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CAA-DK:
Cargo flight:

City-pair model/inventory:

CORINAIR:
Cruise:

Charter flight:

EUROCONTROL:

Great Circle Distance:

ICAO:

IFR:

LTO:

LTO/aircraft type statistics:
LTO times-in-modes:
NERI:

NM:

North-Atlantic flights:

Scheduled flight:

Taxi flight:

UNECE CLRTAP:

UNFCCC:

Glossary and Terms

Civil Aviation Agency of Denmark.
Flight transporting cargo only. Can be regular or non-regular.

Uses flight data with information on aircraft type and origin
and destination airports.

Co-ordination Of Information On Air Emissions.
Part of the flight outside the LTO-cycle.

Non-regular flight with a maximum take off weight exceeding
5700 kg.

The European Organisation for the Safety of Air Navigation.

The length of a natural curve between origin and destination
airports.

International Civil Aviation Organisation.

Instrumental Flight Rules (IFR) flights are made according to
the instrumental flight rules. Typically flights are made with
large aircraft, are commercial and controlled by air traffic con-
trol.

Landing and Take-Off: A LTO cycle comprises the modes
approach and landing from 3000 ft., taxi, take off and climb out
to 3000 ft.

Information of the number of LTOs per aircraft type.

Time durations of the four modes in a LTO cycle.

National Environmental Research Institute of Denmark.

Nautical Miles. 1 NM = 1.852 km.

Flights between Denmark, Greenland and the Faroe Islands,
and reverse flights.

Regular flight.

Non-regular flight with a maximum take off weight below 5700
kg.

United Nations Economic Commission for Europe Convention
on Long Range Transboundary Air Pollution.

United Nations Framework Convention on Climate Change.



Preface

In Denmark there is a growing demand for consistent aviation fuel
use statistics in order to meet specific requirements from different
statistical bodies and to support emission inventories asked for by
international conventions. Other urgent needs are valid fuel use data
for monitoring work related to national target plans and to give
proper advice on environmental matters. The Kingdom of Denmark
includes Denmark, Greenland and the Faroe Islands. This special
situation within the same country, characterised by long distances
between the European continent and two North Atlantic island areas,
makes specific statistical demands. In some situations the flights for
Greenland and the Faroe Islands are regarded as domestic flights
while in other cases the same flights must be classified as interna-
tional flights. Therefore, depending on the recipient the fuel use
information has different formats.

This report contains fuel use figures for Danish civil aviation broken
down into domestic and international numbers from 1985 to 2000,
using a refined fuel split procedure and official fuel sale totals. The
total fuel sale figures for Greenland and the Faroe Islands are also
divided into domestic and international numbers. In addition, simu-
lated fuel use figures are given for flights between Denmark and
Greenland/the Faroe Islands and reverse. All fuel use figures are
reported on a level, which facilitates the further summing of fuel
according to different requirements. Separately, methods of how to
distinguish between the fuel use for passenger and cargo transport
are also discussed in this report.

The project was funded by the Danish Energy Agency (DEA). The
steering group consisted of Helene S. Jensen and Peter Dal, both
DEA, and Morten Winther, National Environmental Research Insti-
tute (NERI).

Many thanks should be given to Lars H. Hansen, Copenhagen Air-
port, Jette Giertz and Ronny Lilienvald, Billund Airport, Thomas
Sigvardt, Arhus Airport, and Torfinn Jacobsen, Vagar Airport, for
flight data used in the calculations. Also special thanks to the fol-
lowing people providing fuel use data for flights in Greenland: Gary
Plexman, First Air, Inge Merete Friis, Alpha Air, Thomas Leth Jor-
gensen and Hanne Bertels, both Greenlandair. Thanks should also be
given to Andreas Vedel, Statistics Greenland, for improving the
overview of aviation fuel uplift in airports in Greenland, and to Hen-
rik Gravesen, CAA-DK, for fruitful discussions on the cargo fuel use
inventory part. Lastly, thanks to Helene Sneftrup Jensen, DEA, for
technical comments and to Joshua Nash for English proofreading.



