed to build an aircraft emission inventory following the new
detailed CORINAIR guidelines. Even though it would be less time consuming
to make an inventory update each year, the working time required will exceed
the time typically available for inventories - not least considering the
requirements for emission estimates in other CORINAIR sectors. Therefore it
is recommended to maintain the current methodology for national emission
reporting. Instead of a shift to the new model version, one should make an
update of the current model’s background data for fuel use and emissions.

Real improvement of the current version for LT Os - except for international
L'TOs in Copenhagen Airport — could be achieved by applying new L'TO fuel
use and emission factors derived from the new methodology as aggregated
figures. For cruise it is recommended to break down the fuel use used by
flights from Copenhagen Airport and other Danish airports according to their
L'TO fuel use estimates. This should be done separately for domestic and
international traffic. Also the cruise emission indices should be updated. Both
for domestic and international flights these can be derived from the new
methodology results. The new CORINAIR LL'TO and cruise data can also be
used to make time series estimates of fuel use and emissions since new
aircraft/engine combinations only have a slow speed of penetration in the
aviation sector.

This study’s findings clarify the need to further scrutinise for which purposes
the aviation fuel is used in Danish Airports. A way to do this is to examine the
most detailed data on aviation fuel delivered to the airports. Also the airport
authorities on aviation fuel suppliance should be asked and their information
should be verified by analysing other data available. Even though the fuel sale
statistics have been improved after the finalisation of the present project the
present study’s result could be valuable in a crosscheck examination of
statistical data versus model estimates.

A double check on the fuel use from the CORINAIR databank with
experiences from real world operation of aircraft during L' TO and cruise
flying conditions would also add to more precise fuel balances in future
aircraft emission inventories. T'o make these comparisons information must
be obtained from the airline companies on fuel use figures for the aircraft
most frequently operating from Danish airports.
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1 Environmental effects

Air pollutant emissions have local, regional and global environmental effects.
Local effects are mainly associated with the deterioration of air quality in
residential or working areas, while effects on a regional scale are e.g.
acidification and eutrophication. On a global level the greenhouse effect and
ozone depletion are recognised as the most important environmental
problems. The two latter themes are also receiving most attention, when the
impact from aviation on the atmospheric environment is investigated.

The greenhouse gases - from both anthropogenic and natural sources - are
able to absorb infrared radiation. In this way the emissions change the natural
balance of incoming energy from the sun and energy escaping back to space.
The amount of greenhouse gas emissions emitted until now and the present
emission rate will probably lead to a global warming of the Earth’s surface.
The environmental end effects could be raised sea level, flooding of low-lying
areas, new climatic stresses to forest, deserts, rangelands and other
unmanaged eco-systems. The eco-systems could decline or fragmentize and
some specific flora or fauna could be subject to extinction.

Ozone can be measured throughout most of the atmosphere, but are found in
high concentrations in the stratosphere especially in a layer situated about 20
km above the Earth’s surface. Stratospheric ozone is very important to life on
Earth by blocking most of the harmful ultraviolet light (UV-B) radiated by the
sun. Depletion or even removal of the protective stratospheric ozone layer
would have severe consequences. Unnaturally high levels of UV-B can cause
skin cancer on humans and may reduce crop yields.

When global warming and the depletion of the ozone layer are considered,
aircraft emissions in the upper troposphere and lower stratosphere (8-13 km)
are met with special concern. At these cruise altitudes the emissions alter the
atmospheric concentration levels of the greenhouse gases CO,, ozone (O,),
methane (CH,) and water vapour (H,O); they trigger formation of
condensation trails (contrails) and may increase cirrus cloudiness. All these
disturbances of the normal atmospheric composition - arising from direct
emissions, pollutants formed during different atmospheric reactions or cloud
formation - have an effect on the heating of the Earth’s surface. In addition
aviation emissions pertubate the ultraviolet radiative balance and cause
changes in the total ozone column.

The importance to a potential climate change mechanism can be explained by
the concept of radiative forcing. It expresses the perturbation or change to the
energy balance of the Earth-atmosphere system in watts per square meter (W
m™). Positive values of radiative forcing imply a net warming while negative
values imply a cooling. A measure for the harmful effects of UV-B is the
erythemal dose rate, defined as UV irradiance weighted according to how
effectively it causes sunburn.

An evaluation of the environmental effects from aircraft has been made in a
special report from the Intergovernmental Panel on Climate Changes (IPCC)
“Aviation and the Global Atmosphere” (IPCC, 1999). The report considers
all gases and particles emitted by aircraft in the upper atmosphere, their role
in modifying the chemical properties of the atmosphere and their ability to
trigger the formation of condensation trails (contrails) and cirrus clouds.
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Subsequently it is explained first how the radiative properties can be modified,
as a result possibly leading to climate change, and secondly how the ozone
layer could be modified, causing changes in ultraviolet radiation (UV-B)
reaching the Earth’s surface.

To put aircraft emissions into future perspectives the report also describes the
environmental effect for the years to come as a result of potential changes in
aircraft technology, air transport operations, and the institutional, regulatory
and economic frameworks. This is done by examining 7 different emission
scenarios for the time period 1990-2050. In the following a brief description
of the substances contributing to global radiative forcing and UV-B
perturbations from subsonic aircraft and the contributor’s predicted end level
will be given, according to the IPCC reference scenario for the years 1990 to
2050.

1.1 CO,

The radiative forcing from CO, is the result of the build-up in concentrations
from CO, emitted in the last 100 years or so. Aviation’s accumulated CO,
concentration share in 1992 was a little more than 1% of the total
concentration increase coming from all anthropogenic emissions. The share is
smaller than the actual 1992-emission share, because the emissions only
occurred in the last 50 years. The accumulated aviation share is in the IPCC
reference scenario predicted to be 4% in 2050.

1.2 OZONE

In 1992 the NO_ emissions from aircraft at cruise altitudes (upper
troposphere and lower stratosphere) are estimated to have caused a 6%
increase in ozone concentrations in northern mid-latitudes compared with an
atmosphere without aircraft emissions. Furthermore the IPCC reference
scenario predicts the ozone concentrations to increase to about 13% in 2050.
The increase in ozone concentration is substantially smaller in other regions of
the world, but will in total tend to heat up the Earth’s surface.

The same quantity of NO_ emissions is more effective at producing ozone in
upper-tropospheric and lower-stratospheric altitudes than at surface level. In
addition the radiative forcing of the same amount of ozone is stronger at
cruise altitudes than at lower altitudes. Taking this into account the reference
scenario predicts a 0.4 and 1.2% increase in the total ozone column at
northern mid-latitudes in 1992 and 2050, respectively. Adversely,
stratospheric aircraft emissions of sulphur and water tend to deplete ozone
and this to some degree outbalances the NO -induced ozone increase, but
how strong this effect is is still not quantified.

1.3 METHANE

Tropospheric NO_emissions decrease the concentration of methane, while
ozone is being formed. The fall in methane concentrations tends to cool the
Earth’s surface. The methane concentration is 2% smaller in 1992 compared
to an atmosphere without aircraft, and according to the IPCC reference
scenario the concentrations will be 5% smaller in 2050 compared to an
atmosphere without aircraft. However, this decrease in methane
concentrations is very small compared to the observed 2.5-fold overall
increase since pre-industrial times.
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1.4 WATER VAPOR

Most of the water vapour emissions from subsonic aircraft occur in the
troposphere. At these flying altitudes the water vapour is removed by
precipitation within 1 or 2 weeks. A smaller part of the water vapour is
injected into the lower stratosphere. Here it can build up to larger
concentrations. Being a greenhouse gas water vapour tend to heat the Earth’s
surface, but the overall effect is smaller than for CO, and ozone as far as
subsonic aircraft are concerned.

1.5 CONTRAILS

Contrails mainly form in the upper troposphere and are initiated by the water
vapour emitted by aircraft flying at these cruise altitudes. Contrails have
radiative forcings - which similar to high thin clouds - tend to heat up the
Earth’s surface. In 1992 the average contrail cover was about 0.1% and this
cover is expected to increase to 0.5% in the IPPC reference scenario year
2050. The increase in contrail cover is higher than the projected increase in
global fuel consumption. The future aircraft will become more fuel efficient,
causing the air traffic to a relatively larger growth in the upper troposphere
compared to the growth in global fuel consumption. The radiative effects of
contrails are still uncertain, but are dependent upon their optical properties
and global cover. The optical properties are determined by the particles
emitted or formed in the aircraft plume and the ambient atmospheric
conditions.

1.6 CIRRUS CLOUDS

Extensive cirrus clouds have been observed to develop after the formation of
persistent contrails. A limited number of studies find that the formation of
cirrus clouds (beyond those identified as line-shaped contrails) is positively
correlated with aircraft emissions. An increase in cirrus cloud cover tends to
heat up the Earth’s surface. The knowledge of the mechanisms behind cirrus
cloud formation is still very limited, but preliminary estimates of aircraft-
induced cirrus cloud cover are 0 to 0.2% of the Earth’s surface and this share
are projected to increase by a factor 4 in 2050 according to the IPCC
reference scenario.

1.7 SULFATE AND SOOT AEROSOLS

Particulate emissions related to aviation are in principle sulphate and soot
aerosols. The total amount of these components is small compared to the
emissions from sources at surface level. Even though the particle emissions
from aircraft in the reference scenario are projected to increase with the global
fuel consumption, their relative emission share of total particulate emissions
remains small in the future. Soot tends to cool while sulphate tends to heat the
Earth’s surface. However, their direct radiative forcings are small compared
with those of other aircraft emissions. Because aerosols influence the cloud
formation, the accumulation of aerosols may play a role in advanced cloud
formation and may also change the radiative properties of clouds.

1.8 OVERALL CLIMATE EFFECTS OF SUBSONIC AIRCRAFT

The figure 1.1 and 1.2 show the radiative forcing from aircraft in 1992 and in
2050 taken from IPCC (1999), the latter presentation showing the IPCC
reference scenario results. Note the difference in axis scaling for the two
presentations. The two-third uncertainty ranges of the estimates are also
presented, indicating that the true value of radiative forcing lies within the
uncertainty range with a probability of 67%. Included in the totals are the
effects from changes in concentrations of CO,, ozone, CH,, water vapour,
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contrails, sulphate and soot aerosols, while the possible change in cirrus cloud
cover are left out. To each component a relative appraisal of the scientific
evidence is made.

In 1992 the best estimate of radiative forcing from subsonic aircraft in total is
0.05 Wm™ (true values between 0.01 and 0.1 Wm™) or 3.5% of the total
radiative forcing by all anthropogenic activities. LLargest uncertainties are
related to CH, and contrails. According to the reference scenario the best
estimate of the total radiative forcing would rise to 0.19 Wm™ in 2050 or 3.8
times the level in 1992. The 6 remaining IPCC scenarios have best estimates
of radiative forcings between 0.13 and 0.56 Wm™. These results are a factor
of 1.5 less to a factor of 3 greater than that of the reference scenario and 2.6 to
11 times the value in 1992. For the 7 IPCC scenarios the total radiative
forcings from subsonic aircraft are between a factor of 2 to a factor of 4
stronger than the radiative forcing from aircraft-induced CO, alone. Taking
all radiative forcing from anthropogenic activities into account, the effect
would be a factor of 1.5 stronger than the effect from CO, alone.

Radiative Forcing from Aircraft in 1992
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Figure 1.1 Radiative forcing from aircraft in 1992 (IPCC, 1999)

Radiative Forcing from Aircraft in 2050
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Figure 1.2 Radiative forcing from aircraft in 2050 (IPCC, 1999)
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1.9 OVERALL EFFECTS OF SUBSONIC AIRCRAFT ON UV-B

Stratospheric ozone blocks most of the harmful ultraviolet light (UV-B)
radiated from the sun. The erythemal dose rate is defined as the UV
irradiance weighted according to how effectively it causes sunburn. In 1992
the erythemal dose rate is estimated to decrease with 0.5% at 45 °N in July by
sub-sonic aircraft emissions (mainly due to NO_) compared with an atmos-
phere without aircraft. This should be held up against a calculated erythemal
dose increase of 4% from 1970 to 1992 due to the overall ozone depletion.
Aircraft contrails, aerosols and induced cloudiness give much smaller changes
to UV-B. The decrease in UV-B is estimated to be a factor of 4 lower in the
Southern Hemisphere than in the Northern Hemisphere.

In the IPCC reference scenario the change in UV-B is -1.3% in 2050
compared to a situation with no aircraft (with a two-thirds uncertainty range
from -0.7 to -2.6%). The change in UV-B from other sources is estimated to
be -3% at 45 °N from 1970 to 2050. The latter decrease is caused by 1) the
incomplete recovery of the ozone layer in 2050 back to the level of 1970 and
2) the expected increase of ozone-precursor emissions in the same period.
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Table 1.1 repeats the overview of the emitted components, their role and
major environmental effects at Earth’s surface given in IPCC’s Table 1-1
(1999).

Table 1.1 Emission components contributing to climate and ozone change (IPCC,
1999)
Emission components Role and major environmental effects at Earth’s surface
CO, Troposphere and Stratosphere
Direct radiative forcing [ warming

H,0 Troposphere

Direct radiative forcing 1 warming

Increased contrail formation [J radiative forcing [
warming
Stratosphere

Direct radiative forcing [ warming

Enhanced PSC formation [0 O, depletion 0 enhanced
UV-B

Modifies O, chemistry O O, depletion O enhanced UV-
B

NO, Troposphere
O, formation in upper troposphere
0 radiative forcing 1 warming
O reduced UV-B
Stratosphere
O, formation below 18-20 km O reduced UV-B
O, decrease above 18-20 km O enhanced UV-B
Enhanced PSC formation O O, depletion 0 enhanced
UV-B

SO, and H,SO, Troposphere
Enhanced sulfate aerosol concentrations
Direct radiative forcing 0 cooling
Contrail formation [0 radiative forcing I warming
Increased cirrus cloud cover [ radiative forcing [
warming
Modifies O, chemistry
Stratosphere
Modifies O, chemistry

Soot Troposphere
Direct radiative forcing 1 warming
Contrail formation [0 radiative forcing I warming
Increased cirrus cloud cover [ radiative forcing [
warming
Modifies O, chemistry
Stratosphere
Modifies O, chemistry
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2 The CORINAIR System

For the purpose of monitoring the state of the environment and to reduce air
emissions according to national target plans and international agreements
Denmark is obliged to make annual estimates of air emissions from all sectors.
The Danish inventory is made in the European-wide CORINAIR
(COoRdination of Information on AIR emissions) inventory format and the
emission figures are further submitted to international conventions.

2.1 CORINAIR AND INTERNATIONAL CONVENTIONS

Air emissions are estimated and summarised in sub-sectors and the results are
further reported to the United Nations Framework Convention on Climate
Changes (UNFCCC) and United Nations Economic Commission for Europe
Convention on L.ong Range Transboundary Air Pollutants (UNECE
CLRTAP), according to their classification procedures. General information
on the UNFCCC and UNECE conventions is available on the websites
http://www.unfccc.de and http://www.unece.org

For aviation the UNECE and UNFCCC reporting rules prescribe a grouping
in four different sub-categories: Domestic and international LTO (Landing
and Take Off) and cruise. A L'TO cycle describes the operation of an aircraft
in the vicinity of an airport during approach, taxi-in and out, take off and
climb to a level of 3000 feet.

Flights are considered domestic, if they have origin and destination in the
same country for which the inventory is made. Flights leaving the country
with foreign destinations are regarded as international flights. Both emissions
related to domestic and international air traffic are to be reported to the
UNFCCC only. Emissions associated with L'T O activities are requested by
the UNECE convention, although an exception is made for CO,. In this case
the UNFCCC reporting instructions are followed.

Table 2.1 Aircraft emission grouping in the UNECE and UNFCCC
conventions

Domestic flights International flights
LTO (<3000 ft) UNECE and UNFCCC | UNECE and
UNFCCC

CORINAIR is the most extensive European air emission inventory
programme for national sector-wise emission estimations. To ensure estimates
as timely, consistent, transparent, accurate and comparable as possible, the
inventory programme has developed calculation methodologies for most sub-
sectors and software for storing and further data processing (CORINAIR,
1999).

Incorporated in the CORINAIR software is a feature to serve the specific
UNFCCC and UNECE convention needs for emission reporting. The
requirements for emission information to other international bodies, such as
the Helsinki (HELLCOM) and Oslo-Paris (OSPARCOM) conventions and
the EU monitoring mechanism for CO, and other greenhouse gases, are also
met in terms of the emission components comprised in CORINAIR.
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2.2 CORINAIR INVENTORIES

The CORINAIR emission inventory system has been developed by the
European Union. Initially it was part of the EU (DG XI) Corine
(COoRdination d’INformation Environmentale) programme set up by the
Council of Ministers in 1985 (Decision 85/338/EEC). The first CORINAIR
inventory covered the three pollutants: SO,, NO_and VOC' (Volatile Organic
Compounds) for the year 1985. The then EU-12 countries participated in this
first pan European inventory. The second inventory (for the year 1990) was
expanded to 29 countries and the emission components SO,, NO , NMVOC
(Non Methane Volatile Organic Compounds), CH,, CO, CO,, N,O and NH..

From 1994 the EEA (European Environment Agency) has co-ordinated the
CORINAIR inventory programme and national estimates have been
requested every year. The 1998 inventory has been carried out by 35
countries: the EU-15, the Phare 13 (Former Eastern European countries
receiving monetary aid from the EU), Croatia, Cyprus, Iceland,
Liechtenstein, Malta, Norway and Switzerland. At present CORINAIR
comprises 28 different emission species and the emissions are made up in 11
main sectors further divided in more detailed second and third levels. The
European inventories can be seen on the EEA website
(http://www.eea.eu.int/). Time series of the Danish 1975-1996 emissions are
reported by Winther et al. (1999a) and 1997 figures are also included at the
NERI website http://www.dmu.dk

Table 2.2 Emission species requested by CORINAIR

Conventional pollutants Heavy metals Persistent Organic Pollutants
sulphur dioxide (SO,) arsenic (As) hexachlorocyclohexane (HCH)
non-methane volatile organic cadmium (Cd) pentachlorophenole (PCP)
compounds (NMVOC)
nitrogen oxides (NO,) chromium hexachlorobenzene (HCB)

(Cr)
methane (CH,) copper (Cu) tetrachloromethane (TCM)
carbon monoxide (CO) mercury (Hg) trichloroethylene ('TRI)
carbon dioxide (CO,) nickel (N1) tetrachloroethylene (PER)
nitrous oxide (N,0) lead (Pb) trichlorobenzene (TCB)
ammonia (NH,) selenium (Se) trichloroethane (T'CE)

zinc (Zn) dioxins

furanes

Total emissions of all the emission components in table 2.2 are requested by
the UNECE convention, while only inventories of the greenhouse gases; CO,,
CH,, N,O, HFC’s, PFC’s and SF, should be submitted to UNFCCC.

The European work with environmental data is organised by the EEA in
several European Topic Centres (ETC’s). Each ETC is responsible for
gathering information on an European level concerning specific
environmental subjects or environmental compartments. For emissions to the
atmosphere the ETC/AE (European Topic Centre on Air Emissions) is lead
by the Umweltbundesamt (UBA) in Germany, with partners from the UK
(AEA Technology), The Netherlands (TNO), Austria (UBA), France
(Citepa), Italy (ENEA) and Denmark (Risg National Laboratory).

The EEA has also made a network of National Focal Points (NFP’s), one for
each country. The NFP’s are responsible for the country’s overall
organisation of environmental information. In Denmark the NFP is NERI
(National Environmental Research Institute) in Silkeborg. The Danish NFP
has organised the work in National Reference Centres (NRC’s), one for each

! In terms of air pollutant emissions VOC isidentical with hydro carbons (HC).
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environmental subject or area. The Department of Policy Analysis at NERI is
appointed to cover the Danish emissions to the atmosphere. In general the
Danish NRC’s cover the same environmental themes as the European ETC’s.
This means that the Danish CORINAIR inventories are submitted both to the
ETC/AE and to the Danish NFP. The Danish air emission inventories can be
found on http://www.dmu.dk and http://www.nfp-dk.eionet.cu.int.

2.3 CORINAIR AIRCRAFT EMISSION CALCULATION METHODOLOGIES

Three different aircraft emission calculation methodologies are defined in the
CORINAIR guidelines: the very simple, the simple and the detailed
methodology. The previous methodology versions explained in CORINAIR
(1996) were quite similar to the proposed methodologies by IPCC (Houghton
etal., 1997a,b,c). The previous detailed methodology — referred to as the
current methodology - is still used in Denmark for making national estimates
and will be explained in much detail in the next chapter.

All three CORINAIR methodologies have been recently revised by the
UNECE transport expert panel and more updated and detailed fuel use and
emission data has become available (CORINAIR, 1999). A major
improvement of the detailed methodology is the inclusion of fuel use and
emission numbers for cruise flying conditions. The figures are given for
different distance classes and a variety of representative aircraft types. A main
purpose of the present project is to make the new detailed version operational
for inventory makers. This work will be documented in chapter 4.
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3 Current CORINAIR aircraft
emission estimates

The previous version of the detailed CORINAIR methodology (CORINAIR,
1996) is currently used to compute the annual Danish aircraft emissions
(Winther, 1999b). Model estimates for 1994 and onwards is a part of the
official Danish emission figures reported to international conventions.

To operate the methodology initial information must be provided on the
number of domestic and international L' T'Os per aircraft type and their
respective L'TO times-in-modes. From these the L'TO fuel consumption and
emission factors can be calculated together with the total LT O energy use and
emissions. The cruise energy use is estimated as the difference between the
total fuel use from aviation fuel sale statistics and the total calculated L'TO
fuel use. At last when given the fuel related cruise emission factors the total
domestic and international energy use and emissions can be calculated.

3.1 AIR TRAFFIC STATISTICS

As a start the methodology needs information on the number of L'TO’s
grouped by representative aircraft types at all airports, local LTO times-in-
mode and most frequently used engine per aircraft type.

At the most detailed estimation level all individual aircraft with their specific
engines should be represented in the emission inventory and data on their
actual L'TO times-in-mode should be available in every airport. This detailed
knowledge is very hard to obtain and therefore data must be used on a more
aggregated level for practical calculations. Assumptions must be made further
to account for missing data in some situations.

For Denmark air traffic statistics exist on different levels with data gaps in
some areas, too. The air traffic activity in Denmark takes place mainly at
Copenhagen Airport. With more than 100,000 L'T'Os per year this airport is a
large emission point source in CORINAIR. From a national point of view the
air traffic statistics for Copenhagen Airport are well described both as regards
the number of L' TOs per aircraft type and the L'TO times-in-mode. The
available statistics from the provincial airports are more scarce; they only
submit rough information on the number of L' T'Os in traffic categories.
Therefore, in order to carry out the emissions calculations properly it is
necessary to make some assumptions.

In spite of the different levels of Danish aviation statistics it is possible to
divide the air traffic activity into the number of L' T'Os per aircraft type by
using different statistical sources. In the L'TO groupings, see table 3.2, no
distinction is made between charter and scheduled air traffic (large aircraft)
and small aircraft are treated separately. Moreover, Copenhagen Airport is
parted from the provincial airports in the inventory due to CORINAIR
emission source definitions and the varying statistic levels in general.
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Figure 3.1 Route map™ for the CORINAIR aircraft calculation methodology (CORINAIR,
1996)
1EF: Emission factor

3.2 COPENHAGEN AIRPORT

To a large extent the CORINAIR emission inventory of Copenhagen Airport
is based on an EIA (Environmental Impact Assessment), see Copenhagen
Airport (1996). In this work all aircraft types operating at Copenhagen airport
are grouped into 20 different representative aircraft types (large aircraft). The
most frequently used engine type is also found for each of these. At the same
time their respective L'TO times-in-modes have been measured.
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Table 3.1 LTO modal time intervals measured at Copenhagen Airport

Representative aircraft Engine type No.of Takeoff [s] Climbout[s] Approach[s] Taxi

engines [min]
MD81 Jr8D-209 2 83.1 36.9 2440 10.77
MD87 JraD-217C 2 83.1 36.9 2440 10.77
DC9 Jr8D-15 2 91.1 55.0 2339 10.77
F50 PW125B 2 88.0 99.6 300.2 11.03
B737 CFM56-3B-2 2 59.1 329 230.7 10.77
B767 PW4056 (W/O 2 70.2 50.9 2440 1270
F100 TAY MK 620-15 2 66.9 374 251.2 10.77
EA310 CFM56-5A3 2 60.3 16.0 2355 11.70
B757 RB211-535C 2 54.7 394 2476 12.73
EA320 CFM56-5-A1 2 80.4 431 2276 12.07
B747 CF6-80C2B1F 4 116.3 49.3 2147 13.02
MD11 CF6-80C2D1F 3 87.0 39.3 2120 12.70
B727 Jrap-217 2 98.8 331 2147 12.05
L188 RB211-22B 3 109.9 66.1 257.0 10.77
DC10 CF6-50C2 3 91.3 42.0 2188 12.70
EA300 CF6-80C2/A3 2 1135 25.1 2389 12.70
BA1l SPEY MK511 2 83.7 36.5 251.2 10.78
BA46 ALF 502R-3 4 125.7 41.8 269.2 10.77
S365 AS365N2 2 84.4 16.8 756 11.03
SF34 CT7-5 2 51.6 420 285.0 11.03

No information is available to distinguish between domestic and international
L'TOs per aircraft type at Copenhagen Airport. In the airport’s own air traffic
statistics (Copenhagen Airport, 1999) the annual number of L' TOs are given
for all aircraft types regardless of destination. In the Danish CORINAIR
inventory these numbers are grouped into L' TO numbers for the
representative aircraft types established in the EIA. Furthermore, these LT Os
are assumed to be international.

Another source of information, Statistics Denmark (1999), lists the number of
domestic and international L' T'Os (large aircraft) and small aircraft (general
aviation) in each Danish airport. From Statistics Denmark (1999) and
Copenhagen Airport (1999) it is finally possible to find more accurate
numbers of international L' T'Os per aircraft type and domestic L'TO totals at
Copenhagen Airport. The assumption that all L' TOs by large aircraft reported
at Copenhagen Airport (1999) are international is expected to give to many
international L' T Os, compared with the real LTO number in Statistics
Denmark (1999). The difference in L TO numbers is subtracted from the
representative aircraft type Fokker F50 L'TOs and added to domestic LTOs,
which are represented by the same aircraft.

3.3 PROVINCIAL AIRPORTS

Since no L'T'O data for provincial airports are given in Statistics Denmark
(1999) for individual aircraft types, all domestic and international L' TO’s (for
large aircraft) are assumed to be carried out by a Fokker F50. Furthermore,
an overall assumption in the Danish inventory is that all domestic traffic with
large aircraft takes place between Copenhagen and the provincial airports.
The engine type and specific L'TO timings are shown in table 3.1. The taxi-in
and out time intervals are small in the Danish provincial airports and are set to
2.5 mins in the inventory, respectively.
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Table 3.2 Number of take offs in Danish airports
Airport Aircraft type Domestic  International

Copenhagen MD81 19,91€
MD87 19,91€
DC9 10,27€
F50 25,757 22,564
B737 14,782
B767 3,76¢
F100 1,937
EA310 705
B757 1,452
EA320 2,79C
B747 46¢
MD11 264
B727 121
L188 38
DC10 7z
EA300 26€
BA1l 15¢
BA46 3,65¢€
S365 8,121
SF34 1,29
Small aircraft 991 1,08z

Other airports  F50 25,967 20,16¢
Small aircraft 128,228 12,26¢

3.4 FUEL CONSUMPTION AND EMISSION FACTORS

The engine power settings and time duration of the different parts of a L'TO
cycle is defined by the International Civil Aviation Organisation (ICAQ), see
(ICAQ, 1993). For engine emission certification purposes modal
measurements of the CO, VOC and NO_ emissions and the fuel consumption
are made during the test cycle for all engine types fitted to large aircraft.

Table 3.3 The times-in-modes and power setting for the ICAO
LTO-cycle

ICAO LTO modes Power setting [%)] Time[min]

Take off 100 0.7
Climb out 85 22
Approach 30 4.0

The engine emission and fuel consumption data can be found in ICAO
(1995) or at http://www.dera.gov.uk. The emission indices (EI) are given as g
emission kg fuel” and the fuel consumption rate as kg fuel s™ for each LTO
mode. The ICAO LTO times-in-modes differ from the Danish time intervals
in table 3.1. To calculate the Danish L' TO fuel consumption and emission
factors the ICAO emission indices and fuel consumption rates are combined
with the Danish L'TO times-in-modes using the following equation:

Ewo = itml]fmﬁlm Q)

Where t_ is the time in LTO-mode m and EI  and ff_the corresponding
emission indices and fuel flows, respectively. For CO, the LTO emission
factors are calculated as L'T'O fuel use multiplied with the lower heating value
(43.5 M]/kg) and the fuel related CO, emission factor (72 g CO,/M]). The
SO, emission factors are derived from the fuel use factors by using a weight
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percent of 0.01% sulphur in the fuel. The atom weight of S equals the weight
of O, thus giving a mass ratio of 0.02% SO, per unit of fuel used.

Table 3.4 LTO fuel use and emission factors

Aircraft type CO NOy vVOC CO, SO, Fuel
[kg/LTO] [kg/LTO] [kg/LTO] [kg/LTO] [kg/LTO] [kg/LTQ]
Copenhagen MD81 34 8.0 11 1,924 0.123 614
MD87 3.2 9.6 10 2,077 0.133 663
DC9 85 7.2 24 2,094 0.134 669
F50 2.8 29 0.2 929 0.059 297
B737 5.3 53 0.3 1,507 0.096 481
B767 37 21.2 0.3 3,595 0.230 1,148
F100 4.0 4.0 0.7 1,273 0.081 407
EA310 29 6.0 0.3 1,432 0.0901 457
B757 6.0 12.3 0.6 2,774 0.177 886
EA320 31 7.3 0.3 1,636 0.104 522
B747 29.5 45.2 6.4 8,203 0.524 2,619
MD11 20.0 335 4.2 5,597 0.357 1,787
B727 34 104 1.0 2,177 0.139 695
L188 64.1 33.8 38.7 5,902 0.377 1,884
DC10 32.7 38.0 11.7 5,809 0.371 1,855
EA300 14.0 26.1 3.0 3,997 0.255 1,276
BA1l 18.3 5.8 10.0 1,553 0.099 496
BA46 6.0 35 0.8 1,394 0.089 445
S365 0.4 0.1 0.0 96 0.006 31
SF34 0.9 05 0.1 200 0.013 64
Small aircraft 7.1 0.9 13 74 0.005 23
Other airports F50 17 25 0.1 713 0.046 228
Small aircraft 7.1 0.9 13 74 0.005 23

Fuel-based cruise emission factors are taken from CORINAIR (1996) as a
single set for large aircraft. Small aircraft do not have to meet any emission
standards. Therefore, no emission factors are available from approved
emission measurement procedures. Instead emission factors are estimated by
using the fuel related emission factors for non-catalytic cars. In addition all
flying with small aircraft are assumed to take place below 3000 ft.

Table 3.5 Cruise fuel use and emission factors

Aircraft type Cco NO, VOC CO, SO,

[9/kg] [g/kg] [o/kg]  [kg/kg] [a/kg]

International  Large aircraft 0.7 138 3.132 0.2
Small aircraft 305.4 37.6 55.4 3.1974 0.2

Domestic Large aircraft 16 3.132 0.2
Small aircraft 305.4 37.6 554 3.1974 0.2

3.5 CALCULATION OF ENERGY USE AND EMISSIONS

The energy use by large aircraft is calculated for both domestic and
international . TOs by multiplying the LT O fuel consumption factor for each
aircraft type with the corresponding number of L' TOs.

The next step is to calculate the total cruise energy use by domestic and
international flights as the difference between the total jet petrol sales in
Denmark (DEA, 1999) and the total calculated L'TO fuel use for domestic
and international air traffic, respectively. No further distribution of cruise fuel
use into aircraft types is made. Such an allocation has no physical meaning
since only one set of cruise emission factors are available in the detailed

calculation methodology.

In order to calculate the domestic and international LT O emissions, the
number of LL'TOs for each aircraft type is multiplied with the respective
emissions per LTO. The cruise emissions are estimated as the domestic and
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Table 3.6 The Danish 1998 CORINAIR aircraft emission inventory

international cruise fuel use times their fuel related cruise emission factors.

For small aircraft the fuel use is taken from domestic and international

aviation gasoline sales statistics. The domestic and international emissions are
calculated by multiplying the aviation gasoline fuel amount with the single set
of fuel related L' TO emission factors.

There is a need to improve some parts of the current model version. If
aggregated emission factors for cruise and emission factors for L'TO in

provincial airports can be derived from a number of representative aircraft,
more precise emission estimates are expected.

Airport Mode  Aircraft type Fuel NO, VOC (6(0) CO, SO,

[tonnes] [tonnes] [tonnes] [tonnes] [ktonnes] [tonnes)

Domestic Copenhagen  LTO F50 7,642 74 6 73 24 2
Small aircraft 23 1 1 7 0 0

Cruise F50 21,294 202 6 34 67 4

Small aircraft 0 0 0 0 0 0

Domestic Other LTO F50 5,915 64 3 43 19 1
Small aircraft 2,978 112 165 909 10 1

Cruise F50 21,467 204 6 34 67 4

Small aircraft 0 0 0 0 0 0

Domestic Total 59,318 657 187 1,101 186 12
International  Copenhagen  LTO B727 84 1 0 0 0 0
B737 7,115 78 4 78 22 1

B747 1,228 21 3 14 4 0

B757 1,286 18 1 9 4 0

B767 4,325 80 1 14 14 1

BA11 79 1 2 3 0 0

BA46 1,628 13 3 22 5 0

DC10 134 3 1 2 0 0

DC9 6,871 74 25 87 22 1

EA300 339 7 1 4 1 0

EA310 322 4 0 2 1 0

EA320 1,457 20 1 9 5 0

F100 787 8 1 8 2 0

F50 6,695 64 5 64 21 1

L188 62 1 1 2 0 0

MD11 472 9 1 5 1 0

MD81 12,231 160 22 69 38 2

MD87 13,210 192 20 64 41 3

S365 249 1 0 4 1 0

SF34 83 1 0 1 0 0

Small aircraft 25 1 1 8 0 0

Cruise Largeaircraft 559,414 7,720 839 392 1,752 112

Small aircraft 0 0 0 0 0 0

International  Other LTO F50 4,594 50 2 33 14 1
Small aircraft 285 11 16 87 1 0

Cruise F50 100,232 952 30 160 314 20

Small aircraft 0 0 0 0 0 0

International Total 723,207 9,489 980 1,141 2,265 145
Grand total 782,526 10,146 1,167 2,242 2,451 157

3.6 AVIATION FUEL STATISTICS FOR DENMARK, OECD AND GLOBALLY

The most recent year with aviation fuel statistics available for Denmark,
OECD and globally is 1997. The total fuel sold in airports in the Kingdom of

Denmark reflects the part of air traffic movements taking place. Some
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important factors that determine the number of flights are size of population,
geographical situation, and economic growth and prosperity. This fuel sale
number in 1997 account for a little more than 0.4% of the global fuel sale
figure, almost 0.6% of the OECD total and around 2.2% of all fuel sold in
airports in the EU. Due to definitions some differences occur between the
International Energy Agency (IEA) and the Danish Energy Agency (DEA)
aviation fuel statistics.

In IEA statistics (1999a and b) the fuel used by flights within Denmark and
flights from Greenland and the Faroe islands bound for Denmark are
included under domestic aviation. The domestic total is 117 kilotons of fuel
and the number also include military fuel use. Domestic flights within
Denmark use 55 kilotons of jet fuel, while the fuel used by flights from
Greenland or the Faroe islands bound for Denmark use 62 kilotons of fuel.
The latter fuel use number is based on the fuel sale from Danish Refineries to
the airports in Greenland and the Faroe islands. The international fuel total is
675 kilotons and include the fuel used by all flights from Denmark and bound
for Greenland, the Faroe Islands and other international countries.

The DEA statistics (1998) cover the domestic fuel used by all flights within
Denmark (55 ktonnes). This number also includes the fuel used by military
flights. The fuel used by flights from Denmark to Greenland, the Faroe
islands and other international countries are reported as international fuel use.
The fuel used by flights from Greenland or the Faroe islands and bound for
Denmark is not included in the statistics.

Table 3.7 Aviation fuel sale figures for Denmark, OECD and globally

Domestic [ktonnes] International [ktonnes) Total [ktonnes]
Aviation Jet fuel Aviation Jet fuel Aviation Jet fuel
gasoline® gasoline’ gasoline
World (IEA) - - - - 2,338 189,859°
OECD (IEA) 1,380 93,925 35 44,196 1,415 138,121
EU (IEA) 117 7,780 2 27,450 119 35,230
Denmark (IEA) 4 117 - 675 4 792
Denmark” (DEA) 3 55 0 675 3 730

? Also includes motor gasoline burned
® Also includes kerosene burned
* From the Danish Energy Agency
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4 New CORINAIR aircraft emission
inventory

Several types of information must be available in order to set up the new
CORINAIR aircraft emission inventory system. Consistent data should be
obtained for all flights in terms of origin and destination airports, aircraft type
etc. In parallel airport code translations must be obtained and a classification
of aircraft types must be made. Finally fuel use and emission data must be
provided to support the calculation procedure.

4.1 AIRCRAFT CATEGORIES AND FLIGHT DATA

In general all flights can be denominated as Instrumental Flight Rules (IFR)
flights, Visual Flight Rules (VFR) flights or military flights. IFR flights are
guided by radar and ground control during the whole flight. Aircraft flying
VFR are almost solely small gasoline-fuelled aircraft operating in altitudes
with visual ground contact. The latter aircraft have only a very small share of
the total fuel and emissions from aviation activities. Military flights are
restricted by nature, which makes it difficult to obtain flight information on a
satisfactory level.

4.1 ICAO aircraft classification

A systematic way to classify all single aircraft into major categories is to
consider aircraft type, number of engines and engine principle. Such an
overall categorisation of all aircraft is done by ICAO (1998). In this report
aircraft type designators, Wake Turbulence Category (WTC) and aircraft
type descriptions (overall type, number of engines and engine principle) are
listed for all aircraft manufacturers and aircraft models present in today’s fleet,
and larger than micro or ultra light types.

The aircraft designators are used for Air Traffic Service (ATS) and consist of
no more than four characters usually derived from the manufacturers model
number or model name, or from a common military type number. The WTC
falls into three different Maximum Take Off Weight (MTOW) classes. A
description of aircraft types consist of three characters namely the overall
aircraft type, the number of engines and engine principle, respectively.

Table 4.1 ICAO WTC and aircraft types

WwWTC H (Heavy) Aircraft with MTOW of 136.000 kg or more
M (Medium)  Aircraft with MTOW between 136.000 kg and 7.000

kg

L (Light) Aircraft with 7.000 kg MTOW or less

Landplane

Seaplane

Amphibian

Helicopter

Gyrocopter

Tilt-wing aircraft

Piston engine

Turboprop engine

Jet engine

Overall aircraft type

Engine principle

—avHom» vt

The above-described ICAO codes was provided by the Danish Civil Aviation
Administration (CAA-DK) in electronic files to the present project. In total
ICAO have 1731 aircraft type designators. In some cases more than one
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aircraft manufacturer or aircraft model use the same designator code; in total
there are 2861 unique combinations of manufacturer, model and type
designator.

Table 4.2 A sample of aircraft classified according to the ICAO system

Aircraft Aircraft model Type WwWTC Aircraft

manufacturer designator type
BOEING 707-100 (C-137B) B701 M L4]
BOEING 717-200 B712 M L2]
BOEING 720 B720 M L4]
BOEING 727-100 (C-22) B721 M L3]
BOEING 727-200 B722 M L3]
BOEING 737-100 B731 M L2]
BOEING 737-300 B733 M L2]
BOEING 737-400 B734 M L2]
BOEING 737-500 B735 M L2]
BOEING 737-600 B736 M L.2]
BOEING 737-700 B737 M L2]
BOEING 737-800 B738 M L2]
BOEING 747-100 B741 H L4]
BOEING 747-300 B743 H L4]
BOEING 747-400 (AL-1) B744 H L4]
BOEING 747SCA Shuttle BSCA H L4]

Carrier

BOEING 747SP B74S H L4]
BOEING 747SR B74R H L4]
BOEING 757-200 (C-32) B752 M L2]
BOEING 757-300 B753 M L2]
BOEING 767-200 B762 H L2]
BOEING 767-300 B763 H L2]
BOEING 777-200 B772 H L2]
BOEING 777-300 B773 H L2]

4.1.2 ICAO airport and country code notation
CAA-DK also provided the entire world’s ICAO country and airport code

Table 4.3 A selection of Danish airports with country and airport codes

Country code Country Airport code Airport

EK DENMARK EKAE AERO

EK DENMARK EKAH AARHUS

EK DENMARK EKAL ALLEROD (PRIVATE AD)

EK DENMARK EKAT ANHOLT

EK DENMARK EKBI BILLUND

EK DENMARK EKCH KOBENHAVN/KASTRUP

EK DENMARK EKEB ESBJERG

EK DENMARK EKEL ENDELAVE (PRIVATE AD)

EK DENMARK EKFA FRODBA (FAROE
ISLANDS)

EK DENMARK EKGF TYRA OST

EK DENMARK ERKMC KARUP (RCC)

EK DENMARK EKMK KARUP MIL MET CENTRE

EK DENMARK EKMN KOSTER VIG

EK DENMARK EKNM MORSO

EK DENMARK EKNS NAKSKOV

EK DENMARK EKOD ODENSE

EK DENMARK EKPB KRUSA-PADBORG

EK DENMARK EKRD RANDERS

EK DENMARK EKRK KOBENHAVN/ROSKILDE

EK DENMARK EKRN BORNHOLM/RONNE

EK DENMARK EKRR RO

EK DENMARK EKRS RINGSTED

EK DENMARK EKSA SAEBY/OTTESTRUP

EK DENMARK EKSB SONDERBORG

EK DENMARK EKVG VAGAR (FAROE ISLAND)

EK DENMARK EKVH AARS

EK DENMARK EKV] STAUNING

EK DENMARK EKVL VAERLOSE (MIL)

EK DENMARK EKYT AALBORG (CIV/MIL)
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notations in an electronic data file. A hardcopy version of the codes is printed
in ICAO (1999). The first and second letter indicates the routing area and the
state (or territory) respectively, of which the airport is situated. The
telecommunication centre of which the airport is connected is referred to in
the third letter, while the fourth letter is assigned as desired.

4.1.3 EUROCONTROL IFR flight data

From the European Organisation for the Safety of Air Navigation
(EUROCONTROL) log files were received with information on all IFR
flights from Denmark in 1998. Even though Greenland and the Faroe Islands
are a part of the Kingdom of Denmark they are not members of
EUROCONTROL and therefore data are only provided for a limited number
of flights leaving these two geographical areas. Those are flights going through
EUROCONTROL area, and effectively this means flights bound for
European countries such as Denmark, Norway and Scotland. According to
the same definition internal flights in Greenland and the Faroes are excluded
together with flights for Canada and Iceland. For consistency reasons all
flights from Greenland and the Faroes are excluded from the present
inventory.

Every flight was recorded by date and time of departure, origin and
destination airport code, type designator, aircraft call sign and airline
company name. Also the great circle distance between origin and destination
airports was stated. The great circle distance is measured as the length of a
natural curve between the origin and destination airports with no mileage
compensation for actual flight profiles or the actual route followed. In many
cases the great circle routing assumption is too idealistic. Stacking often
occurs at airports - especially during peak hours — and flying must some times
avoid restricted areas, e.g. areas with military activity.
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A subsequent count on the number of flights and also a data query on specific
aircraft types revealed 205.098 IFR flights represented by 223 different type
designators. For reasons of consistency flights from Greenland and the Faroes
to Denmark (1432) and other international flights (65) were excluded. Some
flights were excluded from the inventory due to lack of fuel use and emission
data; namely all piston engined flights (3846), military aircraft (330) and

Table 4.4 EUROCONTROL data for some flights in 1998

Date  Time Origin  Destination Type Call sign  Company Great circle
designato distance
r
0107 1925 BGBW EKCH B73B GRL786 GRL 3322
0114 1850 BGBW EKCH B73B GRL786 GRL 3322
0102 1906 BGSF EKCH B767 SAS292 SAS 3425
0105 1905 BGSF EKCH B767 SAS292 SAS 3425
0107 0058 BGSF EKCH B727 GRL782 GRL 3425
0107 1859 BGSF EKCH B767 SAS292 SAS 3425
0109 1852 BGSF EKCH B767 SAS292 SAS 3425
0112 1854 BGSF EKCH B767 SAS292 SAS 3425
0114 1157 BGSF EKCH B727 GRL378 GRL 3425
2
0114 1846 BGSF EKCH B767 SAS292 SAS 3425
0116 1836 BGSF EKCH B767 SAS292 SAS 3425
0119 1837 BGSF EKCH B767 SAS292 SAS 3425
0120 2009 BGSF EKCH B727 GRL782 GRL 3425
0121 1837 BGSF EKCH B767 SAS292 SAS 3425
0123 1835 BGSF EKCH B767 SAS292 SAS 3425
0126 1839 BGSF EKCH B767 SAS292 SAS 3425
0128 1822 BGSF EKCH B767 SAS292 SAS 3425
0130 1835 BGSF EKCH B767 SAS292 SAS 3425
0107 1507 BGSF EKVL GULF DAF313 021 3399
0120 1558 BGSF EKVL GULF DAF249 021 3399
0122 1657 BGSF EKVL C130 DAF679 021 3399
0108 2358 BGSF ENZV FA20 GRL560 GRL 2871
3
0118 0458 BGSF ESGG BA11 N17MK 3248
0113 1825 BGTL EKCH B767 SAS7287 SAS 3853

helicopter operations (133). Omitted were also flights with no indication of
great circle distance, i.e. with same origin and destination airport code stated.
Many of these flights (1652) were actually piston engined flights or flights of a
military character.

The EUROCONTROL origin and destination airport codes and aircraft type
designators use ICAO nomenclature and can be used as entries in the airport
and country code translation tables described in paragraph 4.1 and 4.2. This
coupling of data enables all flights to be grouped into domestic and
international flights and in turn facilitates further fuel use and emission
calculations.

4.2 REPRESENTATIVE AIRCRAFT AND GROUPINGS

Fuel use and emission data is not readily available for each of the 223 different
aircraft type designators in this project. A grouping has to be made into a
smaller number of aircraft types representing the whole aircraft fleet and for
which fuel use and emission data exist. In the present chapter the
representative aircraft types are listed with their WTC and a description of
overall aircraft type, number of engines, engine principle and approximate
MTOW. These parameters are used as guidelines to append a representative
aircraft type to each of the aircraft types present in the Danish inventory.
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4.2.1 Representative aircraft

CORINAIR use 24 representative aircraft for jets and turbo-props. Their
respective fuel use and emissions come from different simulation models with
underlying assumptions that among others vary with respect to the choice of
Take off Weight (TOW) in the actual simulation procedure. Instead the
MTOW?’s have been found in Frawley (1999). In many situations the
representative aircraft type comprises several models with varying MTOW’s
(and seating capacities) and due to this the indicated weight numbers must be

Table 4.5 Representative aircraft and size characterisations
Representative aircraft Category WTC MTOW (Frawley)

[tonnes]
A310 L2] H 142
A320 L2] M 73.5
A330 L2] H 220
A340 L4] H 275
BAC1-11 L2] M 40
Bael46 L4] M 42
B727 L3] M 95
B737 100 L2] M 52
B737 400 L2] M 63
B747 100-300 L4] H 362
B747 400 L4] H 362
B757 L2] M 116
B767 300ER L2] H 182
B777 L2] H 247
DC9 L2] M 55
DC10 L3] H 259
F28 L2] M 33
F100 L2] M 43
MD82-88 L2] M 64
RJ 100 L2] M 18
Dash8 400 L2T M 27.3
F50 L2T M 20.8
Shorts 360 300 L2T M 12.3
S2000 L2T M 22.8

regarded only as approximate values.
4.2.2 Fuel use and emission data

In the new version fuel use and emission factors have been changed to more
representative numbers for representative aircraft during L'TO and cruise. In
most cases the aircraft are generic. This means that the worldwide population
of engines fitted to the aircraft in question is considered calculating the fuel
use and emission factors. The factors for L'TO are based upon ICAO LTO
times-in-modes (see paragraph 4.2). For cruise the biggest improvement is
the shift from rough fuel-based emission data to factors given per distance
flown.