Summary

Objectives

In Denmark there is a growing demand for more detailed aviation
fuel use statistics in order to meet specific requirements from differ-
ent statistical bodies and to support emission inventories requested
by international conventions. The Kingdom of Denmark includes
Denmark, Greenland and the Faroe Islands. Depending on the recipi-
ent the flights for Greenland and the Faroe Islands are regarded as
either domestic or international flights.

The primary objectives of this project are to 1) develop a method to
divide the total civil aviation fuel sold in Denmark into domestic and
international aviation fuel sale figures from 1985 to 2000, and 2)
estimate the fuel used by flights between Denmark and Green-
land/the Faroe Islands, and domestic and international fuel use from
the two latter areas for the same time period. Both methods under 1)
and 2) should be used in the future as input to the yearly Danish fuel
use statistics. The last objective is to develop a method, which allo-
cates domestic and international fuel use into fuel figures for passen-
ger and cargo.

Danish Energy Statistics

The Danish Energy Agency (DEA) has made a split of the total fuel
sale into domestic and international shares with the DEA model; a
model developed by the Ministry of Transport. Using information on
aircraft type and origin and destination airports for domestic flights
(city-pair data) the DEA model gives fairly accurate domestic fuel
estimates. However, the model cannot distinguish between fuel use
for LTO (Landing and Take Off, < 3000 ft) and cruise (> 3000 ft). This
grouping is essential for fuel use and emission inventories in the
European-wide CORINAIR (COoRdination of INformation on AIR
emissions) emission inventory system.

To obtain the fuel split as required by CORINAIR, instead the NERI
model has been used together with the annual Danish CORINAIR
inventories. The latter estimates are based on improved LTO/aircraft
type statistics, while the NERI model (a city-pair model) computes
the fuel use for 1998 in CORINAIR categories. As a starting point the
domestic and international cruise fuel use shares from the NERI
model are regarded as precisely enough for 1998 along with each
year’s Danish LTO estimates.

In 1998 the Danish fuel sale total minus the total LTO estimate gives
the total cruise fuel use. This total and the shares from the NERI
model gives absolute values for domestic and international cruise
fuel use. To find the cruise figures for other years, firstly the cruise
fuel use figures obtained for 1998 are scaled with the yearly LTO fuel
use development related to 1998. From these cruise figures the do-
mestic and international shares are derived for each year. Finally,
these shares are used to make a split in the real cruise fuel use total



for 1985-2000. This total is known as the difference between each
year’s fuel sale and LTO fuel sum.

Fuel use for flights between Denmark, Greenland/the Faroe Islands
and domestic Greenland/Faroe flights

For flights between Denmark and Greenland/the Faroe Islands
(North Atlantic flights) the time series of fuel use in 1985-2000 have
been calculated with the NERI model. Data was limited to 1999 and
2000 for flights leaving the Faroe Islands and no flight data was
available from Greenland for this study. In these situations the fuel
results for Danish return flights were used. Since almost all the North
Atlantic flights are return flights the total fuel use estimate (per round
trip) is fairly precise. However, precautions must be taken in terms of
fuel allocation. Due to fuel price differences most of the fuel is being
lifted up in Denmark.

Fuel use for international flights from the Faroe Islands and domestic
flights are also simulated with the NERI model for 1999 and 2000.
Approximations are made for previous years on the basis of the air
traffic development. Because of the high fuel prices in the Faroe
Islands, the statistical fuel sale figures are much smaller than calcu-
lated results for the actual flight. However, by making proper as-
sumptions the fuel sale figures are summarised according to domes-
tic, Danish and other international flights.

This distinction is also made for Greenland. Information on the total
fuel sale is available and fuel use data has been gathered for interna-
tional flights. Fuel use figures for the reverse flight are used to esti-
mate the fuel used by Danish flights. For domestic flying the fuel use
is calculated as total fuel sale minus fuel used by Danish and other
international flights.