The new CORINAIR data can be found on http://www.eu.int.aegb/. They
have been gathered mainly by harmonising existing data from the
ANCAT/EC2 global aircraft emission inventory (ANCAT/EC2, 1998) and
the European 4th framework project MEET (Methodologies to Estimate the
Emissions from Transport), sece MEET (1999). Data for small jets and turbo-
props have been provided by FFA (2000).

In appendix 1 all fuel use and emission numbers are listed. The L'TO figures
are also displayed in graphs together with their emission indices (EI) in g per
kg fuel burned. The engines used in the simulations are displayed in appendix
2. For the Dash8 400 and S2000 aircraft types no CO emission data were
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available. Instead the CO emission indices for F50 were used and emission
numbers subsequently calculated as emission indices times fuel use for the
two aircraft.

Since the simulated data derive from different models it is important to
emphasise that inter-aircraft comparisons should be made with care for some
aircraft. Also due to model boundary conditions the uncertainties on cruise
fuel use and emissions are greater for the shortest distances. Therefore no
attempts have been made in this report to analyse in more details the
difference in background data for cruise emissions between representative
aircraft.

Table 4.6 Data sources for fuel use and emissions

Representative aircraft Fuel NO, CO VOC
A310 ANCAT/EC2 ANCAT/EC2 MEET MEET
A320 ANCAT/EC2 ANCAT/EC2 MEET MEET
A330 ANCAT/EC2 ANCAT/EC2 MEET MEET
A340 ANCAT/EC2 ANCAT/EC2 MEET MEET
BAC1-11 ANCAT/EC2 ANCAT/EC2 MEET MEET
BAel46 ANCAT/EC2 ANCAT/EC2 MEET MEET
B727 ANCAT/EC2 ANCAT/EC2 MEET MEET
B737 100 ANCAT/EC2 ANCAT/EC2 MEET MEET
B737 400 ANCAT/EC2 ANCAT/EC2 MEET MEET
B747 100-300 ANCAT/EC2 ANCAT/EC2 MEET MEET
B747 400 ANCAT/EC2 ANCAT/EC2 MEET MEET
B757 ANCAT/EC2 ANCAT/EC2 MEET MEET
B767 300ER ANCAT/EC2 ANCAT/EC2 MEET MEET
B777 ANCAT/EC2 ANCAT/EC2 MEET MEET
DC9 ANCAT/EC2 ANCAT/EC2 MEET MEET
DC10 ANCAT/EC2 ANCAT/EC2 MEET MEET
28 ANCAT/EC2 ANCAT/EC2 MEET MEET
F100 ANCAT/EC2 ANCAT/EC2 MEET MEET
MD82-88 ANCAT/EC2 ANCAT/EC2 MEET MEET
RJ 100 FFA FFA FFA  FFA

Dash8 400 FFA FFA FFA  FFA

F50 FFA FFA FFA  FFA

Shorts 360 300 FFA FFA FFA  FFA

S2000 FFA FFA FFA  FFA

Apart from the airframe design fuel use and emissions heavily depend on the
TOW, the engines installed and their corresponding emission indices are
measured during the four modes of the LTO-cycle.

4.3 GROUPING OF AIRCRAFT

When fuel use and emission data are provided for representative aircraft
types, all aircraft types present in the Danish inventory must be sufficiently
grouped prior to the actual calculation procedure. In this study two
parameters have determined the performance of the grouping procedure
namely the aircraft engine principle and the aircraft size.

At first the actual aircraft engine principle is determined. A distinguishment is
made between jets and turbo-propelled aircraft. Secondly a representative
aircraft type with similar size is appended to the aircraft in question. The
approximate MTOW number found in Frawley (1999) for each aircraft type
supports this point of the grouping procedure. All aircraft and their
representative types are listed in appendix 3.

The allocation of representative to actual aircraft types could be more
detailed. In situations where large differences between actual and
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representative aircraft sizes exist, the fuel use and emissions for representative
aircraft could be scaled with the actual/representative aircraft MTOW ratio.
Or if more similar sized representative aircraft were available: Let the aircraft
model date of entering into service decide the choice of representative aircraft.
In this way the inventory would also reflect the modernity of the aircraft fleet.

Mainly two reasons explain why the suggestions for further refinement of the
aircraft grouping has not been implemented in this study. In some cases the
efforts do not bear comparison with the obtained improvements. As stated
elsewhere in this report the actual TOW for an aircraft in many cases differ
from the indicated MTOW. Furthermore it should be possible for other
inventory makers to build a similar aircraft fuel use and emission inventory
from a reasonable level of experience.

4.4 FUEL USE AND EMISSION RESULTS

In the following the procedure for calculating L'T'O and cruise fuel use and
emissions will be explained. Separate results will be listed for Denmark,
Greenland and the Faroe islands and will be further divided into domestic and
international figures.

4.4 Calculation procedure

To calculate the L'TO fuel use and emissions the following equation is used
for each flight:

5
ELro= Z E (2)

Where E, is the fuel use or emission contribution from each of the five LTO-
modes: Approach/landing, taxi in, taxi out, take off and climb out listed in
appendix 1 for all representative aircraft. Appendix 1 gives figures for 13 mins
in the taxi in and out modes, while more appropriate time intervals are 5.5
mins in Copenhagen Airport and 2.5 mins in other airports present in the
Danish inventory. The fuel use and emission numbers are automatically
downscaled in the calculation procedure according to this rationale.

In order to estimate the cruise fuel use and emissions for each flight two
equations are used. If x and x__ denominate the separate distances and the
maximum distance, respectively for which fuel use and emissions are known,
and y denominates the great circle distance for the individual flight in nautical
miles, then the fuel use or emission E (y) becomes:

(y-x) qE
i+l AN

If the flight distance y exceeds x

emissions is:

E(y) =E,

E(y)=E, + -E,) X<y<x,,1=0,1,2...max (3)

Xi41

the equation for calculating fuel use and

max

(y— i)

E(E %) y>x,. 4

In appendix 1 the fuel use and emissions for separate distances and all
representative aircraft are listed.

The grand totals for fuel use and emissions are computed by adding all the

fuel uses and emissions estimated for each flight in (2) for L'TO, and (3) or
(4) for cruise.
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4.4.2 Fuel use and emissions for LTO

Table 4.7 and 4.8 list the total fuel use, emissions and derived emission
indices for Danish domestic LT Os per representative aircraft and for LTO
modal splits, respectively. The same I.'TO figures are shown in table 4.9 and
4.10 for flights bound for Greenland and the Faroe islands.

Table 4.7 Danish domestic LTO fuel use and emissions for representative aircraft

Rep. type Fuel NOy VOC CcO EINOyx EIVOC EICO No. of LTOs
[tonnes] [tonnes] [tonnes] [tonnes] [g/kg] [g/kg] [g/kg]

A310 164 3 0 1 189 1.6 7.6 145
A320 131 2 0 2 171 27 17.0 231
A330 27 1 0 0 201 0.5 5.0 16
B727 576 7 2 6 115 28 10.9 601
B737 100 4 0 0 0 114 0.5 3.0 6
B737 400 4,062 52 1 27 1238 0.3 6.6 7,319
B747 400 5 0 0 0 221 0.4 2.1 2
B757 1 0 0 0 215 04 36 1
B767 300 ER 101 2 0 0 204 0.3 1.9 85
BAel46 47 0 0 0 9.2 0.9 7.7 128
Dash8 400 10 0 0 0 121 0.0 4.7 66
DC10-30 19 0 0 0 230 42 11.2 11
DC9 379 4 0 1 108 0.6 3.6 651
F100 4 0 0 0 118 1.0 8.2 9
F28 12 0 0 0 110 225 250 28
F50 2,796 29 0 15 10.3 0.0 5.5 25,532
MD 82 10,946 174 14 42 159 1.2 3.9 15,584
RJ 100 219 2 0 2 7.7 1.0 106 1,489
S2000 22 0 0 0 7.8 02 438 183
Shorts 360 300 819 4 6 28 4.9 7.0 339 11,208
Total LTO 20,343 280 24 127 138 1.2 6.3 63,295

Table 4.8 Danish domestic LTO mode fuel use and emission totals

Mode Fuel NOx vVOC CO EINOyx EIVOC EICO No. of LTOs
[tonnes] [tonnes] [tonnes] [tonnes] [g/kg] [g/kg] [g/kg]
Approach 5,847 50 6 29 8.6 11 5.0
landing
Climb out 7,352 144 2 9 196 0.3 1.3
Take off 2,803 65 1 2 231 0.2 0.9
Taxiin 2,168 10 7 43 4.8 3.4 199
Taxi out 2,174 10 7 43 4.8 34 199
Total LTO 20,343 280 24 127 138 1.2 6.3 63,295
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Table 4.9 L'TO fuel use ansd emissions for flights bound for Greenland and the
Faroe Islands

Rep. type Fuel NOy VOC CcoO EINOx EIVOC EICO No. of LTOs
[tonnes] [tonnes] [tonnes] [tonnes] [g/kg] [g/kg] [g/kg]

B727 1 0 0 0 109 33 126 1
B737 400 258 3 0 2 123 04 8.1 436
B757 94 2 0 1 194 0.6 6.0 98
B767 300 ER 260 5 0 1 193 04 2.4 205
BAel46 193 2 0 2 8.6 1.2 10.9 462
Dash8 400 3 0 0 0 121 0.0 4.7 19
F28 9 0 0 0 115 184 213 22
MD 82 1 0 0 0 150 14 4.5 1
RJ 100 3 0 0 0 7.7 1.0 106 17
Grand total 821 12 1 6 144 0.8 6.8 1,261

The aircraft in North-Atlantic service between Denmark and Greenland in
particular are larger sized than the aircraft flying Danish domestic trips. This
is reflected in more fuel use in relative numbers, and on average a bigger
EINO, and smaller EIVOC and EICO’s. In this way the B767 has a great
impact on the total result. This particular aircraft consumes one-third of the
total fuel used by North-Atlantic flights, and has relatively large EINO_and
small EIVOC and EICO’s.

Also results for the total fuel use, emissions and derived emission indices for
Danish international L' TOs per representative aircraft and for LTO modal
splits are given in the tables 4.11 and 4.12, respectively.

The total EINO_number is almost the same for Danish domestic and
international L'T'Os, while international EIVOC and EICO show an increase
of about 40 and 20%, respectively. The larger EIVOC for international L' TOs
is mainly because of the more frequent use of F28 and due to a smaller

Table 4.10 LTO mode fuel use and emissions totals for flights bound for Greenland
and the Faroe Islands

Mode Fuel NOx vOC CO EINOx EIVOC EICO No. of LTOs
[tonnes] [tonnes] [tonnes] [tonnes] [g/kg] [o/kg] [g9/kg]
Approach landing 203 2 0 1 8.4 0.4 3.6
Climb out 314 6 0 0 205 0.2 1.0
Take off 121 3 0 0 242 0.2 0.9
Taxi in 91 0 0 2 4.2 28 246
Taxi out 91 0 0 2 4.2 28 246

Total LTO 821 12 1 6 144 0.8 6.8 1,261

relative importance of the F50, for which VOC measured is below detection
limit. For EICO more F28 LL'TOs and the use of A320 in international traffic
also cause the increase. Moreover the relative importance of fuel used for
LTOs by MD82 (with fairly low EICOs) in international traffic is minor
compared to the fuel use weightings of domestic LTOs.
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Table 4.11 Danish international LTO fuel use and emissions for representative
aircraft

Rep. type Fuel NOy VOC CcO EINOx EIVOC EICO No. of LTOs

[tonnes] [tonnes] [tonnes] [tonnes] [g/kg] [g/kg] [g/kg]

A310 2,428 44 5 22 183 1.9 9.2 2,046
A320 2,779 46 7 49 16.5 26 178 4,644
A330 296 6 0 2 199 0.5 52 176
A340 367 8 2 5 215 51 13.7 237
B727 3,114 34 10 38 110 3.2 122 3,078
B737 100 1,511 16 1 6 10.6 0.5 3.7 2,259
B737 400 14,163 174 6 114 123 0.4 8.1 23,992
B747 400 1,308 26 1 4 201 0.4 3.4 498
B757 1,119 22 1 7 194 0.6 59 1,172
B767 300 ER 4,655 90 2 11 193 0.4 2.4 3,666
B777 6 0 0 0 251 51 137 3
BAC1-11 76 1 2 3 9.4 20.3 36.8 161
BAel46 1,596 14 2 18 8.5 1.2 110 3,813
Dash8 400 277 3 0 2 110 0.0 5.6 1,379
DC10-30 1,848 41 9 25 222 50 135 1,040
DC9 6,868 71 4 29 103 0.7 4.2 10,954
F100 415 4 1 5 103 1.3 121 785
F28 1,111 11 34 36 10.0 306 323 2,387
F50 2,690 26 0 16 9.8 0.0 6.0 21,118
MD 82 21,725 326 30 98 15.0 1.4 4.5 28,706
RJ 100 665 5 1 8 7.5 1.1 116 4,372
S2000 188 1 0 1 7.3 0.2 53 1,400
Shorts 360 300 601 3 4 20 5.0 6.7 327 8,427
Total LTO 69,807 973 121 517 139 1.7 7.4 126,313

Table 4.12 Danish international LTO mode fuel use and emission totals

Mode Fuel NOy VOC (6{0) EINOyx EIVOC EICO No. of LTOs
[tonnes] [tonnes] [tonnes] [tonnes] [g/kg] [g/kg] [g/kg]

Approach 17,443 146 21 97 8.4 1.2 5.6

landing

Climb out 25,442 518 7 28 204 0.3 11

Take off 9,851 237 2 8 241 0.2 0.8

Taxiin 8,531 36 45 192 4.2 53 225

Taxi out 8,539 36 45 192 4.2 53 225

Total LTO 69,807 973 121 517 13.9 1.7 7.4 126,313

4.4.3 Fuel use and emissions for cruise

Cruise fuel use, emissions and emission indices calculated for domestic flights
with origin and destination airports in Denmark are listed in table 4.13 and for
the flights between Denmark, Greenland and the Faroe Islands in the tables
4.14 and 4.15, respectively. The same numbers are listed in table 4.18 for
flights leaving Danish airports with foreign destinations.
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Table 4.13 Danish domestic cruise fuel use and emissions

Rep. type Distance Fuel

NOy

VOC

CO

EINOx EIVOC EICO No. of LTOs

[1000 km] [tonnes] [tonnes] [tonnes] [tonnes] [g/kg] [g/kg] [g/kgd]

A310 17 175.2 4.2 0.0 02 237 02 12 145
A320 27 184.9 3.8 0.0 02 204 02 13 231
A330 2 28.3 0.8 0.0 0.1 28.0 11 22 16
B727 71 736.6 6.2 0.5 2.0 8.4 0.7 27 601
B737 100 1 51 0.1 0.0 00 112 11 30 6
B737 400 669 4,159.3 50.6 0.8 12.9 12.2 02 31 7,319
B747 400 0 3.4 0.1 0.0 00 212 14 41 2
B757 0 0.6 0.0 0.0 0.0 286 10 20 1
B767 300 7 83.7 15 0.0 0.2 18.4 02 26 85
ER

BAe146 15 81.9 11 0.0 0.2 12.9 05 21 128
Dash8 400 8 28.1 0.4 0.0 0.2 14.6 00 538 66
DC10-30 1 24.5 0.6 0.1 01 239 49 42 11
DC9 70 486.1 5.3 0.3 13 10.9 07 27 651
F100 1 5.7 0.1 0.0 0.0 129 05 21 9
F28 3 17.9 0.2 0.0 00 124 24 27 28
F50 2,633 6,798.1 86.6 0.0 44.3 12.7 00 65 25,532
MD 82 1,672 14,700.0 250.8 8.0 24.2 17.1 05 16 15,584
RJ 100 130 412.1 3.9 0.3 2.9 9.4 07 71 1,489
S2000 13 39.3 0.4 0.0 0.2 10.9 01 61 183
Shorts 360 1,148 2,308.7 13.5 6.9 42.1 5.9 3.0 182 11,208
300

Total cruise 6,489 30,279.5 430.0 17.3 131.3 14.2 06 43 63,295

Table 4.14 Cruise fuel use and emissions for flights between Denmark and Faroe

islands

Rep. type Distance Fuel NOy VOC CO EINOy EIVOC EICO No.ofLTOs

[1000 km] f[tonnes]  [kg]  [kg] [kg] [g/kg] [g/kg] [g/kg]

B737 400 296 1,637 16,125 163 2,933 9.8 0.1 1.8 424
BAe146 332 1,685 12,589 602 2,003 7.5 0.4 12 462
Dash8 400 6 19 285 0 96 15.1 0.0 5.1 10
F28 3 15 154 24 20 10.0 15 13 5
RJ 100 3 8 64 2 23 7.9 0.3 2.9 5

Table 4.15 Cruise fuel use and emissions for flights between Denmark and Greenland

Rep. type Distance Fuel NOx VOC CO EINOx EIVOC EICO No. of LTOs
[1000 km] [tonnes]  [kg]  [kg]  [kg] [g/kg] [g/kg] [g/kg]
B727 2 15 131 6 24 8.9 0.4 1.7 1
B737 400 22 121 1,134 8 160 9.4 0.1 13 12
B757 179 1,265 17,820 1,216 1,742 14.1 1.0 1.4 98
B767 300 ER 382 3,623 47,235 1,628 4,410 134 0.5 13 205
Dash8 400 16 49 697 0 225 14.2 0.0 4.6 9
F28 32 140 1,331 153 93 9.5 11 0.7 17
MD 82 2 12 135 5 15 11.5 0.4 1.3 1
RJ 100 22 50 376 11 103 7.5 0.2 21 12
Total 632 5,175 68,859 3,028 6,772 13.3 0.6 1.3 355
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Table 4.16 Danish international cruise fuel use and emissions

Rep. type Distance Fuel NOx VOC CO EINOx EIVOC EICO No. of LTOs
[1000 km] [tonnes] [tonnes] [tonnes] [tonnes] [g/kg] [g/kg] [g/kg]

A310 1,782 15,794 217 2 11 13.7 0.2 0.7 2,046
A320 3,628 18,847 269 3 17 143 0.2 09 4,644
A330 278 3,422 49 3 5 143 10 14 176
A340 877 11,626 197 10 13 169 08 11 237
B727 1,747 14,778 135 8 29 9.1 06 20 3,078
B737 100 1,215 6,760 62 5 13 9.2 08 1.9 2,259
B737 400 12,818 71,946 718 8 138 10.0 0.1 1.9 23,992
B747 400 876 16,833 242 6 22 14.4 0.4 1.3 498
B757 822 6,083 96 6 10 15.8 1.0 1.6 1,172
B767 300 11,463 112,274 1,486 55 127 13.2 0.5 1.1 3,666
ER
B777 1 18 0 0 0 192 25 35 3
BAC1-11 108 512 6 0 1 10.8 0.2 1.3 161
BAel46 1,600 8,189 67 3 12 8.2 04 14 3,813
Dash8 400 424 1,335 20 0 7 146 0.0 52 1,379
DC10-30 1,762 28,639 527 33 37 184 11 1.3 1,040
DC9 4,308 25,796 252 16 52 9.8 06 20 10,954
F100 442 2,154 18 1 3 8.5 0.4 1.4 785
F28 882 4,169 45 8 8 107 19 18 2,387
F50 5,075 11,503 137 0 66 11.9 0.0 5.8 21,118
MD 82 13,683 97,845 1,344 49 146 13.7 0.5 1.5 28,706
RJ 100 1,991 4,960 40 2 17 8.1 0.4 34 4,372
S2000 584 1,664 18 0 8 110 0.0 51 1,400
Shorts 360 1,990 3,957 23 9 63 5.9 2.3 1538 8,427
300
Total 68,256 469,106 5,968 229 804 127 05 1.7 126,313

4.4.4 Result summary

Danish international flights stand for almost two third of all flights and have
even larger shares of fuel use and emissions; in total between 80 and almost
90%. This is explained by the presence of larger sized aircraft in service and
longer flying distances. For L'TO the international shares are close to 80% -
due to larger aircraft and more flights — and for cruise around 90% because of
larger aircraft and more and longer flights. Although fuel use and emissions
are only between 1 and 2% in total numbers North Atlantic flights between
Denmark and Greenland/Faroes reveal the same trend by shares as for Danish

4.17 Summary of fuel use and emissions

Fuel NOy VOC CcoO CO; SO, No. of LTOs
[tonnes] [tonnes] [tonnes] [tonnes] [ktonnes] [tonnes]

“otals Denmark, domestic 50,623 710 41 259 159 10 63,295
Denmark-Greenland/Faroes 9,359 110 4 17 29 2 1,261
Denmark, international 538,913 6,941 350 1,321 1,688 108 126,313
Sum 598,895 7,761 395 1,597 1,876 120 190,869

TO Denmark, domestic 20,343 280 24 127 64 4 63,295
Denmark-Greenland/Faroes 821 12 1 6 3 0 1,261
Denmark, international 69,807 973 121 517 219 14 126,313
Sum 90,971 1,265 145 650 285 18 190,869

>ruise  Denmark, domestic 30,280 430 17 131 95 6 63,295
Denmark-Greenland/Faroes 8,539 98 4 12 27 2 1,261
Denmark, international 469,106 5,968 229 804 1,469 94 126,313
Sum 507,924 6,496 250 947 1,591 102 190,869

*The CO, emissions are calculated as L'TO fuel use multiplied with the lower heating value (43,5 MJ/kg) and the fuel
CO, emission factor (72 g CO,/M])
“The SO, emissions are derived from the fuel use by using a mass ratio of 0.02% SO, per fuel unit
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international flights.

Almost one third of all flights are Danish domestic flights. Opposed to
international flights they have more moderate fuel use and emission shares
compared to flight numbers. The reason is the use of smaller aircraft and
shorter trips.

In grand totals the fuel use computed with the new methodology only
amounts to 80% of the jet fuel sold in Danish airports for civil aviation
purposes. Since international flights use almost 97% of all Danish jet fuel
according to fuel sale statistics, variations between fuel sale figures and
computed numbers are quite similar to the differences that appears for this
sector.

Although helicopter operations are excluded by the new methodology, the
smaller calculated fuel use amount and the large domestic fuel use deviation
must primarily be explained by other factors. Many parameters have a
potential effect on the precision of the fuel balance. These are the use of jet
petrol for non-aviation purposes or military flying, fuel tankering and
inaccurate domestic/international energy statistics. Factors which can affect
the actual city-pair estimations are stacking at airports, the omittance of flights
with the same origin and destination airports, model simulation uncertainties
during the cruise flying phase, inaccurate L' T'O-modal timings or
unrepresentative groupings for some of the aircraft into representative types.

4.18 Fuel use and emission shares

Fuel NOy VOC CO CO, SO No.oflLTOs

Totals Denmark, domestic 8.5 9.2 104 16.2 8.5 8.5 33.2
Denmark-Greenland/Faroes 1.6 1.4 1.1 1.1 1.6 1.6 0.7
Denmark, international 90.0 894 885 827 90.0 90.0 66.2
Sum 100.0 100.0 100.0 100.0 100.0 100.0 100.0

LTO Denmark, domestic 224 221 164 196 224 224 33.2
Denmark-Greenland/Faroes 0.9 0.9 0.5 0.9 0.9 0.9 0.7
Denmark, international 76.7 76,9 832 795 76.7 76.7 66.2

100.0 100.0 100.0 100.0 100.0 100.0 100.0

Cruise Denmark, domestic 6.0 6.6 6.9 13.9 6.0 6.0 33.2
Denmark-Greenland/Faroes 1.7 15 15 1.3 1.7 1.7 0.7
Denmark, international 924 919 916 849 924 924 66.2
Sum 100.0 100.0 100.0 100.0 100.0 100.0 100.0

By the end of the present project period the domestic fuel sale figure was only
half of the present inventory’s computed fuel consumption. This difference is
due to inaccurate domestic/international energy statistics where the amount of
fuel sold for international aviation becomes accordingly bigger. After the
finalisation of the present project the fuel sale statistics have been revised
jointly by the DEA and the Ministry of Transport and the domestic fuel sale
figure is now almost equal to the computed fuel consumption in the present
inventory.

In figure 4.1 the North Atlantic flights are classified as international air traffic.
The international cruise emissions of NO_and CO, amount to around 80% of
the Danish aviation totals. Moreover, most of them are injected directly to the
atmosphere by jet aircraft and at flying altitudes between 9 and 11 km. In
these altitude bands the NO_emissions have the most harmful effects. Flying
with turbo-props and the short distanced Danish domestic trips have less
importance to the greenhouse effect. This is due to their limited share of total
fuel burned and their typical flight profiles. The latter trips are flown at
maximum altitudes between 5 and 7 km and for turbo-prop flying in general
the ideel cruise levels are between 6 and 8 km.
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Figure 4.1 Danish aviation emission shares

The domestic VOC and CO totals are very dominated by the high emissions
during the L'TO taxi-phase, see table 4.8. For both domestic and international
flights the ' TO emission shares of VOC and CO become 37 and 41%,
respectively. Danish taxi-time intervals are around 11 mins in Copenhagen
Airport (table 3.1) and five mins in the provincial airports. Both taxi-time
durations are significantly lower than the 26 mins taxi-time in the ICAO L'TO
cycle. This emphasises the importance of using realistic LT O timings; if the
ICAO standard L'TO timings were used the VOC and CO emission factors
would be overestimated, thus leading to even higher L' TO emission
percentages of air traffic emission totals.

4.4.5 Fuel use and emissions for typical flights

A survey of most frequent aircraft used - by representative aircraft type — is
made for typical flights leaving Copenhagen Airport. Small and medium sized
aircraft like F50, B737 and MD82 carries out Inter-European flights. Long
distance flights to e.g. America and Asia are flown with large aircraft such as
B767 and A340.
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Table 4.19 Some international flights from Copenhagen Airport

Region Country Destination Dist. Aircraft type Fuel NO VOC CO EINO, EIVOC EICO
(km] [tonnes]  [kg] kal  [kg] [g/kg]l [g/kg]  [g/kg]
Faroe Islands
Vagar 1,343 B737 400 4.6 46.6 0.7 125 10.1 0.1 2.7
Greenland
Segndre 3,424 B767 300 ER 18.3 253.5 83 244 13.8 0.5 1.3
Strgmfjord
Nordic countries
Finland Helsinki 891 MD 82 4.2 59.7 28 86 142 0.7 2.0
Sweden Stockholm 546 B737 400 23 25.1 0.6 9.8 10.9 0.2 4.2
Norway Oslo 509 MD 82 3.0 45.2 2.3 7.1 15.0 0.8 2.4
Iceland Keflavik 2,143 B737 400 7.0 67.5 0.8 149
Europe
Germany Berlin 343 F50 0.6 6.6 0.0 3.4 11.7 0.0 6.0
Belgium Brussels 754 BAel46 25 20.8 14 7.8 8.3 0.5 3.1
England London 798 B737 400 3.0 324 0.6 10.7 10.7 0.2 35
Austria Vienna 878 MD 82 4.2 59.2 2.8 8.6 14.2 0.7 21
France Paris 1,006 MD 82 4.5 63.2 3.0 9.0 13.9 0.7 2.0
Spain Madrid 2,058 MD 82 7.9 97.6 44 130 123 0.6 1.7
Italy Rome 1,535 MD 82 6.2 79.1 3.7 110 1238 0.6 1.8
Greece Athens 2,137 B737 100 6.7 56.6 43 113 8.4 0.6 1.7
North America
US.A New York 6,202 B767 300 ER 33.3 4384 16.2 39.0 13.2 0.5 1.2
U.S.A Seattle 7,806 B767 300 ER 42.7 569.5 21.0 484 13.3 0.5 1.1
Asia
Japan Tokyo 8,708 B767 300 ER 48.3 652.0 239 539 13.5 0.5 1.1
China Beijing 7,191 B767 300 ER 39.0 517.0 19.1 447 13.2 0.5 1.1
Thailand Bangkok 8,603 B767 300 ER 47.7 642.0 235 533 135 0.5 1.1
Singapore  Singapore 9,962 A340 732 12419 588 914 17.0 0.8 1.2
India New Delhi 5,836 B767 300 ER 31.2 409.1 151 369 131 0.5 1.2
Mediterranean
Spain Palma 1,930 B737 400 6.3 61.5 08 142 9.7 0.1 2.2
(Mallorca)
Spain Gran 3,656 B737 400 11.8 112.0 1.0 19.9 9.5 0.1 1.7
Canaria
Greece Chania 2,524 B737 400 8.2 78.3 0.8 16.1 9.6 0.1 2.0
(Crete)

4.4.6 Fuel use and CO, emissions for different trips and transport modes

To assess the fuel use and CO, emissions for transport modal shifts relevant
data are obtained for one domestic trip and two European trips. Due to scarce
data on occupancy rates for international travels a 100% occupancy rate is
assumed for the four different transport modes in the scenario (private car: 5
persons). Moreover the emission components of NO_, CO, VOC and SO, are
omitted from the present exercise, mainly due to lack of consistent emission
data from power plants outside Denmark producing electricity.

The TEMA2000 model is used to calculate the results for the domestic trip
between Copenhagen and Aalborg (Trafikministeriet, 2000). The model has
incorporated realistic transport route choices, vehicle types and driving
conditions. For aviation TEMAZ2000 is evaluated in more details in paragraph
5.3. More specifically the private car data is valid for an engine size between
1.4 and 2.0 1. and data for a long distance tourist bus represent this transport
category. It is also assumed that both vehicle types comply with the EURO 11
emission technology.
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Table 4.20 Modal shift variations in fuel use and CO, emissions per seat for
three trips

Energy [MJ/seat]

Private car Bus Train MD82
Copenhagen - Aalborg 208.4 85.7 90.5 529.0
Copenhagen - Paris 591.8 198.7 162.8 1,355.5
Copenhagen - Malaga 1,475.5 495.3 479.7 2,759.9
CO: [kg/seat]
Private car Bus Train MD82
Copenhagen - Aalborg 15.3 6.3 6.7 38.1
Copenhagen - Paris 43.4 14.6 19.5 97.6
Copenhagen - Malaga 108.2 36.4 38.4 198.7
Distances [km]
Private car Bus Train MD82
Copenhagen - Aalborg 415 415 469 239
Copenhagen - Paris 1,233 1,233 1,528 1,005
Copenhagen - Malaga 3,074 3,074 3,994 2,470

Other data sources are used to find the results for the two international trips.
For private cars and buses data are taken as background data from the
COPERT III model (Ntziachristos et al., 1999) using trip speeds of 110 and
90 km/h, respectively. The same private car and bus types are used as for the
domestic trip. A query on the present study’s database has provided data for
the trips flown with the MDS82 aircraft type.

Information on international trains as regards locomotive types, electricity
consumption per seat km and distance driven in each country are supplied by
Danish Railways (Neraa, 2000). The electricity use data are listed per seat for
each of the countries: Denmark, Germany, Belgium, France and Spain and
are basically derived from own data (also implemented in TEMA2000) and
the European MEET -project (1999).

For the distance driven in Denmark CO, emission factors for electricity
production are supplied by the Danish Energy Agency (Hansen, 2000). The
international trip sections are simulated by combining data from the
International Energy Agency (IEA, 1999¢) and CO, emission factors for the
combustion of fossil fuels in power plants. IEA provides information on the
quantity of electricity produced per fossil fuel type in Germany, Belgium,
France and Spain and subsequently a fuel conversion efficiency of 40% is
used to estimate the quantity of fossil fuel used specifically for electricity
production.

The private car has high fuel consumption and correspondingly high CO,
emissions per seat compared to the figures for buses and trains. It is
worthwhile to notice that if only two persons made the trips in a private car,
the fuel consumption and CO, emissions for the international trips would be
higher than the figures for the aircraft. The latter vehicle type is without
question the least fuel-efficient means of transportation at full occupancy for
all transport modes. Buses and trains have about similar numbers for energy
use and CO, emissions. Trains are a little more energy efficient, but on the
other hand have slightly higher CO, emissions.

From the numbers it is possible to make other fuel use and CO, scenarios by
alternating the occupancy rates and varying the fuel use and CO, numbers
accordingly. Two persons in a private car and an occupancy rate of 70% for
buses, trains and aircraft give only slightly lower energy use and CO,
emissions per person for international trips in a private car compared with the
aircraft figures. With relatively low numbers buses and trains are still the most
environmentally friendly modes of transport. Since the trip lengths for cars,
buses and trains in particular are considerably longer than those flown by
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aircraft, the figures per person km turn out less environmentally friendly for
the latter transportation type.

Table 4.21 Fuel use and CO, emissions per person and person km for two
persons in a private car and an occupancy rate of 70% for buses, trains and
aircraft

Energy [MJ/person] Energy [MJ/pkm]
Private car Bus Train MD82 Private car Bus Train MD82
Copenhagen — Aalborg 521.1 122.4 129.3 755.8 1.26 0.30 0.28 3.16
Copenhagen — Paris 1479.6 283.8 232.6 1936.5 120 023 0.15 1.93
Copenhagen — Malaga 3688.8 707.5 685.3 3942.7 1.20 0.23 0.17 1.60
CO; [kg/person] CO3 [kg/pkm]
Private car Bus Train MD82 Private car Bus Train MD82
Copenhagen — Aalborg 382 90 96 544 92.1 21.6 204 2278
Copenhagen — Paris 108.5 20.9 279 1394 88.0 16.9 182 138.7
Copenhagen — Malaga 270.5 52.0 54.8 283.9 88.0 16.9 13.7 1149

The impact on fuel use and emission performances if more modern DAC
(Double Annular Combustion) engine types such as CFM56-7B20/2 and
CFM56-7B26/2 (fitted to the new SAS B737-600 and -700 aircraft, - (N4s,
2000) are used in the entire SAS MDSO0 fleet was also analysed. This exercise
only focuses on comparisons for approved ICAO LTO test figures since no
cruise data are available for these two engine types.

Moreover it should be emphasised that ICAO L'T'O fuel flows and emissions
for the different engines in some cases can be substantially different from
observed values when the aircraft/engine combination is actually used in the
airport vicinity. This is mainly due to differences in LT O times-in-modes,
aircraft aerodynamic performance and the actual aircraft take off weight.

Three different engine types are used in the SAS MD8O0 fleet (Klee, 1999).
These are JT8D-209, JT8D-217C and JT8D-219 with almost equal fuel
flows and emission performances (see appendix 4) measured according to the
approved ICAO test procedure. The engines are fitted to 1, 62 and 15
aircraft, respectively. From this distribution of engine types fuel flows,
emission indices and total L' T'O figures are calculated for a generic engine.

Table 4.22 Generic engine for SAS MD8o aircraft fleet

Power setting Time Fuel flow Emission indices [g/kg]
Mode [% Foo] [mins] [ka/s] VOC CO NOy
Take off 100 0.7 1.3270 0.28 0.79 25.91
Climb out 85 2.2 1.0794 0.43 1.23 20.62
Approach 30 4 0.3830 1.60 4.15 9.10
Idle 7 26 0.1366 3.37 12.36 3.68
Total emissions [kg]

Fuel VOC CO NOx
Take off 55.73 0.02 0.04 1.44
Climb out 142.49 0.06 0.17 2.94
Approach 91.91 0.15 0.38 0.84
Idle 213.14 0.72 2.63 0.78
LTO total 503.27 0.94 3.24 6.00

A shift to CFM56-7B20/2 would improve the fuel efficiency with almost 30%
- thus reducing the CO, emissions - and give less than half of the NO_
emission for a full L'T'O cycle. Take off and climb out has the highest NO_
emissions and for these two modes the largest emission reductions are
achieved. Since the NO_emissions decrease for all four L'TO modes, lower
NO, emissions are expected also during cruise and as a consequence the
impact on global warming will be smaller.
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Reversibly the use of the CFM56-7B20/2 engine type would lead to an

increase in VOC and CO emissions of over 40 and 200%, respectively. The
main concern of the two latter emission components is their impact on the
local airport air quality. On the other hand it is the overall experience that the
contribution from aircraft is negligible compared to the emissions from road
vehicles driven on the airport ground and in neighbouring streets.

Table 4.23 Ratio between CFMs56-7B20/2 and SAS MD8o generic engine

Power setting Time Fuel flow Emission indices
Mode VOC CO NOx
Take off 1.00 1.00 0.68 0.25 5.40 0.51
Climb out 1.00 1.00 0.70 0.54 9.28 0.52
Approach 1.00 1.00 0.73 0.23 2.74 1.03
Idle 1.00 1.00 0.75 2.41 4.02 1.02
Total emissions
Fuel VOC CO NOx
Take off 0.68 0.17 3.67 0.35
Climb out 0.70 0.37 6.48 0.37
Approach 0.73 0.16 1.99 0.75
Idle 0.75 1.80 3.00 0.76
LTO total 0.72 1.42 3.08 0.47

Though the fuel efficiency is somewhat lower and the NO_ emission
performance is not as good compared to the CFM56-7B26/2 engine type, in
terms of global warming the environment would still benefit from a shift to the
CFM56-7B26/2 in the SAS MD8O0 fleet. Almost the same increases in VOC
and CO emissions are observed for the two new engine types compared with
the generic engine for the SAS MDSO fleet.

Table 4.24 Ratio between CFMs56-7B26/2 and SAS MD8o generic engine

Power setting Time Fuel flow Emission indices
Mode VOC (60) NOx
Take off 1.00 1.00 0.91 0.11 0.98 0.74
Climb out 1.00 1.00 0.92 0.14 2.05 0.72
Approach 1.00 1.00 0.87 2.96 6.28 0.80
Idle 1.00 1.00 0.83 1.75 3.23 1.16
Total emissions
Fuel VOC Cco NOy
Take off 0.91 0.10 0.88 0.67
Climb out 0.92 0.13 1.88 0.66
Approach 0.87 2.58 5.47 0.70
Idle 0.83 1.44 2.67 0.96
LTO total 0.87 1.51 2.93 0.71
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5 Comparisons

Four comparisons are made to evaluate the results from chapter 4 with other
findings. First of all a comparison is made to the current CORINAIR
methodology results. In this exercise the database for flights is slightly
modified in order to make comparable model runs. Next the results from
chapter 4 are compared with the findings from other aircraft emission
inventories. Then fuel use and emissions for single flights are evaluated with
results from the Danish TEMA2000-model. Finally the present study’s
emission share for IFR flights are related to the total Danish transport
emission budget.

5.1 CURRENT CORINAIR RESULTS

Two modifications of the database for flights presented in chapter 4 have
been made in order to evaluate the new model with the current version. First
of all flights from Denmark bound for Greenland and the Faroe islands are
regarded as international, in order to suit the official fuel sale statistics. Next a
distinction is made between flights from Copenhagen airport and all other
Danish airports to support the current model’s available fuel use and emission
data. The flight database is listed in appendix 5.

To obtain new model results fuel use and emissions were computed with (2)
and (3) as described in chapter 4 — also in terms of representative aircraft

types.

Table 5.1 Danish aviation fuel use and emissions with new CORINAIR methodology

Fuel NOy VOC Cco No of flights
[tonnes] [tonnes] [tonnes] [tonnes]

Domestic Copenhagen LTO 8,994 118 13 66 25,224
Cruise 12,645 181 7 54 25,224

Other airports LTO 11,349 163 11 61 38,071

Cruise 17,635 249 10 77 38,071

Total 50,623 710 41 259 63,295

International Copenhagen LTO 63,546 888 113 468 106,536
Cruise 424,962 5,474 207 674 106,536

Other airports LTO 7,082 97 9 54 21,038

Cruise 52,682 591 26 142 21,038

Total 548,272 7,050 354 1,338 127,574

Grand total 598,895 7,761 395 1,597 190,869

Table 5.2 Danish aviation fuel use and emissions with current CORINAIR

methodology

Fuel NOy VOC CcoO No of flights
[tonnes] [tonnes] [tonnes] [tonnes]

Domestic Copenhagen LTO 7,484 72 6 72 25,224
Cruise 3,780 36 1 6 25,224

Other airports LTO 8,672 94 4 63 38,071

Cruise 5,706 54 2 9 38,071

Total 25,642 257 12 150 63,295

International Copenhagen LTO 59,147 767 101 496 106,536
Cruise 550,290 7,594 825 385 106,536

Other airports LTO 4,792 52 2 35 21,038

Cruise 108,668 1,500 163 76 21,038

Total 722,897 9,913 1,092 993 127,574

Grand total 748,539 10,170 1,104 1,143 190,869
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The allocation of L' T'Os to the current version’s representative aircraft types is
also viewed in appendix 5. The factors for fuel use and emissions are taken
from table 3.4 and the calculation method is explained in chapter 3.

5.1.1 Total differences

In grand totals the fuel use computed with the new methodology only
amounts to 80% of the jet fuel sold in Danish airports for civil aviation
purposes. Almost the same model difference occurs for NO , while the new
methodology calculates 40% more CO and inversely only 36% of the old
VOC emissions estimate. Since international flights use almost 97% of all
Danish jet fuel according to fuel sale statistics, variations in total fuel use and
emission figures between the two methods are almost the same as the
differences that appears for this sector.

A very bad fuel use agreement is obtained for domestic air traffic alone; the
new fuel estimate is almost twice as high as fuel sale numbers. New emission
estimates for national flights are 177, 72 and 236% more for NO_, CO and
VOC, respectively.

The most likely reasons for fuel use deviations are discussed in paragraph
4.4.4,
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Figure 5.1 Difference in percentage between new and current CORINAIR method
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Table 5.3 Ratio between new and old CORINAIR fuel use and emissions
estimates

Fuel NOx vVOC CcOo
[tonnes] [tonnes] [tonnes] [tonnes]
Domestic Copenhagen LTO 1.20 1.63 2.27 0.92
Cruise 3.34 5.03 6.24 8.95
Other airports LTO 131 1.72 2.93 0.97
Cruise 3.09 4.60 5.95 8.45
Total 1.97 2.77 3.36 1.72
International Copenhagen LTO 1.07 1.16 111 0.94
Cruise 0.77 0.72 0.25 1.75
Other airports LTO 1.48 1.86 4.10 1.55
Cruise 0.48 0.39 0.16 1.87
Total 0.76 0.71 0.32 1.35
Grand total 0.80 0.76 0.36 1.40

5.1.2 Differences for LTO

Looking into the differences in L'TO fuel use and emission estimates the most
similar results are obtained for international L' TOs in Copenhagen airport.
This is also the part of the current model where precise details are given in
terms of different aircraft types and LL'T'O times-in-modes. For L'TO the
weakest part of the current methodology regards all domestic air traffic and
international air traffic in the provincial airports. In these inventory categories
the estimates are based on fuel use and emission information for only one
aircraft (Fokker 50) and this data scarcity is reflected in the result deviations.

Appendix 4 displays the number of domestic and international flights from
Copenhagen airport and other Danish airports. Apparently F50 is a little to
small to be the fully representative choice of aircraft, since much flying is
made with the larger jets MD80 and B737 thus influencing the total fuel
consumption. In particular the fuel use is underestimated by the current
model for international L TOs in provincial airports. Here the new
methodology with a detailed fleet mix computes almost 50% more fuel.

Most comparable emission results for the three LT O classes appear for
domestic LTO CO emissions, where the two model estimates are of similar
size. The NO_emissions are over 60% up to almost twice as high for the new
methodology in the three sectors. For VOC the differences are even bigger;
the new estimates are from twice to over four times the emission amount
computed with the current methodology.

5.1.3 Differences for cruise

For cruise the fuel use is found in the current methodology as the difference
between national fuel sale numbers and calculated fuel use for L'TO. The
subdivision in cruise fuel use for flights from Copenhagen Airport and
provincial airports is made according to the total number of flights irrespective
of aircraft type. For domestic flights the aircraft size distributions in
Copenhagen Airport and other airports are in the same range, while the larger
aircraft in general make international flights from Copenhagen Airport. The
latter airport therefore tends to get a too small cruise fuel use amount. This is
displayed in table 5.3. The ratios between old and new international cruise
fuel use totals should be more or less the same for Copenhagen Airport and
the other Danish airports but are remarkably different; the ratios are 0.77 and
0.48, respectively.

5.1.4 Recommendations

Much time is needed to build an aircraft emission inventory following the new
CORINAIR guidelines as explained in chapter 4. Even though it would be
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less time consuming to make an inventory update each year, the working time
required will exceed the amount of time typically available for inventories.
Therefore it is recommended to maintain the current methodology for
national emission reporting. Instead of a shift to the new model version, one
should make an update of the current model’s background data for fuel use
and emissions.

Real improvement of the current version for LT Os - except for international
LTOs in Copenhagen Airport — could be achieved by applying new L' TO fuel
use and emission factors derived from the new methodology as aggregated
figures. For cruise it is recommended to break down the fuel use used by
flights from Copenhagen Airport and other Danish airports according to their
LTO fuel use estimates. This should be done separately for domestic and
international traffic. Also the cruise emission indices should be updated. Both
for domestic and international flights these can be derived from the new
methodology results. The new CORINAIR LL'TO and cruise data can also be
used to make time series estimates of fuel use and emissions since new
aircraft/engine combinations only have a slow speed of penetration in the
aviation sector. All data in current CORINAIR format derived from the new
CORINAIR method are given in table 5.4.

To estimate the fuel use and emissions for international L' TOs in Copenhagen
Airport the current model version should still be used. The differences
between the new and current results are small and the airport can provide
flight data to support the needs of the current model. The flight data describe
the fleet mix each year and are easy to implement in the model. With flight
data from other airports provided by official Danish statistics and by making
some model assumptions — as described in chapter 3 - it is straightforward to
make a complete and consistent Danish inventory.

This study’s findings clarify the need to further scrutinise for which purposes
the aviation fuel is used in Danish Airports. A way to do this is to examine the
most detailed data on aviation fuel delivered to the airports. Also the airport
authorities on aviation fuel supply should be asked and their information
should be verified by analysing other data available. Even though the fuel sale
statistics have been improved after the finalisation of the present project the
present study’s result could be valuable in a crosscheck examination of
statistical data versus model estimates.

A double check on the fuel use from the CORINAIR databank with
experiences from real world operation of aircraft during landing, taxiing, take
off, climb out and cruise flying conditions would also add to more precise fuel
balances in future aircraft emission inventories. T'o make these comparisons
information must be obtained from the airline companies on fuel use figures
for the aircraft most frequently operating from Danish airports.

Table 5.4 Fuel use and emission factors in current CORINAIR format derived from the
new CORINAIR method

Fuel NOy vOC (0] CO;

[kg/LTO]  [kg/LTO] [kg/LTO] [kg/LTO] [kg/LTO]
Domestic Copenhagen LTO 357 4.66 0.50 2.63 1,117
Other airports LTO 298 4.27 1.60 934
International Copenhagen LTO 596 8.33 1.06 4.40 1,868
Other airports LTO 337 4.61 0.41 2.57 1,054

Fuel NOy vOC (0] CO;

[o/kg fuel]  [g/kg fuel] [g/kg fuel]  [kglkg fuel]
Domestic Copenhagen Cruise 14.29 0.56 4.28 3,132
Other airports Cruise 14.14 0.58 4.37 3,132
International Copenhagen Cruise 12.88 0.49 1.59 3,132

Other airports Cruise 11.23 0.50 2.69 3,132




5.2 INTERNATIONAL AIRCRAFT EMISSION INVENTORIES

On a global level three important aircraft emission inventories have been
made for the year 1992. All inventories make use of air traffic movement data,
aircraft/engine combinations in operation and calculate fuel use and emissions
for city-pairs using correspondent great circle distances. Short descriptions of
the emission inventories are given in IPCC (1999).

NASA (Baughcum et al., 1996) makes separate inventories for scheduled jet
and turbo-prop flights, charter flights, domestic air traffic movements in the
Former Soviet Union and China, general aviation (piston-engined aircraft)
and military flights. ANCAT/EC2 (1998) only includes jet aircraft in the
inventory divided into civil and military flights. DILR (Schumann et al., 1997)
use the ANCAT/EC2 database for civil aircraft movements.

Table 5.5 Emission indices from NASA, ANCAT/EC2, DLR and present
study

NASA' ANCAT/EC2 DLR Present study

EINO, 13.0 14.0 14.2 13.0
EICO 5.1 3.72 2.7
EIVOC 2.0 1.33 0.7

" Scheduled and charter flights

The present study’s emission indices are derived from the totals in table 4.20.
The EINO_ found in the present study are slightly smaller than the number
from ANCAT/EC2. This is mostly due to the inclusion of turbo-props and
differences in fleet mix for jet aircraft, since emission data for jets mainly
come from the ANCAT/EC2 inventory. The aircraft in the Danish
CORINAIR inventory tend to be relatively small and flights are mainly short
and medium distances. The NASA findings underpin the above explanation.
NASA also includes turbo-propelled aircraft and computes almost the same
EINQO, as the present study. For VOC and CO the differences in emission
indices lie mainly in the simulation methods behind NASA, DLR, MEET and
FFA. The two latter methods have provided CORINAIR with emission data
for CO and VOC.

5.3 TEMA2000 MODEL RESULTS

Individual model results widely depend on the modelling principles and the
selected engine types, which determine the fuel flows and emission indices to
be used in the simulation procedure. A comparison of results obtained with
different models will inevitably reflect these individual choices. In CORINAIR
the fuel use and emission factors are produced by weighting fuel use and
emission performances for the most frequently used engines worldwide. The
Danish TEMA2000 model' (Trafikministeriet, 2000) uses fuel use and
emissions for domestic flights simulated with the ATEMIS model (Kalivoda
and Feller, 1995). The latter model uses real world flight profiles and one
aircraft/engine combination for each aircraft type. TEMA2000 results for all
domestic flights are listed in appendix 6.

The flight distances in TEMA2000 and the present study’s great circle
distances are almost the same. For fuel use the largest variations in results are
observed for F50; the present study computes about 20% more fuel. In
TEMAZ2000 the F50 simulations are not based on the actual engine fitted to
the aircraft. Instead emission indices (EI) from another engine type is used
together with fuel flow rates for F50. In CORINAIR the actual engine type

1 TEMA2000 is developed for the Danish Ministry of Transport by COW! Consulting
Engineers and Planners
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(PW125B) is used with no VOC emissions reported. Except for F50 — with a
smaller EINO_ in TEMA2000 — the modelled EINO_ have about equal
numbers for all aircraft on both routes.

Table 5.6 Ratio between CORINAIR and TEMA2000 fuel use and El results

Aircraft type Destination Distance Fuel EINO, EIVOC EICO
MD 82 Arhus 95 103 107 78 75
F50 Arhus 95 121 132 0 82
DC9 Arhus 95 92 107 21 29
B737 400/B737 500 Arhus 95 115 110 65 73
B737 400/B737 600 Arhus 95 99 104 39 83
MD 82 Aalborg 99 106 112 78 75
F50 Aalborg 99 122 144 0 91
DC9 Aalborg 99 94 110 24 32
B737 400/B737 500 Aalborg 99 113 116 70 77
B737 400/B737 600 Aalborg 99 102 111 39 82

For CO and VOC the present study’s EI’s are lower and most remarkable are
the deviations for DC9. The EI’s are only one third and one fourth of the
TEMA2000 figures for CO and VOC, respectively. For DC9 several engines
are used in combination in CORINAIR. One of the engines with a minor
share of 8% is behind the DC9 in TEMA2000.

Though a little lower the present study’s CO and VOC EI for B737-400 are
comparable to the numbers for B737-500 and MDS82 in TEMA2000. In
CORINAIR the generic engine is mainly weighting of three engines of which
the engines in TEMA2000 have a 45 and 40% share for B737-500 and
MD82, respectively. The present study’s EIVOC for B737-400 is
substantially lower than the B737-600 index in TEMA2000. The engine in
the latter aircraft is not among the engines used by CORINAIR.

It is recommended to use the TEMA2000 numbers if fuel use and emissions
are evaluated for those domestic trips flown with the aircraft comprised in
TEMA2000. For domestic emission inventories the CORINAIR data should
be used primarily because of data consistency and because CORINAIR
contains data for small jets and turbo-props not present in TEMA2000. The
latter reason fully compensates for the inaccuracy of the results for some
aircraft due to model boundary conditions.

5.4 OTHER TRANSPORT MODES

The present aircraft emission inventory includes both domestic and
international flights but do not encompass all aviation sectors. Piston engined
flights and military aircraft movements are omitted due to lack of emission
data. Moreover, the civil jet fuel use is underestimated by 20% compared with
fuel sales. Bearing this in mind the emission results are compared with the
Danish CORINAIR 1998 emissions from the remaining traffic sectors; road
traffic, railway transport and internal navigation (Illerup et al., 2000). The
latter sector includes the fuel used and the emissions from vessel movements
between domestic ports and all fishing activities. Fuel use and emissions from
international sea transportation are not included in the present exercise.

Road traffic is the most dominant traffic emission source with contributions of

77 and 72% of the total national CO, and NO_ traffic emissions totals. With
13% air traffic has the second largest CO, share of the total traffic emissions
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load. The share would be even bigger - around 17% - if all aviation fuel use
was accounted for.

In terms of NO_ internal navigation has a rather high share of the total traffic
emissions. This sector contributes with 19% of the total traffic emissions,
while air traffic has a share of around 7%. For aviation this share would be
around 10% if the present results comprised all fuel use and emissions. The
CO and VOC emissions are totally dominated by the road traffic emissions,
with shares of 96 and 89% of traffic emission totals, respectively.

@ Road traffic

H Railways
Olnternal navigation
O Air traffic

Figure 5.2 NO, emissions from Danish
transport

O Road traffic

B Railways
Olnternal navigation
OAir traffic

Figure 5.3 CO, emissions from Danish
transoort

Table 5.7 1998 Emissions from aviation (present study) and other
modes

(CORINAIR)

NOx VOC CO CO;
[tonnes] [tonnes] [tonnes] [ktonnes]
Road traffic 76,699 54,892 298,875 11,221
Railways 2,307 161 348 247
Internal navigation 20,105 6,233 11,745 1,151
Air traffic 7,761 395 1,597 1,876
Sum 106,872 61,680 312,564 14,495

NOx VOC CO CO2
Share Road traffic 72 89 96 77
Railways 2 0 0 2
Internal navigation 19 10 4 8
Air traffic 7 1 1 13
Sum 100 100 100 100
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6 Conclusions

This study has shown the feasibility of the new CORINAIR methodology for
making city-pair aircraft emission inventories. Consistent data for individual
flights and general classifications of aircraft types and airports exist together
with fuel use and emission data for representative aircraft types. In this way
EUROCONTROL provides information for individual IFR flights which
correspond to essential data from ICAO on aircraft designators and airport
codes. All data can be combined to build up the inventory system. In order to
make the final grouping of aircraft into representative aircraft additional
aircraft descriptions can be obtained from aircraft directories.

The new CORINAIR data bank consists of fuel use and emissions for several
representative aircraft types. The data available was sufficient to underpin the
fuel use and emission calculations in the inventory - both for L' TO and for
cruise at different flying distances. The established data bank is mainly a result
of international co-operation. Not only in working groups set up in the
CORINAIR framework but also in remote research networks and other
working groups dealing with aircraft emissions. Here experts have
participated, i.e. emission modellers, inventory makers and local airport traffic
managers, together with EU experts.

Much time is needed to build an aircraft emission inventory following the new
CORINAIR guidelines. Even though it would be less time consuming to make
an inventory update each year, the working time required will exceed the time
typically available for inventories. Therefore it is recommended to maintain
the current methodology for national emission reporting. Instead of a shift to
the new model version, one should make an update of the current model’s
background data for fuel use and emissions.

Real improvement of the current version for ' TOs - except for international
LTOs in Copenhagen Airport — could be achieved by applying new L' TO fuel
use and emission factors derived from the new methodology as aggregated
figures. For cruise it is recommended to break down the fuel use between
Copenhagen Airport and other Danish airports according to their L' TO fuel
use estimates. Also the cruise emission indices should be updated. Both for
domestic and international flights these can be derived from the new
methodology results. The new CORINAIR LL'TO and cruise data can also be
used to make time series estimates of fuel use and emissions since new
aircraft/engine combinations only have a slow speed of penetration in the
aviation sector.

It is recommended to use the TEMA2000 numbers if fuel use and emissions
are evaluated for those domestic trips flown with the aircraft comprised in
TEMA2000. For domestic emission inventories the CORINAIR data should
be used primarily because of data consistency and because CORINAIR
contains data for small jets and turbo-props not present in TEMA2000. The
latter reason fully compensates for the inaccuracy in results for some aircraft
due to model boundary conditions.

This study’s findings clarify the need to further scrutinise for which purposes
the aviation fuel is used in Danish Airports. A way to do this is to examine the
most detailed data on aviation fuel delivered to the airports. Also the airport
authorities on aviation fuel supply should be asked and their information
should be verified by analysing other data available. Even though the fuel sale
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statistics have been improved after the finalisation of the present project the
present study’s result could be valuable in a crosscheck examination of
statistical data versus model estimates.

A double check on the fuel use from the CORINAIR databank with
experiences from real world operation of aircraft during landing, taxiing, take
off, climb out and cruise flying conditions would also add to more precise fuel
balances in future aircraft emission inventories. T'o make these comparisons
information must be obtained from the airline companies on fuel use figures
for the aircraft most frequently operating from Danish airports.
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Appendix 1

New CORINAIR fuel use and emission data
for representative aircraft

R



LTO

Rep. aircraft Mode Fuel [kg] NOx[kg] EINO«[g/kg] VOC [g] EIVOC [g/kg] CO[g] EICO [g/kg]
A310 Approach landing 297 2.960 9.958 62 0.209 639 2.149
Climb out 473 12.192 25.802 a7 0.100 269 0.569

Take off 182 5.532 30.368 15 0.080 107 0.590

Taxiin 294 1.256 4266 2,711 9.210 12,414 42.182

Taxi out 294 1.256 4266 2,710 9.207 12,410 42.169

A320 Approach landing 145 1.344 9.242 1,322 9.095 5,580 38.382
Climb out 232 5.450 23.443 23 0.100 581 2.500

Take off 90 2.491 27.709 9 0.099 54 0.600

Taxiin 167 0.775 4.632 284 1.700 5,689 34.006

Taxi out 167 0.775 4.632 284 1.700 5,689 34.006

A330 Approach landing 408 4.309 10.560 85 0.209 938 2.299
Climb out 681 18.464 27.108 41 0.060 279 0.410

Take off 269 9.241 34.380 13 0.049 107 0.399

Taxiin 437 2.057 4.710 987 2.259 10,088 23.095

Taxi out 437 2.057 4.710 987 2.260 10,088 23.095

A340 Approach landing 371 4.054 10.940 371 1.000 1,927 5.200
Climb out 631 18.792 29.784 441 0.699 315 0.500

Take off 245 9.214 37.670 147 0.600 122 0.500

Taxiin 387 1.656 4.280 8,898 23.000 24,104 62.303

Taxi out 387 1.656 4.280 8,896 22.994 24,096 62.284

B727 Approach landing 236 1.509 6.382 331 1.400 2,223 9.400
Climb out 366 5.880 16.067 165 0.450 695 1.899

Take off 145 2.842 19.595 58 0.399 174 1.199

Taxiin 333 1.171 3.520 3,323 9.990 11,640 34.990

Taxi out 333 1.171 3.520 3,323 9.990 11,640 34.990

B737 100 Approach landing 153 0.952 6.207 81 0.530 390 2.540
Climb out 238 3.729 15.652 64 0.269 245 1.030

Take off 94 1.790 19.030 20 0.210 89 0.949

Taxiin 217 0.751 3.461 206 0.950 2,046 9.430

Taxi out 217 0.751 3.461 206 0.950 2,046 9.430

B737 400 Approach landing 147 1.240 8.417 11 0.073 501 3.397
Climb out 225 3.855 17.134 11 0.047 202 0.899

Take off 86 1.591 18.509 3 0.036 77 0.898

Taxiin 184 0.784 4271 321 1.750 5,525 30.106

Taxi out 184 0.784 4271 321 1.750 5,525 30.106

B747 100-300 Approach landing 626 5.348 8.547 312 0.499 1,814 2.899
Climb out 996 30.595 30.715 299 0.300 397 0.399

Take off 387 15.358 39.663 116 0.300 155 0.400

Taxiin 702 2.321 3.304 18,263 26.000 37,936 54.006

Taxi out 702 2.321 3.304 18,263 26.000 37,931 54.000

B747 400 Approach landing 624 5.881 9.424 231 0.370 630 1.010
Climb out 1,043 29.554 28.325 281 0.269 449 0.430

Take off 412 14.872 36.107 161 0.390 243 0.590

Taxi in 661 3.165 4.785 589 0.890 9,087 13.739

Taxi out 661 3.165 4,785 589 0.890 9,088 13.740

B757 Approach landing 226 1.962 8.670 47 0.209 520 2.299
Climb out 371 10.474 28.251 22 0.060 152 0.410

Take off 144 5.193 35.978 7 0.049 58 0.399

Taxiin 256 1.051 4.107 578 2.259 5908 23.095

Taxi out 256 1.051 4.107 578 2.260 5908 23.095
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LTO

Rep. aircraft Mode Fuel [kg] NOx[kg] EINO«[g/kg] VOC [g] EIVOC[g/kg] CO[g] EICO [g/kg]
B767 300 ER  Approach landing 321 3.257 10.135 42 0.130 437 1.360
Climb out 500 13.702 27.392 60 0.120 240 0.479

Take off 195 6.534 33.437 29 0.149 99 0.509

Taxiin 300 1.269 4.228 375 1.250 2,652 8.840

Taxi out 300 1.269 4.228 375 1.250 2,649 8.828

B777 Approach landing 480 5.699 11.873 480 1.000 2,496 5.200
Climb out 818 27.941 34.141 572 0.699 409 0.500

Take off 328 15.010 45.700 197 0.600 164 0.500

Taxiin 468 2.494 5.330 10,764 23.000 29,158 62.303

Taxi out 468 2.494 5.330 10,761 22.994 29,149 62.284

BAC1-11 Approach landing 107 0.575 5.392 770 7.225 2,156 20.228
Climb out 156 2.425 15.583 205 1.320 321 2.060

Take off 61 1.125 18.593 59 0.981 110 1.812

Taxiin 179 0.402 2.242 10,180 56.742 17,578 97.981

Taxi out 179 0.402 2.242 10,180 56.742 17,578 97.980

BAel46 Approach landing 99 0.597 6.030 87 0.878 647 6.536
Climb out 155 1.780 11.472 63 0.409 312 2.009

Take off 60 0.770 12.869 22 0.370 104 1.741

Taxiin 128 0.523 4.097 420 3.290 4,315 33.777

Taxi out 128 0.523 4.097 420 3.290 4,314 33.776

Dash8 400 Approach landing 73 0.835 11.422 0 0.000 273 3.738
Climb out 31 0.548 17.600 0 0.000 59 1.900

Take off 11 0.222 20.400 0 0.000 22 2.000

Taxiin 112 0.792 7.100 0 0.000 1,004 9.000

Taxi out 113 0.803 7.100 0 0.000 1,018 9.000

DC10-30 Approach landing 436 4621 10.587 436 1.000 2,270 5.200
Climb out 717 22.547 31.457 501 0.699 358 0.500

Take off 283 10.892 38.474 170 0.600 142 0.500

Taxiin 472 1.822 3.857 10,865 23.000 29,432 62.303

Taxi out 472 1.822 3.857 10,862 22.994 29,423 62.284

DC9 Approach landing 145 0.871 6.007 80 0.550 402 2.772
Climb out 225 3.409 15.154 63 0.279 259 1.150

Take off 88 1.596 18.155 21 0.240 91 1.030

Taxiin 209 0.694 3.318 305 1.460 2,301 11.000

Taxi out 209 0.694 3.318 305 1.460 2,301 11.000

F100 Approach landing 120 0.615 5.116 105 0.878 785 6.536
Climb out 185 3.111 16.786 76 0.409 372 2.009

Take off 72 1.459 20.281 27 0.370 125 1.741

Taxiin 183 0.304 1.657 604 3.290 6,198 33.777

Taxi out 183 0.304 1.657 604 3.290 6,197 33.776

F28 Approach landing 106 0.610 5.734 742 6.968 2,364 22.212
Climb out 156 2.494 16.016 249 1.601 62 0.400

Take off 61 1.180 19.407 54 0.880 27 0.440

Taxiin 172 0.455 2.650 15,908 92.740 15,135 88.230

Taxi out 172 0.455 2.650 15,908 92.740 15,134 88.229

F50 Approach landing 44 0.447 10.070 0 0.000 166 3.738
Climb out 16 0.269 16.300 0 0.000 31 1.900

Take off 5 0.094 18.300 0 0.000 10 2.000

Taxiin 75 0.537 7.200 0 0.000 671 9.000

Taxi out 75 0.540 7.200 0 0.000 675 9.000
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LTO

Rep. aircraft Mode Fuel [kg] NOx[kg] EINO«[g/kg] VOC [g] EIVOC [g/kg] COJ[g] EICO [g/kg]
MD 82 Approach landing 183 1.599 8.724 291 1.590 746 4.069
Climb out 284 6.177 21.718 119 0.420 341 1.200

Take off 112 2.873 25.737 30 0.270 81 0.729

Taxiin 212 0.847 3.998 737 3.479 2,676 12.628

Taxi out 212 0.847 3.998 737 3.480 2,677 12.633

RJ 100 Approach landing 55 0.369 6.747 15 0.273 187 3.419
Climb out 45 0.453 10.140 3 0.060 0 0.000

Take off 16 0.183 11.610 1 0.060 0 0.000

Taxiin 65 0.246 3.820 255 3.950 2,748 42.600

Taxi out 66 0.252 3.820 261 3.950 2,814 42.600

S2000 Approach landing 55 0.427 7.754 3 0.051 206 3.738
Climb out 20 0.243 11.860 0 0.005 39 1.900

Take off 8 0.112 13.300 0 0.004 17 2.000

Taxiin 81 0.325 4.010 42 0.517 730 9.000

Taxi out 82 0.330 4.010 43 0.517 741 9.000

Shorts 360 300 Approach landing 28 0.132 4.737 83 2.967 549 19.685
Climb out 18 0.127 7.100 2 0.100 73 4.100

Take off 4 0.034 7.700 0 0.000 12 2.600

Taxiin 41 0.123 3.000 766 18.700 3,289 80.300

Taxi out 41 0.124 3.000 775 18.700 3,330 80.300
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Cruise

Rep. aircraft  Distance [nm] Fuel NOx[kg] EINOx [g/kg] VOC [g] EIVOC[g/kg] CO[g] EICO [g/kg]
A310 125 1,270 30 23.71 290 0.23 1,587 1.25
250 2,359 49 20.76 490 0.21 2,651 1.12
500 4,450 64 14.47 763 0.17 3,848 0.86
750 6,541 89 13.55 1,026 0.16 4,913 0.75
1,000 8,632 113 13.11 1,288 0.15 5,977 0.69
1,500 12,992 166 12.78 1,836 0.14 8,193 0.63
2,000 17,441 214 12.28 2,378 0.14 10,345 0.59
2,500 22,159 273 12.32 2,960 0.13 12,678 0.57
3,000 27,135 340 12.53 3,585 0.13 15,206 0.56
3,500 32,223 408 12.67 4,223 0.13 17,790 0.55
A320 125 842 17 20.43 149 0.18 1,096 1.30
250 1,695 27 15.98 267 0.16 1,742 1.03
500 2,858 45 15.79 508 0.18 3,108 1.09
750 3,903 56 14.33 684 0.18 3,571 0.92
1,000 5,225 73 13.98 915 0.18 4,688 0.90
1,500 7,530 99 13.09 1,311 0.17 6,166 0.82
2,000 10,064 130 12.94 1,747 0.17 7,849 0.78
2,500 12,639 159 12.58 2,189 0.17 9,532 0.75
A330 125 1,862 52 27.99 2,006 1.08 4,054 2.18
250 3,631 93 25.72 3,966 1.09 8,244 2.27
500 6,384 105 16.49 6,642 1.04 12,230 1.92
750 9,128 137 15.05 9,223 1.01 15,613 1.71
1,000 11,890 170 14.27 11,819 0.99 19,016 1.60
1,500 17,559 238 13.55 17,150 0.98 26,011 1.48
2,000 23,403 310 13.26 22,642 0.97 33,205 1.42
2,500 29,483 389 13.18 28,360 0.96 40,706 1.38
3,000 35,812 473 13.22 34,309 0.96 48,504 1.35
3,500 42,080 551 13.11 40,161 0.95 55,917 1.33
4,000 48,774 642 13.16 46,454 0.95 64,164 1.32
A340 125 1,813 42 23.37 9,454 5.21 9,199 5.07
250 3,649 77 21.20 20,133 5.52 20,468 5.61
500 6,462 124 19.26 22,438 3.47 24,187 3.74
750 9,291 165 17.75 23,762 2.56 26,201 2.82
1,000 12,181 207 17.02 25,188 2.07 28,292 2.32
1,500 18,113 297 16.38 28,154 1.55 32,478 1.79
2,000 24,260 393 16.19 31,294 1.29 36,883 1.52
2,500 30,676 498 16.23 34,688 1.13 41,442 1.35
3,000 37,095 599 16.14 33,799 0.91 44,567 1.20
3,500 43,854 709 16.16 36,920 0.84 49,366 1.13
4,000 50,875 829 16.29 40,356 0.79 54,349 1.07
4,500 58,059 955 16.44 43,478 0.75 59,412 1.02
5,000 65,650 1,093 16.66 47,123 0.72 64,382 0.98
5,500 73,548 1,245 16.93 51,320 0.70 69,979 0.95
6,000 81,672 1,406 17.22 51,130 0.63 74,399 0.91
B727 125 1,304 11 8.35 907 0.70 3,459 2.65
250 2,342 17 7.21 2,206 0.94 5,869 2.51
500 4,247 43 10.14 2,311 0.54 8,837 2.08
750 6,080 58 9.49 3,072 0.51 11,842 1.95
1,000 8,058 74 9.14 3,746 0.46 14,568 1.81
1,500 12,131 108 8.94 5,279 0.44 20,688 1.71
2,000 16,459 147 891 6,871 0.42 27,075 1.64
2,500 20,825 185 8.89 8,477 0.41 33,515 1.61
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Cruise

Rep. aircraft Distance [nm] Fuel NOx[kg] EINOx [g/kg] VOC [g] EIVOC[g/kg] CO|[g] EICO [g/kg]
B737 100 125 880 10 11.24 955 1.08 2,604 2.96
250 1,576 16 10.42 1,581 1.00 4,207 2.67

500 2,807 26 9.38 2,300 0.82 5,658 2.02

750 4,030 35 8.70 2,961 0.73 6,965 1.73

1,000 5,271 44 8.34 3,587 0.68 8,141 1.54

1,500 7,802 62 7.93 4,854 0.62 10,503 1.35

2,000 10,518 83 7.88 6,266 0.60 13,217 1.26

B737 400 125 778 9 12.17 151 0.19 2,422 3.11
250 1,443 15 10.67 246 0.17 4,005 2.78

500 2,787 29 10.27 329 0.12 5,695 2.04

750 4,135 40 9.78 398 0.10 7,230 1.75

1,000 5,477 52 9.49 451 0.08 8,538 1.56

1,500 8,362 78 9.33 574 0.07 11,467 1.37

2,000 11,342 106 9.36 707 0.06 14,595 1.29

B747 100-300 125 3,151 72 22.73 3,989 1.27 10,324 3.28
250 6,006 125 20.86 7,386 1.23 19,032 3.17

500 10,894 220 20.21 9,287 0.85 24,383 2.24

750 15,782 300 18.98 10,202 0.65 27,573 1.75

1,000 20,671 380 18.40 11,117 0.54 30,763 1.49

1,500 30,757 553 17.97 12,995 0.42 37,320 1.21

2,000 41,005 732 17.85 14,892 0.36 43,956 1.07

2,500 51,841 885 17.08 16,750 0.32 50,620 0.98

3,000 63,148 1,095 17.35 18,856 0.30 57,971 0.92

3,500 74,495 1,295 17.38 20,560 0.28 64,383 0.86

4,000 86,948 1,533 17.64 22,879 0.26 72,478 0.83

4,500 99,852 1,789 17.92 25,271 0.25 80,841 0.81

5,000 113,289 2,069 18.26 27,743 0.24 89,500 0.79

5,500 126,997 2,366 18.63 30,152 0.24 98,080 0.77

B747 400 125 2,929 62 21.19 4,024 1.37 12,070 4.12
250 5,656 111 19.69 7,497 1.33 22,456 3.97

500 10,002 170 17.02 9,317 0.93 28,174 2.82

750 14,349 224 15.63 9,985 0.70 31,292 2.18

1,000 18,695 279 14.92 10,654 0.57 34,410 1.84

1,500 27,519 390 14.19 12,048 0.44 40,741 1.48

2,000 36,865 517 14.04 13,472 0.37 47,442 1.29

2,500 46,078 631 13.69 14,270 0.31 51,972 1.13

3,000 56,175 770 13.71 15,831 0.28 59,208 1.05

3,500 66,486 917 13.79 17,414 0.26 66,597 1.00

4,000 77,387 1,081 13.96 19,097 0.25 74,430 0.96

4,500 88,584 1,254 14.16 20,800 0.23 82,426 0.93

5,000 100,209 1,436 14.33 22,565 0.23 90,726 0.91

5,500 112,151 1,630 14.54 24,050 0.21 97,868 0.87

6,000 124,769 1,843 14.77 25,968 0.21 106,851 0.86

6,500 137,852 2,073 15.04 27,958 0.20 116,190 0.84

B757 125 1,170 34 28.65 1,228 1.05 2,353 2.01
250 2,157 55 2539 2,263 1.05 4,315 2.00

500 3,817 64 16.84 3,869 1.01 6,623 1.74

750 5,471 85 15.62 5,445 1.00 8,804 161

1,000 7,138 106 14.82 6,990 0.98 10,714 1.50

1,500 10,593 151 14.26 10,238 0.97 14,971 1.41

2,000 14,154 198 14.02 13,577 0.96 19,290 1.36

2,500 17,773 237 13.32 16,975 0.96 23,711 1.33
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Cruise

Rep. aircraft Distance [nm] Fuel NOx«[kg] EINOx [g/kg] VOC [g] EIVOC|[g/kg] CO|[g] EICO [g/kg]
B767 300 ER 125 1,413 26 18.40 243 0.17 3,633 2.57
250 2,688 48 17.83 554 0.21 6,454 2.40

500 4,868 77 15.91 1,669 0.34 9,285 1.91

750 7,048 103 14.66 2,785 0.40 11,460 1.63

1,000 9,228 130 14.04 3,901 0.42 13,636 1.48

1,500 13,791 187 1356 6,213 0.45 18,153 1.32

2,000 18,469 247 13.38 8,593 0.47 22,792 1.23

2,500 23,187 294 12.69 11,228 0.48 27,181 1.17

3,000 28,292 362 12.80 13,838 0.49 32,268 1.14

3,500 33,622 436 12.97 16,534 0.49 37,537 1.12

4,000 39,014 510 13.06 19,316 0.50 42,920 1.10

4,500 44,697 592 13.24 22,201 0.50 48,547 1.09

5,000 50,591 680 13.44 25,195 0.50 54,385 1.07

B777 125 2,257 53 23.27 2,103 0.93 8,144 3.61
250 4,472 77 17.28 3,356 0.75 11,960 2.67

500 7,568 155 20.55 27,668 3.66 30,133 3.98

750 10,664 197 18.51 29,251 2.74 32,369 3.04

1,000 13,801 240 17.41 30,830 2.23 34,599 2.51

1,500 20,014 321 16.05 32,147 1.61 38,640 1.93

2,000 26,663 418 15.68 35,450 1.33 43,362 1.63

2,500 33,464 518 15.48 38,001 1.14 47,472 1.42

3,000 40,580 630 1551 41,703 1.03 52,555 1.30

3,500 47,732 739 15.49 43,307 0.91 57,151 1.20

4,000 55,341 856 15.47 47,220 0.85 62,545 1.13

4,500 63,201 991 15.68 51,275 0.81 68,115 1.08

5,000 71,092 1,114 15.67 52,278 0.74 72,577 1.02

5,500 79,505 1,262 15.88 56,533 0.71 78,534 0.99

6,000 88,130 1,419 16.10 58,548 0.66 83,441 0.95

BAC1-11 125 712 10 13.86 176 0.25 1,424 2.00
250 1,401 16 11.19 283 0.20 2,176 1.55

500 2,429 27 11.24 533 0.22 3,890 1.60

750 3,513 38 10.72 653 0.19 4,464 1.27

1,000 4,598 49 10.56 772 0.17 5,038 1.10

1,500 6,960 74 10.58 1,052 0.15 6,506 0.93

2,000 9,478 102 10.76 1,352 0.14 8,108 0.86

BAel146 125 676 9 12.91 353 0.52 1,439 2.13
250 1,291 13 10.02 590 0.46 2,370 1.84

500 2,555 20 7.70 973 0.38 3,449 1.35

750 3,805 28 7.45 1,351 0.35 4,463 1.17

1,000 5,083 37 7.34 1,729 0.34 5,443 1.07

1,500 7,701 56 7.29 2,515 0.33 7,522 0.98

Dash8 400 125 429 6 14.57 0 0.00 2,541 5.92
250 810 12 14.47 0 0.00 4,316 5.33

500 1,333 23 16.93 0 0.00 7,760 5.82

750 2,323 33 14.31 0 0.00 11,147 4.80

1,000 3,079 44 14.24 0 0.00 14,469 4.70
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Cruise

Rep. aircraft Distance [nm] Fuel NOx[kg] EINOx [g/kg] VOC [g] EIVOC[g/kg] CO|[g] EICO [g/kg]
DC10-30 125 2,346 56 23.89 11,533 4.92 9,920 4.23
250 4,423 92 20.82 20,572 465 18,632 4.21

500 8,106 164 20.19 23,313 2.88 22,664 2.80

750 11,789 224 19.01 25,270 2.14 25,258 2.14

1,000 15,472 286 18.46 27,227 1.76 27,853 1.80

1,500 23,095 416 18.01 31,244 1.35 33,223 1.44

2,000 30,837 547 17.74 31,519 1.02 37,684 1.22

2,500 39,111 676 17.29 35,440 0.91 43,348 1.11

3,000 47,980 845 17.60 39,787 0.83 49,182 1.03

3,500 57,071 1,017 17.82 42,913 0.75 55,241 0.97

4,000 66,657 1,209 18.13 48,116 0.72 61,950 0.93

4,500 76,653 1,416 18.48 53,012 0.69 68,607 0.90

5,000 87,017 1,636 18.80 55,415 0.64 75,761 0.87

DC9 125 868 9 10.93 621 0.72 2,380 2.74
250 1,602 16 10.17 1,098 0.69 3,970 2.48

500 2,939 29 9.75 1,828 0.62 5,507 1.87

750 4,191 38 9.08 2,472 0.59 6,780 1.62

1,000 5,614 50 8.93 3,198 0.57 8,270 1.47

1,500 8,479 74 8.75 4,646 0.55 10,976 1.29

2,000 11,478 101 8.77 6,180 0.54 14,075 1.23

F100 125 723 9 12.91 377 0.52 1,537 2.12
250 1,334 14 10.65 654 0.49 2,739 2.05

500 2,468 22 8.95 997 0.40 3,728 1.51

750 3,541 28 7.83 1,326 0.37 4,630 1.31

1,000 4,735 35 7.33 1,674 0.35 5,498 1.16

1,500 7,052 48 6.81 2,371 0.34 7,351 1.04

F28 125 691 9 12.54 1,682 2.43 1,851 2.68
250 1,223 13 10.94 3,105 254 3,333 2.73

500 2,318 24 10.56 4,080 1.76 3,704 1.60

750 3,320 33 9.90 4,955 1.49 4,055 1.22

1,000 4,509 43 9.63 5,843 1.30 4,256 0.94

1,500 6,653 63 9.54 7,674 1.15 4,946 0.74

F50 125 324 4 12.76 0 0.00 2,120 6.54
250 563 7 11.90 0 0.00 3,231 5.74

500 1,049 12 11.42 0 0.00 5,449 5.19

750 1,539 17 11.33 0 0.00 7,627 4.96

1,000 2,038 23 11.32 0 0.00 9,821 4.82

MD 82 125 1,100 19 17.11 601 0.55 1,807 1.64
250 2,108 32 15.20 1,167 0.55 3,491 1.66

500 3,561 50 13.96 1,803 0.51 5,328 1.50

750 4,910 62 12.69 2,381 0.48 6,981 1.42

1,000 6,467 79 12.26 3,027 0.47 8,816 1.36

1,500 9,520 111 11.61 4,294 0.45 12,415 1.30

2,000 12,736 146 11.48 5,648 0.44 16,273 1.28

RJ 100 125 397 4 9.37 290 0.73 2,851 7.18
250 692 6 8.70 328 0.47 3,118 451

500 1,231 10 8.07 427 0.35 4,022 3.27

750 1,780 14 7.83 527 0.30 4,882 2.74

1,000 2,338 18 7.71 627 0.27 5,749 2.46
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Cruise

Rep. aircraft Distance [nm] Fuel NOx[kg] EINOx [g/kg] VOC [g] EIVOC[g/kg] CO|[g] EICO [g/kg]
S2000 125 381 4 10.88 54 0.14 2,343 6.15
S2000 250 727 8 11.00 55 0.08 3,946 5.43
S2000 500 1,417 16 11.00 60 0.04 7,087 5.00
S2000 750 2,109 23 10.95 65 0.03 10,195 4.83
S2000 1,000 2,794 30 10.91 72 0.03 13,202 4.73
Shorts 360 300 100 202 1 5.91 651 3.22 3,835 18.98
Shorts 360 300 125 251 1 5.81 734 292 4,518 18.00
Shorts 360 300 250 496 3 591 1,141 230 7,886 15.90
Shorts 360 300 500 992 6 5.97 1,942 1.96 14,563 14.68
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Appendix 2

Fleet percentage of engines fitted for
representative aircraft
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Fleet percentage of engines fitted for long haul aircraft

Engine

A31
0

A33
0

A34
0

B747
100-300

B474
400

B767
300

B77

DC10

GE CF6 50C

11.0

GE CF6 50C1, 50C2,
50E2

17.6

34.1

GE CF6 50C2R

2.6

GE CF6 6D

15.0

GE CF6 6D1A

3.0

GE CF6 6D1K

11.5

GE CF6 80A

14.4

GE CF6 80A2

13.2

GE CF6 80A3

23.0

GE CF6 80C (80C2A1L)

0.5

GE CF6 80C2A2

36.9

GE CF6 80C2A8

4.2

GE CF6 80C2B1F

44.3

GE CF6 80C2B2

1.2

8.2

GE CF6 80C2B4

11

GE CF6 80C2B6

3.9

GE CF6 80C2B6F

114

GE CF6 80C2D1F

3.7

7.5

PW 4052

PW 4056

29.2

0.5

PW 4060

2.5

PW 4152

16.6

16.0

PW 4156A

14

PW 4460

5.4

PW JTOD 59A

4.9

PWJTOD 7, 3A

4.3

PWIJTO9D 7A, 20

31.1

51

PWJT9D 7F

4.4

PW JT9D 7FW (7F mod
V1)

1.0

PWJT9D 7Jand 20J

55

PWJTO9D 7Q and 7W
(70A)

16.9

PWJT9D 7R4D and D1

2.3

16.7

PWJTOD 7R4E1

15.7

3.0

PWJTOD 7R4E4

1.1

PWJT9D 7R4G2

11.6

RR RB211 524B2

0.2

RR RB211 524C2

3.1

RR RB211 524D4

3.2

RR RB211 524G

21.9

RR RB211 524H2

4.7

3.9

RR Trent 772

100
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Fleet percentage of engines fitted for short and medium haul aircraft

Engine A320 B727 B737100 [ B737400 B757 DC9 MD82-88
CFM 56 5A1 70.1
CFM 56 5A3, 5B4 3.6
CFM 56 B1 (3B1) 45.4
CFM 56 B2 (3B2) 36.9
CEM 56 C2 (3C1) 17.5
PW 2037 39.4
PW 2040 9.7
PWJT8D 7, 7A And 7B 7.9 7.2 44.3
PWJT8D 9, 9A 25.3 31.3 0.1 33.2
PWJT8D 11 8.4
PWJT8D 15 46.6 21.8 0.1 9.0
PWJT8D 15A, 15Q 0.2 15.4
PWJT8D 17 9.8 13.1 4.3
PWJT8D 17A 0.5 11.2 0.8
PWJT8D 17C, 17AR 7.6
PWJT8D 209 3.4
PWJT8D 217 1.2 56.9
PWJT8D 219 39.7
RB211-535C 8.9
RB211-535E4, 535E4B 42.0
V2500 Al 26.3

308 1323 1073 987 452 645 1040

Fleet percentage of engines fitted for regional aircraft

Engine BAll | BA46 F28 | F100 | F50 [ RJ Dash | S200 | Shorts
100 | 8400 | O 360300

LY LF502 R3A 2.2

LY LF502 R5, 510 90.7

LY LF507 1H 6.6

RR Spey 506-14 (555) | 99.4 73.4

RR Spey 555 15P 26.6

RR Tay 620-15 154

RR Tay 650-15 0.6 84.6

ALF502 L-2

CF34 3A

JT15D 1

JT15D 4

JT15D 5

Spey 511-11H

Tay 611-8

TFE731 2

TFE731 2

PW125B

PW150A

AE2100A

PW PT6A-67R

N e €t £ "=~ ann ~Aan A oa a a a a ]
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Appendix 3

Representative aircraft types for turboprops
and jets
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Turboprops

ICAO-code Categor | No. of LTOs I”TOW Rep. type
C208 {1T 356 3.3 Shorts360 300
TBM7 L1T 19 3 Shorts360 300
PC12 L1T 10 4.5/ Shorts360 300
PC6T L1T 8 2.2 Shorts360 300
PC7 L1T 3 3 Shorts360 300
DH2T L1T 2 2.4 Shorts360 300
TUCA L1T 1 3 Shorts360 300
F50 L2T 30324 20.8 F50

ATR L2T 14392 18.6 F50
SHD3 L2T 6219 12.3  Shorts360 300
JSTA L2T 2559 7  Shorts360 300
E110 L2T 1880 5.7 Shorts360 300
BE20 L2T 1819 5.7 Shorts360 300
SW3 L2T 1199 5/ Shorts360 300
F27 L2T 1181 20.4 F50
DHCS8 L2T 1071 27.3 Dash8 400
JSTB L2T 908 10.4  Shorts360 300
ATP L2T 884 22.9 Saab2000
SC7 L2T 708 5.7 Shorts360 300
SB20 L2T 699 22.8 Saab2000
SF34 L2T 561 12.4  Shorts360 300
JS31 L2T 492 7  Shorts360 300
B190 L2T 480 7.5 Shorts360 300
F406 L2T 442 3.3 Shorts360 300
AN26 L2T 375 21 F50
CVLT L2T 330 25.9 F50
B350 L2T 277 6.8 Shorts360 300
E120 L2T 235 11.5 Shorts360 300
BESL L2T 205 4.2/ Shorts360 300
PA42 L2T 205 5.1 Shorts360 300
JS41 L2T 170 10.9 Shorts360 300
N262 L2T 154 10.7  Shorts360 300
P31T L2T 99 4.1/ Shorts360 300
A748 L2T 93 12.1  Shorts360 300
L410 L2T 90 6.6 Shorts360 300
BEOST L2T 76 4.2/ Shorts360 300
D228 L2T 74 5.7 Shorts360 300
AC6T L2T 60 5/ Shorts360 300
MU2 L2T 51 4.1/ Shorts360 300
BE30 L2T 44 5.7 Shorts360 300
PAY3 L2T 35 5.1  Shorts360 300
C212 L2T 30 6.3 Shorts360 300
C425 L2T 28 3.7 Shorts360 300
AN24 L2T 15 21 F50
BE10 L2T 15 5.4 Shorts360 300
G222 L2T 10 20 F50

F60 L2T 9 20 F50
C441 L2T 8 3.7 Shorts360 300
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DHC6 L2T 7 4.8 Shorts360 300
D328 L2T 6 14 Shorts360 300
AN28 L2T 3 6.5 Shorts360 300
E121 L2T 3 5 Shorts360 300
G159 L2T 3 20 F50
P180 L2T 3 5 Shorts360 300
P68T L2T 3 5 Shorts360 300
ATLA L2T 2 20 F50
CN35 L2T 2 20 F50

SW2 L2T 2 5 Shorts360 300
STAR L2T 1 5 Shorts360 300
C130 LAT 267 70.3 Dash8 400
L188 LAT 101 52.7 Dash8 400
P3 LAT 14 63 Dash8 400
AN12 L4T 9 61 Dash8 400
IL18 L4T 2 64 Dash8 400
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Jets

ICAO-code | Category| No.of LTOs MTOW | Rep.type

A7 L1J 2 10 RJ 100
L39 L1J 1 5 RJ 100
MD80 L2J 44291 64 MD82-88
B73B L2J 24390 63 B737-400
DC9 L2J 11577 55 DC9
MD90 L2J 5180 63 B737-400
A320 L2J 4875 73.5 A320
B767 L2J 3956 182 B767-300ER
B73A L2J 2265 52 B737-100
B73C L2J 2177 63 B737-400
A300 L2J 1781 142 A310
C500 L2J 1599 5.2 RJ 100
B757 L2J 1243 116 B757
F28 L2J 1224 33 F28
F70 L2J 1058 38 F28
E145 L2J 615 21 RJ 100
F100 L2J 583 43 F100
C650 L2J 517 10.2 RJ 100
CARJ L2J 430 24 RJ 100
S601 L2J 388 6.6 RJ 100
CL60 L2J 286 18 RJ 100
A310 L2J 281 142 A310
C560 L2J 268 9.1 RJ 100
LJ35 L2J 260 8.3 RJ 100
FA20 L2J 240 13 RJ 100
T134 L2J 211 45 F100
H25B L2J 202 10.6 RJ 100
BA1ll L2J 161 40 BAC1-11
GULF L2J 147 31.6 F28
FA10 L2J 88 8.5 RJ 100
LJ55 L2J 75 9.5 RJ 100
TOR L2J 67 10 RJ 100
AJET L2J 34 10 RJ 100
LJ31 L2J 29 7.7 RJ 100
H25A L2J 25 10.6 RJ 100
SBO05 L2J 20 5 RJ 100
C525 L2J 18 4.7 RJ 100
ASTR L2J 13 10.7 RJ 100
LJ60 L2J 9 10.7 RJ 100
JAGR L2J 7 10 RJ 100
CNBR L2J 6 10 RJ 100
VF14 L2J 5 10 RJ 100
C750 L2J 4 16.2 RJ 100
LJ24 L2J 4 6.1 RJ 100
B777 L2J 3 247 B777
A10 L2J 2 10 RJ 100
LJ25 L2J 2 5 RJ 100
P808 L2J 2 10 RJ 100
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BE40
H25C
LJ45
WW24
B727
DC10
YK40
T154
MD11
L101
FA50
F900
YK42
BA46
B74A
A340
B74B
DC8
B74S
IL62
B707
IL76
C5
Cl41
IL86
Al24
E3
C17
L29B
VC10

L2J
L2J
L2J
L2J
L3J
L3J
L3J
L3J
L3J
L3J
L3J
L3J
L3J
L4J
L4J
L4J
L4J
L4J
L4J
L4J
L4J
L4J
L4J
L4J
L4J
L4J
L4J
L4J
L4J
L4J

I

3315
77
411
365
274
192
150

94
28

4402
270
158
156
129

NN W~
B o G

P PP W w o o N

10
10
10
10
95
259
16
90
273
211
17.6
20.6
57
42
362
275
362
152
362
162
117
190
275
275
275
275
362
275
42
275

RJ 100
RJ 100
RJ 100
RJ 100
B727
DC10
RJ 100
B727
DC10
A330
RJ 100
RJ 100
DC9
BAel46
B747-400
A340
B747-400
A310
B747-400
A340
B757
A340
A340
A340
A340
A340
B747-400
A340
BAel46
A340
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Appendix 4

ICAO fuel flows and emission indices for
selected engines

83



Motor id: JT8D-217C Power Time  Fuel flow Emission indices [g/kg]
setting
Mode [% Foo] [mins] [kg/s] HC CO NO,
Take off 100 0.7 1.32 0.28 0.80 25.70
Climb out 85 2.2 1.078 0.43 1.23 20.60
Approach 30 4 0.3833 1.60 4.17 9.10
Idle 7 26 0.1372 3.33 12.27 3.70
Total emissions [kg]
Fuel HC CO NO,
Take off 55.44 0.02 0.04 1.42
Climb out 142.296 0.06 0.18 2.93
Approach 91.992 0.15 0.38 0.84
Idle 214.032 0.71 2.63 0.79
LTO total 503.76 0.94 3.23 5.99
Motor id: JT8D-219 Power Time  Fuel flow Emission indices [g/kg]
setting
Mode [% Foo] [mins] [kg/s] HC CO NO,
Take off 100 0.7 1.354 0.27 0.73 27.00
Climb out 85 2.2 1.085 0.42 1.20 20.80
Approach 30 4 0.3817 1.59 4.07 9.13
Idle 7 26 0.1344 3.48 12.63 3.60
Total emissions [kg]
Fuel HC CO NO,
Take off 56.868 0.02 0.04 1.54
Climb out 143.22 0.06 0.17 2.98
Approach 91.608 0.15 0.37 0.84
Idle 209.664 0.73 2.65 0.75
LTO total 501.36 0.95 3.23 6.11
Motor id: JT8D-209 Power Time  Fuel flow Emission indices [g/kg]
setting
Mode [% Foo] [mins] [kg/s] HC CO NO,
Take off 100 0.7 1.354 0.35 1.03 22.80
Climb out 85 2.2 1.085 0.50 1.40 19.00
Approach 30 4 0.3817 1.69 4.37 8.80
Idle 7 26 0.1344 4.03 14.10 3.50
Total emissions [kg]
Fuel HC CO NO,
Take off 56.868 0.02 0.06 1.30
Climb out 143.22 0.07 0.20 2.72
Approach 91.608 0.15 0.40 0.81
Idle 209.664 0.84 2.96 0.73
LTO total 501.36 1.09 3.62 5.56

QA




Motor CFM56-7B20/2 Power Time  Fuel flow Emission indices [g/kg]
id: setting
Mode [% Foo] [mins] [kg/s] HC CO NO,
Take off 100 0.7 0.903 0.07 4.26 13.25
Climb 85 2.2 0.754 0.23 11.38 10.81
out
Approac 30 4 0.278 0.36 11.37 9.39
h
Idle 7 26 0.102 8.11 49.71 3.75
Total emissions [kg]

Fuel HC CO NO,
Take off 37.926 0.00 0.16 0.50
Climb 99.528 0.02 1.13 1.08
out
Approac 66.72 0.02 0.76 0.63
h
Idle 159.12 1.29 7.91 0.60
LTO 363.294 1.34 9.96 2.80
total
Motor CFM56-7B26/2 Power Time  Fuel flow Emission indices [g/kg]
id: setting
Mode [% Foo] [mins] [kg/s] HC CcO NO,
Take off 100 0.7 1.203 0.03 0.77 19.20
Climb 85 2.2 0.989 0.06 251 14.77
out
Approac 30 4 0.334 4.73 26.07 7.26
h
Idle 7 26 0.113 5.88 39.93 4.27

Total emissions [kg]

Fuel HC CO NO,
Take off 50.526 0.00 0.04 0.97
Climb 130.548 0.01 0.33 1.93
out
Approac 80.16 0.38 2.09 0.58
h
Idle 176.28 1.04 7.04 0.75
LTO 437.514 1.43 9.50 4.23

total

QR
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Appendix 5

Data for previous CORINAIR methodology
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No. of domestic LTO’s in Copen-

hagen Airport

ICAO-code No. of LTO's Category MTOW Rep. Type
MD80 6632 L2J 64 md8l
B73B 2077 L2J 63 b737
DC9 297 L2J 55 50
B73C 166 L2J 63 b737
A320 111 L2J 73,5 ea320
C500 105 L2J 52 sf34
A300 71 L2J 142 ea300
S601 42 L2 6,6 sf34
CL60 40 L2 18 150
C650 37 L2 10,2 sf34
LJ35 37 L2 83 sf34
B767 35 L2J 182 b767
C560 24 L2J 91 sf34
FA20 22 L2J 13 sf34
H25B 12 L2J 10,6 sf34
LJ55 8 L2J 95 sf34
F28 6 L2J 33 50
MD90 5 L2 63 md8l
B73A 2 L2 52 b737
GULF 2 L2 31,6 150
A310 1 L2 142 ea310
FAL10 1 L2 85 sf34
B727 322 L3J 95 b727
FAS50 14 L3J 17,6 150
F900 11 L3J 20,6 150
L101 11 L3J 211 dcl0
DC10 4  L3J 259 dcl0
T154 2 L3J 90 b727
BA46 6 L4 42  ba46
C208 107 LAT 3,3 sf34
ATR 5815 L2T 18,6 150
F50 4946  L2T 20,8 150
SHD3 2018 L2T 12,3 sf34
E110 864 L2T 57 sf34
JSTA 567 L2T 7 sf34
SC7 310 L2T 57 sf34
CVLT 147 L2T 259 150
JS31 73 L2T 7 s34
N262 66 L2T 10,7 sf34
SW3 60 L2T 5 sf34
B350 55 L2T 6,8 sf34
A748 21  L2T 12,1 sf34
ATP 15 L2T 22,9 150
B190 15 L2T 75 sf34
F27 10 L2T 204 150
C212 8 L2T 6,3 sf34
E120 8 L2T 115 sf34
BE20 5 L2T 57 sf34
JSTB 3 L2T 104 sf34
MU2 3 L2T 4,1 sf34
BESL 2 L2T 42 sf34
BEOT 1 L2T 4,2 s34
F406 1 L2T 3,3 sf34
PA42 1 L2T 51 sf34
TAtal N2ENNDA
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No. of international LTO'’s in Copen-

hagen Airport

ICAO-code No. of LTO's Category MTOW Rep. Type
MD80 28192 L2J 64 mdsl
B73B 11218 L2J 63 b737
DC9 10037 L2J 55 dc9
MD90 5168 L2J 63 mdsl
A320 3989 L2J 73,5 ea320
B767 3635 L2J 182 b767
B73A 2251 L2J 52 b737
A300 1436 L2J 142 ea300
F28 1208 L2J 33 50
B757 1133 L2J 116 b757
F70 1048 L2J 38 f100
B73C 1006 L2J 63 b737
E145 615 L2J 21 f50
F100 581 L2J 43 f100
CARJ 411 L2J 24 {50
A310 269 L2J 142 ea310
T134 167 L2J 45 100
BAll 161 L2J 40 ball
C500 148 L2J 52 sf34
CL60 109 L2 18 50
S601 101 L2 6,6 sf34
LJ35 91 L2J 8,3 sf34
C650 56 L2J 10,2 sf34
GULF 47 L2J 31,6 50
H25B 46  L2J 10,6 sf34
C560 26 L2J 9,1 sf34
FA20 22 L2] 13  sf34
LJ55 20 L2J 95 sf34
FA10 6 L2J 85 sf34
LJ31 6 L2J 7,7 sf34
B777 3 L2 247 dclo
C525 3 L2 47 sf34
LJ60 2 L2 10,7 sf34
AN72 1 L2 10 sf34
ASTR 1 L2 10,7 sf34
C750 1 L2 16,2 {50
H25A 1 L2 10,6 sf34
B727 2413 L3J 95 b727
DC10 489 L3J 259 dclo
T154 321 L3J 90 b727
MD11 270 L3J 273 mdll
L101 137  L3J 211 dclo
FA50 35 L3J 176 150
YK42 27 L3J 57 dc9
F900 16 L3J 20,6 50

YK40 2 L3J 16 150




No. of international LTO’s in Copen-

hagen Airport
ICAO-code No. of LTQO's Category MTOW Rep. Type
BA46 3577 L4J 42  bad6
B74A 255 L4 362 b747
A340 158 L4J 275 mdll
B74B 153 L4 362 b747
DC8 129 L4 152 ea3l0
B74S 71 L4 362 b747
IL62 35 L4 162 ea300
B707 5 L4 117 b757
IL86 5 L4 275 mdll
IL76 4 14 190 ea300
Al24 3 L4 275 mdll
L29B 1 L4 42  bad6
C208 3 LIT 3,3 sf34
F50 17075 L2T 20,8 50
ATR 2365 L2T 186 50
SHD3 1443 L2T 12,3 sf34
DHC8 1059 L2T 27,3 150
SB20 695 L2T 22,8 50
AN26 339 L2T 21 50
SF34 244  L2T 12,4 sf34
JSTA 183 L2T 7 sf34
F27 173 L2T 204 50
E110 106 L2T 57 sf34
E120 88 L2T 115 sf34
JS31 88 L2T 7 sf34
BE20 55 L2T 57 sf34
SW3 47 L2T 5 sf34
A748 22 L2T 12,1 sf34
MU2 18 L2T 4,1 sf34
ATP 15 L2T 229 50
N262 9 L2T 10,7 sf34
SC7 9 L2T 57 sf34
BE30 8 L2T 57 sf34
CVLT 8 L2T 259 50
BE10 7 L2T 54 sf34
C425 5 L2T 3,7 sf34
B350 4 L2T 6,8 sf34
BESL 4 L2T 42 sf34
C212 4 L2T 6,3 sf34
JSTB 4 L2T 10,4 sf34
AC6T 2 L2T 5 sf34
C441 2 L2T 3,7 sf34
D328 2 L2T 14 sf34
P31T 2 L2T 4,1 sf34
PA42 2 L2T 51 sf34
AN28 1 L27 6,5 sf34
F406 1 L2T 3,3 sf34
L410 1 L2T 6,6 sf34
L188 54  LAT 52,7 1188
AN12 9 L4T 61 b737
6 LAT 70,3 ea320

C130

a0



No. of flights from Copenhagen Airport
bound for Greenland

ICAO-code No. of LTO's Category MTOW Rep. Type

B767 204 L2J 182 b767
B757 97 L2J 116 b757
B73B 6 L2J 63 b737
B73C 5 L2J 63 b737
ASTR 1 L2 10,7 sf34
CL60 1 L2 18 f50
MD80 1 L2J 64 mdsl
B727 1 L3J 95 b727
FA50 1 L3J 17,6 50
Total 317

No. of flights from Copenhagen Airport
bound for Faroe Islands

ICAO-code No. of LTO's Category MTOW Rep. Type

B73B 308 L2J 63 b737
C650 1 L2 10,2 sf34
BA46 427 14D 42  ba46

736
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No. of domestic LTO’s in other

Danish airports

ICAO-code No. of LTO's Category MTOW Rep. Type
C208 161 L1T 3,3 sf34
PC12 1 L1T 45 sf34
PC6T 1 LT 22 sf34
TBM7 1 L1T 3 sf34
F50 8111 L2T 20,8 50
ATR 5870 L2T 18,6 150
SHD3 2017 L2T 12,3 sf34
BE20 1022 L2T 57 sf34
JSTA 977 L2T 7 sf34
E110 887 L2T 57 sf34
F27 509 L2T 204 50
SW3 451 L2T 5 sf34
SC7 361 L2T 57 sf34
B190 259 L2T 75 sf34
JS31 172 L2T 7 sf34
ATP 168 L2T 229 50
F406 157 L2T 3,3 sf34
CVLT 115 L2T 259 50
B350 79 L2T 6,8 sf34
JSTB 74 L2T 10,4 sf34
BESL 67 L2T 42 sf34
N262 66 L2T 10,7 sf34
E120 56 L2T 115 sf34
BEOT 54 L2T 42 sf34
PA42 45 L2T 51 sf34
P31T 28 L2T 4,1 s34
L410 23 L2T 6,6 sf34
A748 21 L2T 12,1 sf34
AC6T 14 L2T 5 sf34
AN26 8 L2T 21 150
C212 6 L2T 6,3 sf34
MuU2 6 L2T 4,1 sf34
Js41 5 L2T 10,9 sf34
DHC8 4 L2T 27,3 50
PAY3 4 L2T 51 sf34
BE30 3 L2T 57 sf34
C425 2 L2T 3,7 sf34
G159 1 L2T 20 150
L188 45 LAT 52,7 1188
C130 17  LAT 70,3 ea320
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No. of domestic LTO’s in other
Danish

airports

ICAO-code No. of LTO's Category MTOW Rep. Type
MD80 8952 L2J 64 md8l
B73B 4787 L2J 63 b737
C500 581 L2J 52 sf34
DC9 354 L2J 55  dc9
B73C 278 L2 63 Db737
A320 120 L2 73,5 ea320
C650 107 L2J 10,2 sf34
S601 107 L2J 6,6 sf34
A300 71 L2 142 ea300
CL60 65 L2J 18 50
LJ35 55 L2J 83 sf34
H25B 54 L2J 10,6 sf34
B767 50 L2J 182 b767
FA20 44 L2 13 sf34
C560 40 L2 91 sf34
FA10 16 L2J 85 sf34
LJ55 16 L2J 95 sf34
LJ31 13 L2J 7,7 sf34
GULF 12 L2J 31,6 50
F28 8 L2J 33 50
T134 7 L2 45 100
MD90 6 L2J 63 md81
B73A 4 L2 52 b737
A310 2 L2J 142 ea3l0
ASTR 2 L2 10,7 sf34
F100 2 L2 43 100
C525 1 L2 47 s34
H25A 1 L2 10,6 sf34
LJ60 1 L2 10,7 sf34
B727 253 L3J 95 b727
T154 24 L3J 90 b727
FA50 18 L3J 17,6 50
F900 14  L3J 20,6 50
DC10 7 L3 259 dcl0
L101 5 L3J 211 dcl0
YK40 1 L3 16 50
BA46 122 14J 42  bad6
B707 1 L4 117  b757

B74A 1 L4 362 b747



No. of international LTO’s in other

Danish airports
ICAO-code No. of LTQO's Category MTOW Rep. Type

A7 2 L1 10 sf34
L39 1 L1 5 sf34
B73B 5877  L2J 63 Db737
DC9 889 L2J 55 dc9
C500 761 L2J 52 sf34
B73C 722 L2 63 b737
A320 655 L2J 73,5 ea320
MD80 514 L2 64 mdsl
C650 316 L2 10,2 sf34
A300 203 L2J 142 ea300
C560 178 L2 91 sf34
FA20 151 L2) 13 sf34
S601 138 L2J 6,6 sf34
H25B 90 L2J 10,6 sf34
LJ35 77 L2] 8,3 sf34
CL60 69 L2J 18 150
TOR 67 L2J 10 sf34
FA10 65 L2J 85 sf34
GULF 64 L2J 31,6 50
T134 37 L2] 45 100
AJET 34 L2] 10 sf34
B767 31 L2J 182 b767
LJ55 31 L2J 95 sf34
H25A 23 L2] 10,6 sf34
SBO05 20 L2J 5 sf34
CARJ 19 L2 24 50
C525 14 L2 4,7 sf34
B757 13 L2 116  b757
F70 10 L2 38 f100
LJ31 10 L2 7,7 sf34
A310 9 L2 142 ea310
ASTR 9 L2 10,7 sf34
B73A 8 L2 52 b737
JAGR 7 L2] 10 sf34
CNBR 6 L2 10 sf34
LJ60 6 L2 10,7 sf34
VF14 5 L2 10 sf34
LJ24 4 L2 6,1 sf34
C750 3 L2 16,2 50
Al10 2 L2 10 sf34
F28 2 L2 33 f50
LJ25 2 L2 5 sf34
P808 2 L2 10 sf34
BE40 1 L2 10 sf34
H25C 1 L2 10 sf34
LJ45 1 L2 10 sf34
MD90 1 L2 63 mdsl
ww24 1 L2 10 sf34
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No. of international LTO’s In

other
Danish airports

ICAO-code No. of LTO's Category MTOW Rep. Type

YK40 408 L3J 16 50
B727 326 L3J 95 b727
DC10 277 L3J 259 dcil0
FA50 76 L3J 17,6 50
Fo00 53 L3J 20,6 50
L101 39 L3J 211 dcil0
T154 18 L3J 90 b727
MD11 4 L3 273 mdll
YK42 1 L3J 57 dc9
BA46 235 L4J 42  ba4d6
B707 21 L4J 117 b757
IL76 17  L4J 190 ea300
B74A 14 L4J 362 b747
C5 7 L4d 275 md1l
Cl141 6 L4J 275 mdll
E3 3 L4 362 b747
B74B 2 L4 362 b747
C17 1 L4 275 mdll
VC10 1 L4 275 mdll
C208 85 LIT 33 sf34
TBM7 18 L1T 3 sf34
PC12 9 LIT 45 sf34
PCe6T 7 LAT 2,2 sf34
PC7 3 LT 3 sf34
DH2T 2 LT 24 sf34
TUCA 1 LAT 3 sf34
JSTA 832 L2T 7 sf34
JSTB 827 L2T 10,4 sf34
SHD3 741 L2T 12,3 sf34
BE20 737 L2T 57 sf34
ATP 686 L2T 22,9 50
SW3 641 L2T 5 sf34
F27 489 L2T 20,4 50
ATR 342 L2T 18,6 50
SF34 317 L2T 124 sf34
F406 283 L2T 33 sf34
B190 206 L2T 75 sf34
F50 192 L2T 20,8 50
JS41 165 L2T 10,9 sf34
JS31 159 L2T 7 sf34
PA42 157 L2T 51 sf34
B350 139 L2T 6,8 sf34
BE9L 132 L2T 42 sf34
E120 83 L2T 115 sf34
D228 74 L2T 57 sf34
P31T 69 L2T 41 sf34
L410 66 L2T 6,6 sf34
CVLT 60 L2T 25,9 50
AC6T 44  L2T 5 sf34
BE30 33  L2T 57 sf34
PAY3 31 L2T 51 sf34
A748 29 L2T 12,1 sf34
AN26 28 L2T 21 50
cr7 2Q 1 2T R 7 cf21
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E110 23  L2T 57 sf34
BEST 21 L2T 4,2 sf34
C425 21 L2T 3,7 sf34
AN24 15 L2T 21 50
N262 13 L2T 10,7 sf34
C212 12 L2T 6,3 sf34
G222 10 L2T 20 f50
F60 9 L2T 20 f50
BE10 8 L2T 54 sf34
DHCS8 8 L2T 27,3 50
C160 7 L2T 20 50
DHC6 7 L2T 48 sf34
C441 6 L2T 3,7 sf34
D328 4 L2T 14 sf34
SB20 4 L2T 22,8 50
E121 3 L2T 5 sf34
P180 3 L2T 5 sf34
P68T 3 L2T 5 sf34
AN28 2 L2T 6,5 sf34
ATLA 2 L2T 20 50
CN35 2 L2T 20 50
G159 2 L2T 20 f50
SwW2 2 L2T 5 sf34
STAR 1 L2T 5 sf34
C130 225 L4T 70,3 ea320
P3 14 L4T 63 md8l
IL18 2 LAT 64 md8l
L188 2 LAT 52,7 1188
Total 20830
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No. of flights from other Danish airports
bound for Greenland

ICAO-code No. of LTO's Category MTOW Rep. Type

GULF 17 L2J 31,6 f50
CL60 2 L2J 18 f50
B73B 1 L2 63 b737
B767 1 L2 182 b767
FA20 1 L2J 13 sf34
FA50 6 L3J 17,6 50
B707 1 L4 117 b757
C130 9 LAT 70,3 ea320
Total 38

No. of flights from other Danish airports
bound for Faroe Islands

ICAO-code No. of LTO's Category MTOW Rep. Type

B73B 116 L2J 63 b737
GULF 5 L2 31,6 f50
C500 4 L2 52 sf34
BA46 35 L4J 42 bad6
C130 10 L4T 70,3 ea320
Total 170
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Appendix 6

Danish domestic fuel use and emissions from
TEMA
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Total flight (city origin: Copenhagen)

City-pair Distance Aircraft type Fueluse Energy  NOx CO CO; EINO, EIVOC EICO EICO;
[km] [kg] [MJ] [g] [g] ] [ka] [9/kg fuel]

Copenhagen - Alborg 238.9 MD82 1,776 77,238 25,610 2,030 6,670 5,561 14.4 1.1 3.8 3,132
Copenhagen - Alborg 238.9 B737-500 1,244 54,119 12,870 570 9,100 3,897 10.3 0.5 7.3 3,132
Copenhagen - Alborg 238.9 F50 377 16,388 3,110 170 2,630 1,180 8.3 0.5 7.0 3,132
Copenhagen - Alborg 238.9 DC9 1,617 70,344 15560 4,610 17,120 5,065 9.6 2.9 10.6 3,132
Copenhagen - Alborg 238.9 B737-600 1,380 60,028 14,947 1,130 9,499 4,322 10.8 0.8 6.9 3,132
Copenhagen - Alborg 238.9 Dash8 825 35,899 7,040 336 5,481 2,585 8.5 0.4 6.6 3,132
Copenhagen - Arhus 155.6 MD82 1,421 61,797 21,240 1,810 5,960 4,449 15.0 1.3 4.2 3,132
Copenhagen - Arhus 155.6 B737-500 968 42,097 10,630 530 8,360 3,031 11.0 0.5 8.6 3,132
Copenhagen - Arhus 155.6 F50 278 12,111 2,450 150 2,160 872 8.8 0.5 7.8 3,132
Copenhagen - Arhus 155.6 DC9 1,292 56,197 12,770 4,200 15,590 4,046 9.9 3.3 12.1 3,132
Copenhagen - Arhus 155.6 B737-600 1,119 48,673 13,032 1,005 8,534 3,504 11.6 0.9 7.6 3,132
Copenhagen - Arhus 155.6 Dash8 635 27,614 5,399 304 4,618 1,988 8.5 0.5 7.3 3,132
Copenhagen - Rgnne 157.4 MD82 1,651 71,810 24,090 1,980 6,530 5,170 14.6 1.2 4.0 3,132
Copenhagen - Rgnne 157.4 B737-500 1,144 49,747 12,030 570 8,990 3,582 10.5 0.5 7.9 3,132
Copenhagen - Rgnne 157.4 F50 353 15,335 3,080 150 2,410 1,104 8.7 0.4 6.8 3,132
Copenhagen - Rgnne 157.4 DC9 1,490 64,832 14,410 4,560 16,890 4,668 9.7 3.1 11.3 3,132
Copenhagen - Rgnne 157.4 B737-600 1,336 58,102 15,476 1,027 8,643 4,183 11.6 0.8 6.5 3,132
Copenhagen - Rgnne 157.4 Dash8 730 31,773 6,267 335 5,160 2,288 8.6 0.5 7.1 3,132
Copenhagen - Billund 237.1 MD82 1,740 75,705 25,210 2,010 6,600 5,451 14.5 1.2 3.8 3,132
Copenhagen - Billund 237.1 B737-500 1,208 52,540 12,560 570 9,010 3,783 10.4 0.5 7.5 3,132
Copenhagen - Billund 237.1 F50 375 16,324 3,210 160 2,520 1,175 8.6 0.4 6.7 3,132
Copenhagen - Billund 237.1 DC9 1,571 68,342 15,130 4,560 16,920 4,921 9.6 2.9 10.8 3,132
Copenhagen - Billund 237.1 B737-600 1,337 58,146 14,554 1,126 9,481 4,186 10.9 0.8 7.1 3,132
Copenhagen - Billund 237.1 Dash8 791 34,398 6,762 336 5,365 2,477 8.6 0.4 6.8 3,132
Copenhagen - Esbjerg 283.4 MD82 1,927 83,832 27,560 2,090 6,840 6,036 14.3 1.1 3.5 3,132
Copenhagen - Esbjerg 283.4 B737-500 1,341 58,354 13,670 580 9,170 4,202 10.2 0.4 6.8 3,132
Copenhagen - Esbjerg 283.4 F50 419 18,207 3,410 170 2,770 1,311 8.1 0.4 6.6 3,132
Copenhagen - Esbjerg 283.4 DC9 1,735 75,462 16,580 4,650 17,300 5,433 9.6 2.7 10.0 3,132
Copenhagen - Esbjerg 283.4 B737-600 1,488 64,719 15923 1,144 9,578 4,660 10.7 0.8 6.4 3,132
Copenhagen - Esbjerg 283.4 Dash8 918 39,953 7,810 337 5,790 2,877 8.5 0.4 6.3 3,132
Copenhagen - Karup 233.4 MD82 1,761 76,620 25,760 1,960 6,420 5,517 14.6 1.1 3.6 3,132
Copenhagen - Karup 233.4 B737-500 1,230 53,487 12,740 570 9,050 3,851 10.4 0.5 7.4 3,132
Copenhagen - Karup 233.4 F50 371 16,122 3,060 170 2,600 1,161 8.3 0.5 7.0 3,132
Copenhagen - Karup 233.4 DC9 1,598 69,517 15,470 4,540 16,860 5,005 9.7 2.8 10.6 3,132
Copenhagen - Karup 233.4 B737-600 1,362 59,264 14,788 1,129 9,494 4,267 10.9 0.8 7.0 3,132
Copenhagen - Karup 233.4 Dash8 812 35,309 6,933 336 5,436 2,542 8.5 0.4 6.7 3,132
Copenhagen - Odense 161.1 MD82 1,463 63,645 21,870 1,820 6,010 4,582 14.9 1.2 4.1 3,132
Copenhagen - Odense 161.1 B737-500 1,000 43,520 10,950 530 8,390 3,133 10.9 0.5 8.4 3,132
Copenhagen - Odense 161.1 F50 308 13,378 2,850 130 2,110 963 9.3 0.4 6.9 3,132
Copenhagen - Odense 161.1 DC9 1,323 57,549 13,080 4,220 15,660 4,144 9.9 3.2 11.8 3,132
Copenhagen - Odense 161.1 B737-600 1,152 50,124 13,410 1,007 8,535 3,609 11.6 0.9 7.4 3,132
Copenhagen - Odense 161.1 Dash8 636 27,654 5,405 306 4,629 1,991 8.5 0.5 7.3 3,132
Copenhagen - Vojens 261.1 MD82 1,852 80,560 26,610 2,060 6,770 5,800 14.4 1.1 3.7 3,132
Copenhagen - Vojens 261.1 B737-500 1,287 55,992 13,220 580 9,140 4,031 10.3 0.5 7.1 3,132
Copenhagen - Vojens 261.1 F50 409 17,773 3,500 160 2,650 1,280 8.6 0.4 6.5 3,132
Copenhagen - Vojens 261.1 DC9 1,669 72,615 15990 4,640 17,220 5,228 9.6 2.8 10.3 3,132
Copenhagen - Vojens 261.1 B737-600 1,424 61,963 15,347 1,137 9,539 4,461 10.8 0.8 6.7 3,132
Copenhagen - Vojens 261.1 Dash8 866 37,689 7,380 337 5,620 2,714 8.5 0.4 6.5 3,132
Copenhagen - Sgnderborg 222.2 MD82 1,728 75,163 25,080 2,010 6,620 5,412 14.5 1.2 3.8 3,132
Copenhagen - Sgnderborg 222.2 B737-500 1,196 52,029 12,470 570 9,050 3,746 10.4 0.5 7.6 3,132
Copenhagen — Sgnderborg 222.2 F50 368 16,015 3,160 160 2,510 1,153 8.6 0.4 6.8 3,132
Copenhagen — Sgnderborg 222.2 DC9 1,558 67,780 15,010 4,580 17,000 4,880 9.6 2.9 10.9 3,132
Copenhagen — Sgnderborg 222.2 B737-600 1,322 57,528 14,425 1,124 9,467 4,142 10.9 0.8 7.2 3,132
Copenhagen — Sgnderborg 222.2 Dash8 782 34,011 6,692 334 5,324 2,449 8.6 0.4 6.8 3,132
Copenhagen - Thisted 324.1 MD82 2,167 94,264 30,580 2,200 7,150 6,787 14.1 1.0 3.3 3,132
Copenhagen - Thisted 324.1 B737-500 1,515 65,881 15,110 1 9350 4,743 10.0 0.0 6.2 3,132
Copenhagen - Thisted 324.1 F50 490 21,322 3,950 170 3,020 1,535 8.1 0.3 6.2 3,132
Copenhagen - Thisted 324.1 DC9 1,945 84,591 18,450 4,760 17,750 6,091 9.5 2.4 9.1 3,132
Copenhagen - Thisted 324.1 B737-600 1,673 72,796 17,093 1,223 10,183 5,241 10.2 0.7 6.1 3,132
Copenhagen - Thisted 324.1 Dash8 1,079 46,943 9,119 341 6,343 3,380 8.5 0.3 5.9 3,132
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Total flight (city destination: Copenhagen)

City-pair Distance Aircraft type Fueluse Energy  NOx VO! CO; EINO, EIVOC EICO EICO;
[km] [kl [(MJ] [a] [g] [g] [ka] [9/kg fuel]

Alborg — Copenhagen 238.9 MD82 1,776 77,238 25,610 2,030 6,670 5,561 14.4 1.1 3.8 3,132
Alborg — Copenhagen 238.9 B737-500 1,244 54,119 12,870 570 9,100 3,897 10.3 0.5 7.3 3,132
Alborg — Copenhagen 238.9 F50 377 16,388 3,110 170 2,630 1,180 8.3 0.5 7.0 3,132
Alborg — Copenhagen 238.9 DC9 1,617 70,344 15560 4,610 17,120 5,065 9.6 2.9 10.6 3,132
Alborg — Copenhagen 238.9 B737-600 1,380 60,028 14,947 1,130 9,499 4,322 10.8 0.8 6.9 3,132
Alborg — Copenhagen 238.9 Dash8 825 35,899 7,040 336 5,481 2,585 8.5 0.4 6.6 3,132
Arhus — Copenhagen 155.6 MD82 1,421 61,797 21,240 1,810 5,960 4,449 15.0 1.3 4.2 3,132
Arhus — Copenhagen 155.6 B737-500 968 42,097 10,630 530 8,360 3,031 11.0 0.5 8.6 3,132
Arhus — Copenhagen 155.6 F50 278 12,111 2,450 150 2,160 872 8.8 0.5 7.8 3,132
Arhus — Copenhagen 155.6 DC9 1,292 56,197 12,770 4,200 15,590 4,046 9.9 3.3 12.1 3,132
Arhus — Copenhagen 155.6 B737-600 1,119 48,673 13,032 1,005 8,534 3,504 11.6 0.9 7.6 3,132
Arhus — Copenhagen 155.6 Dash8 635 27,614 5,399 304 4,618 1,988 8.5 0.5 7.3 3,132
Ranne — Copenhagen 157.4 MD82 1,651 71,810 24,090 1,980 6,530 5,170 14.6 1.2 4.0 3,132
Ranne — Copenhagen 157.4 B737-500 1,144 49,747 12,030 570 8,990 3,582 10.5 0.5 7.9 3,132
Rgnne — Copenhagen 157.4 F50 353 15,335 3,080 150 2,410 1,104 8.7 0.4 6.8 3,132
Ranne — Copenhagen 157.4 DC9 1,490 64,832 14,410 4,560 16,890 4,668 9.7 3.1 11.3 3,132
Ranne — Copenhagen 157.4 B737-600 1,336 58,102 15,476 1,027 8,643 4,183 11.6 0.8 6.5 3,132
Ranne — Copenhagen 157.4 Dash8 730 31,773 6,267 335 5,160 2,288 8.6 0.5 7.1 3,132
Billund — Copenhagen 237.1 MD82 1,740 75,705 25,210 2,010 6,600 5,451 14.5 1.2 3.8 3,132
Billund — Copenhagen 237.1 B737-500 1,208 52,540 12,560 570 9,010 3,783 10.4 0.5 7.5 3,132
Billund — Copenhagen 237.1 F50 375 16,324 3,210 160 2,520 1,175 8.6 0.4 6.7 3,132
Billund — Copenhagen 237.1 DC9 1571 68,342 15,130 4,560 16,920 4,921 9.6 2.9 10.8 3,132
Billund — Copenhagen 237.1 B737-600 1,337 58,146 14,554 1,126 9,481 4,186 10.9 0.8 7.1 3,132
Billund — Copenhagen 237.1 Dash8 791 34,398 6,762 336 5,365 2,477 8.6 0.4 6.8 3,132
Esbjerg — Copenhagen 283.4 MD82 1,927 83,832 27,560 2,090 6,840 6,036 14.3 1.1 3.5 3,132
Esbjerg — Copenhagen 283.4 B737-500 1,341 58,354 13,670 580 9,170 4,202 10.2 0.4 6.8 3,132
Esbjerg — Copenhagen 283.4 F50 419 18,207 3,410 170 2,770 1,311 8.1 0.4 6.6 3,132
Esbjerg — Copenhagen 283.4 DC9 1,735 75,462 16,580 4,650 17,300 5,433 9.6 2.7 10.0 3,132
Esbjerg — Copenhagen 283.4 B737-600 1,488 64,719 15,923 1,144 9,578 4,660 10.7 0.8 6.4 3,132
Esbjerg — Copenhagen 283.4 Dash8 918 39,953 7,810 337 5790 2,877 8.5 0.4 6.3 3,132
Karup - Copenhagen 233.4 MD82 1,761 76,620 25,760 1,960 6,420 5,517 14.6 1.1 3.6 3,132
Karup - Copenhagen 233.4 B737-500 1,230 53,487 12,740 570 9,050 3,851 10.4 0.5 7.4 3,132
Karup - Copenhagen 233.4 F50 371 16,122 3,060 170 2,600 1,161 8.3 0.5 7.0 3,132
Karup - Copenhagen 233.4 DC9 1,598 69,517 15,470 4,540 16,860 5,005 9.7 2.8 10.6 3,132
Karup - Copenhagen 233.4 B737-600 1,362 59,264 14,788 1,129 9,494 4,267 10.9 0.8 7.0 3,132
Karup - Copenhagen 233.4 Dash8 812 35,309 6,933 336 5,436 2,542 8.5 0.4 6.7 3,132
Odense - Copenhagen 161.1 MD82 1,463 63,645 21,870 1,820 6,010 4,582 14.9 1.2 4.1 3,132
Odense - Copenhagen 161.1 B737-500 1,000 43,520 10,950 530 8,390 3,133 10.9 0.5 8.4 3,132
Odense - Copenhagen 161.1 F50 308 13,378 2,850 130 2,110 963 9.3 0.4 6.9 3,132
Odense - Copenhagen 161.1 DC9 1,323 57,549 13,080 4,220 15,660 4,144 9.9 3.2 11.8 3,132
Odense - Copenhagen 161.1 B737-600 1,152 50,124 13,410 1,007 8,535 3,609 11.6 0.9 7.4 3,132
Odense - Copenhagen 161.1 Dash8 636 27,654 5,405 306 4,629 1,991 8.5 0.5 7.3 3,132
Vojens - Copenhagen 261.1 MD82 1,852 80,560 26,610 2,060 6,770 5,800 14.4 1.1 3.7 3,132
Vojens - Copenhagen 261.1 B737-500 1,287 55,992 13,220 580 9,140 4,031 10.3 0.5 7.1 3,132
Vojens - Copenhagen 261.1 F50 409 17,773 3,500 160 2,650 1,280 8.6 0.4 6.5 3,132
Vojens - Copenhagen 261.1 DC9 1,669 72,615 15990 4,640 17,220 5,228 9.6 2.8 10.3 3,132
Vojens - Copenhagen 261.1 B737-600 1,424 61,963 15,347 1,137 9,539 4,461 10.8 0.8 6.7 3,132
Vojens - Copenhagen 261.1 Dash8 866 37,689 7,380 337 5620 2,714 8.5 0.4 6.5 3,132
Sgnderborg - Copenhagen 222.2 MD82 1,728 75,163 25,080 2,010 6,620 5,412 14.5 1.2 3.8 3,132
Sgnderborg - Copenhagen 222.2 B737-500 1,196 52,029 12,470 570 9,050 3,746 10.4 0.5 7.6 3,132
Senderborg - Copenhagen 222.2 F50 368 16,015 3,160 160 2,510 1,153 8.6 0.4 6.8 3,132
Sgnderborg - Copenhagen 222.2 DC9 1,558 67,780 15,010 4,580 17,000 4,880 9.6 2.9 10.9 3,132
Sgnderborg - Copenhagen 222.2 B737-600 1,322 57,528 14,425 1,124 9,467 4,142 10.9 0.8 7.2 3,132
Sgnderborg - Copenhagen 222.2 Dash8 782 34,011 6,692 334 5,324 2,449 8.6 0.4 6.8 3,132
Thisted - Copenhagen 324.1 MD82 2,167 94,264 30,580 2,200 7,150 6,787 14.1 1.0 3.3 3,132
Thisted - Copenhagen 324.1 B737-500 1,515 65,881 15,110 1 9350 4,743 10.0 0.0 6.2 3,132
Thisted - Copenhagen 324.1 F50 490 21,322 3,950 170 3,020 1,535 8.1 0.3 6.2 3,132
Thisted - Copenhagen 324.1 DC9 1,945 84,591 18,450 4,760 17,750 6,091 9.5 2.4 9.1 3,132
Thisted - Copenhagen 324.1 B737-600 1,673 72,796 17,093 1,223 10,183 5,241 10.2 0.7 6.1 3,132
Thisted - Copenhagen 324.1 Dash8 1,079 46,943 9,119 341 6,343 3,380 8.5 0.3 5.9 3,132
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Per km and pkm (city origin: Copenhagen)

City-pair Distance Aircraft type Seating NOx VOC CO; NOx VOC CO CO;
[km] capacity [g/km]  [g/km]  [g/km] [kg/km] [g/pkm]
Copenhagen - Alborg 238.9 MD82 146  107.2 8.5 27.9 23.3 0.73 0.06 0.19 159
Copenhagen - Alborg 238.9 B737-500 104 53.9 2.4 38.1 16.3 0.52 0.02 0.37 157
Copenhagen - Alborg 238.9 F50 50 13.0 0.7 11.0 4.9 0.26 0.01 0.22 99
Copenhagen - Alborg 238.9 DC9 114 65.1 19.3 71.7 21.2 0.57 0.17 0.63 186
Copenhagen - Alborg 238.9 B737-600 116 62.6 4.7 39.8 18.1 0.54 0.04 0.34 156
Copenhagen - Alborg 238.9 Dash8 72 29.5 1.4 22.9 10.8 0.41 0.02 0.32 150
Copenhagen - Arhus 155.6 MD82 146 136.5 11.6 38.3 28.6 0.94 0.08 0.26 196
Copenhagen - Arhus 155.6 B737-500 104 68.3 3.4 53.7 19.5 0.66 0.03 0.52 187
Copenhagen - Arhus 155.6 F50 50 15.7 1.0 13.9 5.6 0.31 0.02 0.28 112
Copenhagen - Arhus 155.6 DC9 114 82.1 27.0 100.2 26.0 0.72 0.24 0.88 228
Copenhagen - Arhus 155.6 B737-600 116 83.8 6.5 54.9 225 0.72 0.06 0.47 194
Copenhagen - Arhus 155.6 Dash8 72 34.7 2.0 29.7 12.8 0.48 0.03 0.41 178
Copenhagen - Rgnne 157.4 MD82 146  153.0 12.6 41.5 32.8 1.05 0.09 0.28 225
Copenhagen - Rgnne 157.4 B737-500 104 76.4 3.6 57.1 22.8 0.73 0.03 0.55 219
Copenhagen - Rgnne 157.4 F50 50 19.6 1.0 15.3 7.0 0.39 0.02 0.31 140
Copenhagen - Rgnne 157.4 DC9 114 91.5 29.0 107.3 29.7 0.80 0.25 0.94 260
Copenhagen - Rgnne 157.4 B737-600 116 98.3 6.5 54.9 26.6 0.85 0.06 0.47 229
Copenhagen - Rgnne 157.4 Dash8 72 39.8 2.1 32.8 14.5 0.55 0.03 0.46 202
Copenhagen - Billund 237.1 MD82 146 106.3 8.5 27.8 23.0 0.73 0.06 0.19 157
Copenhagen - Billund 237.1 B737-500 104 53.0 2.4 38.0 16.0 0.51 0.02 0.37 153
Copenhagen - Billund 237.1 F50 50 13.5 0.7 10.6 5.0 0.27 0.01 0.21 99
Copenhagen - Billund 237.1 DC9 114 63.8 19.2 71.4 20.8 0.56 0.17 0.63 182
Copenhagen - Billund 237.1 B737-600 116 61.4 4.7 40.0 17.7 0.53 0.04 0.34 152
Copenhagen - Billund 237.1 Dash8 72 28.5 1.4 22.6 10.4 0.40 0.02 0.31 145
Copenhagen - Esbjerg 283.4 MD82 146 97.3 7.4 24.1 21.3 0.67 0.05 0.17 146
Copenhagen - Esbjerg 283.4 B737-500 104 48.2 2.0 32.4 14.8 0.46 0.02 0.31 143
Copenhagen - Esbjerg 283.4 F50 50 12.0 0.6 9.8 4.6 0.24 0.01 0.20 93
Copenhagen - Esbjerg 283.4 DC9 114 58.5 16.4 61.1 19.2 0.51 0.14 0.54 168
Copenhagen - Esbjerg 283.4 B737-600 116 56.2 4.0 33.8 16.4 0.48 0.03 0.29 142
Copenhagen - Esbjerg 283.4 Dash8 72 27.6 1.2 20.4 10.2 0.38 0.02 0.28 141
Copenhagen - Karup 233.4 MD82 146  110.4 8.4 27.5 23.6 0.76 0.06 0.19 162
Copenhagen - Karup 233.4 B737-500 104 54.6 2.4 38.8 16.5 0.52 0.02 0.37 159
Copenhagen - Karup 233.4 F50 50 13.1 0.7 11.1 5.0 0.26 0.01 0.22 99
Copenhagen - Karup 233.4 DC9 114 66.3 19.5 72.3 21.4 0.58 0.17 0.63 188
Copenhagen - Karup 233.4 B737-600 116 63.4 4.8 40.7 18.3 0.55 0.04 0.35 158
Copenhagen - Karup 233.4 Dash8 72 29.7 1.4 23.3 10.9 0.41 0.02 0.32 151
Copenhagen - Odense 161.1 MD82 146 135.7 11.3 37.3 28.4 0.93 0.08 0.26 195
Copenhagen - Odense 161.1 B737-500 104 68.0 3.3 52.1 19.4 0.65 0.03 0.50 187
Copenhagen - Odense 161.1 F50 50 17.7 0.8 13.1 6.0 0.35 0.02 0.26 120
Copenhagen - Odense 161.1 DC9 114 81.2 26.2 97.2 25.7 0.71 0.23 0.85 226
Copenhagen - Odense 161.1 B737-600 116 83.2 6.2 53.0 22.4 0.72 0.05 0.46 193
Copenhagen - Odense 161.1 Dash8 72 335 1.9 28.7 12.4 0.47 0.03 0.40 172
Copenhagen - Vojens 261.1 MD82 146 101.9 7.9 25.9 22.2 0.70 0.05 0.18 152
Copenhagen - Vojens 261.1 B737-500 104 50.6 2.2 35.0 15.4 0.49 0.02 0.34 148
Copenhagen - Vojens 261.1 F50 50 13.4 0.6 10.1 4.9 0.27 0.01 0.20 98
Copenhagen - Vojens 261.1 DC9 114 61.2 17.8 65.9 20.0 0.54 0.16 0.58 176
Copenhagen - Vojens 261.1 B737-600 116 58.8 4.4 36.5 17.1 0.51 0.04 0.31 147
Copenhagen - Vojens 261.1 Dash8 72 28.3 1.3 21.5 10.4 0.39 0.02 0.30 144
Copenhagen - Sgnderborg 222.2 MD82 146 112.9 9.0 29.8 24.4 0.77 0.06 0.20 167
Copenhagen - Sgnderborg 222.2 B737-500 104 56.1 2.6 40.7 16.9 0.54 0.02 0.39 162
Copenhagen - Sgnderborg 222.2 F50 50 14.2 0.7 11.3 5.2 0.28 0.01 0.23 104
Copenhagen - Sgnderborg 222.2 DC9 114 67.5 20.6 76.5 22.0 0.59 0.18 0.67 193
Copenhagen - Sgnderborg 222.2 B737-600 116 64.9 5.1 42.6 18.6 0.56 0.04 0.37 161
Copenhagen - Sgnderborg 222.2 Dash8 72 30.1 1.5 24.0 11.0 0.42 0.02 0.33 153
Copenhagen - Thisted 324.1 MD82 146 94.4 6.8 22.1 20.9 0.65 0.05 0.15 143
Copenhagen - Thisted 324.1 B737-500 104 46.6 0.0 28.8 14.6 0.45 0.00 0.28 141
Copenhagen - Thisted 324.1 F50 50 12.2 0.5 9.3 4.7 0.24 0.01 0.19 95
Copenhagen - Thisted 324.1 DC9 114 56.9 14.7 54.8 18.8 0.50 0.13 0.48 165
Copenhagen - Thisted 324.1 B737-600 116 52.7 3.8 31.4 16.2 0.45 0.03 0.27 139
Copenhagen - Thisted 324.1 Dash8 72 28.1 1.1 19.6 10.4 0.39 0.01 0.27 145
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Per km and pkm (City destlnatlon Copenhagen)

City-pair Distance Aircraft type Seating NOx CO; NOx CO;
[km] capacity  [g/km] [g /km] [g/km] [kg/km] [g/pkm]
Alborg - Copenhagen 238.9 MD82 146 107.2 8.5 27.9 23.3 0.73 0.06 0.19 159
Alborg - Copenhagen 238.9 B737-500 104 53.9 2.4 38.1 16.3 0.52 0.02 0.37 157
Alborg - Copenhagen 238.9 F50 50 13.0 0.7 11.0 4.9 0.26 0.01 0.22 99
Alborg - Copenhagen 238.9 DC9 114 65.1 19.3 71.7 21.2 0.57 0.17 0.63 186
Alborg - Copenhagen 238.9 B737-600 116 62.6 4.7 39.8 18.1 0.54 0.04 0.34 156
Alborg - Copenhagen 238.9 Dash8 72 29.5 1.4 22.9 10.8 0.41 0.02 0.32 150
Arhus - Copenhagen 155.6 MD82 146 136.5 11.6 38.3 28.6 0.94 0.08 0.26 196
Arhus - Copenhagen 155.6 B737-500 104 68.3 3.4 53.7 19.5 0.66 0.03 0.52 187
Arhus - Copenhagen 155.6 F50 50 15.7 1.0 13.9 5.6 0.31 0.02 0.28 112
Arhus - Copenhagen 155.6 DC9 114 82.1 27.0 100.2 26.0 0.72 0.24 0.88 228
Arhus - Copenhagen 155.6 B737-600 116 83.8 6.5 54.9 225 0.72 0.06 0.47 194
Arhus - Copenhagen 155.6 Dash8 72 34.7 2.0 29.7 12.8 0.48 0.03 0.41 178
Rgnne - Copenhagen 157.4 MD82 146 153.0 12.6 41.5 32.8 1.05 0.09 0.28 225
Ranne - Copenhagen 157.4 B737-500 104 76.4 3.6 57.1 22.8 0.73 0.03 0.55 219
Ranne - Copenhagen 157.4 F50 50 19.6 1.0 15.3 7.0 0.39 0.02 0.31 140
Renne - Copenhagen 157.4 DC9 114 915 29.0 107.3 29.7 0.80 0.25 0.94 260
Rgnne - Copenhagen 157.4 B737-600 116 98.3 6.5 54.9 26.6 0.85 0.06 0.47 229
Rgnne - Copenhagen 157.4 Dash8 72 39.8 2.1 32.8 14.5 0.55 0.03 0.46 202
Billund - Copenhagen 237.1 MD82 146 106.3 8.5 27.8 23.0 0.73 0.06 0.19 157
Billund - Copenhagen 237.1 B737-500 104 53.0 2.4 38.0 16.0 0.51 0.02 0.37 153
Billund - Copenhagen 237.1 F50 50 13.5 0.7 10.6 5.0 0.27 0.01 0.21 99
Billund - Copenhagen 237.1 DC9 114 63.8 19.2 71.4 20.8 0.56 0.17 0.63 182
Billund - Copenhagen 237.1 B737-600 116 61.4 4.7 40.0 17.7 0.53 0.04 0.34 152
Billund - Copenhagen 237.1 Dash8 72 285 1.4 22.6 10.4 0.40 0.02 0.31 145
Esbjerg - Copenhagen 283.4 MD82 146 97.3 7.4 24.1 21.3 0.67 0.05 0.17 146
Esbjerg - Copenhagen 283.4 B737-500 104 48.2 2.0 32.4 14.8 0.46 0.02 0.31 143
Esbjerg - Copenhagen 283.4 F50 50 12.0 0.6 9.8 4.6 0.24 0.01 0.20 93
Esbjerg - Copenhagen 283.4 DC9 114 58.5 16.4 61.1 19.2 0.51 0.14 0.54 168
Esbjerg - Copenhagen 283.4 B737-600 116 56.2 4.0 33.8 16.4 0.48 0.03 0.29 142
Esbjerg - Copenhagen 283.4 Dash8 72 27.6 1.2 20.4 10.2 0.38 0.02 0.28 141
Karup - Copenhagen 233.4 MD82 146 110.4 8.4 27.5 23.6 0.76 0.06 0.19 162
Karup - Copenhagen 233.4 B737-500 104 54.6 2.4 38.8 16.5 0.52 0.02 0.37 159
Karup - Copenhagen 233.4 F50 50 13.1 0.7 11.1 5.0 0.26 0.01 0.22 99
Karup - Copenhagen 233.4 DC9 114 66.3 19.5 72.3 21.4 0.58 0.17 0.63 188
Karup - Copenhagen 233.4 B737-600 116 63.4 4.8 40.7 18.3 0.55 0.04 0.35 158
Karup - Copenhagen 233.4 Dash8 72 29.7 1.4 23.3 10.9 0.41 0.02 0.32 151
Odense - Copenhagen 161.1 MD82 146  135.7 11.3 37.3 28.4 0.93 0.08 0.26 195
Odense - Copenhagen 161.1 B737-500 104 68.0 3.3 52.1 19.4 0.65 0.03 0.50 187
Odense - Copenhagen 161.1 F50 50 17.7 0.8 13.1 6.0 0.35 0.02 0.26 120
Odense - Copenhagen 161.1 DC9 114 81.2 26.2 97.2 25.7 0.71 0.23 0.85 226
Odense - Copenhagen 161.1 B737-600 116 83.2 6.2 53.0 22.4 0.72 0.05 0.46 193
Odense - Copenhagen 161.1 Dash8 72 33.5 1.9 28.7 12.4 0.47 0.03 0.40 172
Vojens - Copenhagen 261.1 MD82 146 101.9 7.9 25.9 22.2 0.70 0.05 0.18 152
Vojens - Copenhagen 261.1 B737-500 104 50.6 2.2 35.0 15.4 0.49 0.02 0.34 148
Vojens - Copenhagen 261.1 F50 50 13.4 0.6 10.1 4.9 0.27 0.01 0.20 98
Vojens - Copenhagen 261.1 DC9 114 61.2 17.8 65.9 20.0 0.54 0.16 0.58 176
Vojens - Copenhagen 261.1 B737-600 116 58.8 4.4 36.5 17.1 0.51 0.04 0.31 147
Vojens - Copenhagen 261.1 Dash8 72 28.3 1.3 21.5 10.4 0.39 0.02 0.30 144
Sgnderborg - Copenhagen 222.2 MD82 146 112.9 9.0 29.8 24.4 0.77 0.06 0.20 167
Sgnderborg - Copenhagen 222.2 B737-500 104 56.1 2.6 40.7 16.9 0.54 0.02 0.39 162
Senderborg - Copenhagen 222.2 F50 50 14.2 0.7 11.3 5.2 0.28 0.01 0.23 104
Sgnderborg - Copenhagen 222.2 DC9 114 67.5 20.6 76.5 22.0 0.59 0.18 0.67 193
Sgnderborg - Copenhagen 222.2 B737-600 116 64.9 5.1 42.6 18.6 0.56 0.04 0.37 161
Sgnderborg - Copenhagen 222.2 Dash8 72 30.1 1.5 24.0 11.0 0.42 0.02 0.33 153
Thisted - Copenhagen 324.1 MD82 146 94.4 6.8 22.1 20.9 0.65 0.05 0.15 143
Thisted - Copenhagen 324.1 B737-500 104 46.6 0.0 28.8 14.6 0.45 0.00 0.28 141
Thisted - Copenhagen 324.1 F50 50 12.2 0.5 9.3 4.7 0.24 0.01 0.19 95
Thisted - Copenhagen 324.1 DC9 114 56.9 14.7 54.8 18.8 0.50 0.13 0.48 165
Thisted - Copenhagen 324.1 B737-600 116 52.7 3.8 31.4 16.2 0.45 0.03 0.27 139
Thisted - Copenhagen 324.1 Dash8 72 28.1 1.1 19.6 10.4 0.39 0.01 0.27 145
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