Fuel use data for the Kingdom of Denmark in convention formats
Based on the previously derived results a 1985-2000 times series of
fuel use is produced according to the different formats of the
UNFCCC (United Nations Framework Convention on Climate
Change) and UNECE CLRTAP (United Nations Economic Commis-
sion for Europe Convention on Long Range Transboundary Air
Pollution) conventions. The data serve as input data for emission
estimates as required by the two conventions.

Dividing fuel use by passenger and freight

In this study three methods to divide the fuel use by passenger and
freight are discussed with an increased level of detail. A basic
approach is to simulate the fuel use for sole cargo flights. This has
already been done for domestic flights from 1991 to 1999 as a part of
the DEA model. If flight data for 2000 is obtained both for domestic
and international flights, a 1991-2000 fuel use inventory can be made
with the NERI model. For years prior to 2000 more rough
international estimates can be made using LTO/aircraft type statistics
already available.

Ideally an approximation of the fuel used for cargo transportation on
passenger flights can be made using the sole cargo results. This extra



fuel calculation is the product of the cargo weight ratio for passenger-
cargo flights and the fuel use for sole cargo flights. Thus data is
required for the total handled cargo weight and the cargo weight for
sole cargo flights. The most detailed approach is to use city-pair flight
data with number of passengers (with an average weight per
passenger) and cargo weight. The fuel use per flight can be estimated
with the NERI model and subsequently split into shares for
passenger and cargo.

Conclusion

In this study a method has been developed to give a consistent split
of Danish fuel sale totals into domestic and international jet fuel use
in a time series from 1985 to 2000, further broken down into fuel used
for LTO (< 3000 ft) and cruise (>3000 ft). The method is using precise
domestic and international LTO/aircraft type information from
Copenhagen Airport. More accurate cruise fuel use estimates have
been calculated based on model results from the detailed NERI
model. A good relationship exists between this study and the current
split made with the DEA model for domestic flights; the result devi-
ate between + 7 % and —2%.

The present report gives a good overview of the fuel used by flights
between Denmark and Greenland /the Faroe Islands, and the fuel use
by the remaining North Atlantic flights. This yields a precise fuel
grouping for the UNFCCC and UNECE conventions. Unrealistic
deviations in fuel sale totals suggest that the statistics for Greenland
needs further elaboration.

It is possible to make a fuel use inventory for sole cargo flights. In
terms of a fuel use approximation for cargo on passenger flights, the
cargo weight data available are still scarce and uncertain. If data are
to be included they must refer to flights leaving Danish airports.
Moreover an actual problem is that a bias is introduced in the calcu-
lations. A part of the statistical figures cover goods being transported
by trucks to airports in other countries from where it is flown out.
The prospects of making a detailed and complete cargo fuel use
inventory will become increasingly better. From 2001 and onwards
the flight statistics will presumably contain data for number of pas-
sengers and cargo weight for each flight leaving a large Danish air-
port.



Sammendrag

Formal

I Danmark er der et stigende behov for mere detaljerede opgerelser
om flys energiforbrug, dels til brug for diverse statistiske indberet-
ninger og dels som baggrundsdata til emissionsopgerelser iht. inter-
nationale konventioner. Kongeriget Danmark omfatter bade Dan-
mark, Grenland og Feergerne og afheengig af fra hvilken side der
foresporges om energitotaler, betragtes flyturene til Grenland og
Feergerne enten som indenrigs- eller udenrigsflyvninger.

Hovedformalet med dette projekt er 1) at udvikle en model der for-
deler det samlede civile jetbreendstofsalg i et indenrigs- og udenrigs-
forbrug for arene 1985-2000, og 2) at opgere breendstofforbruget i
samme periode for flyvninger mellem Danmark og Gren-
land /Feereerne samt indenrigs- og udenrigsforbruget for de to sidste
omrader. De to metoder bestemt i 1) og 2) skal bruges i fremtiden
som input til den arlige danske energistatistik. Projektets sidste for-
mal er at udvikle en metode der fordeler indenrigs- og udenrigsfor-
bruget i tal for passager- og godstransport.

Den danske energistatistik

Energistyrelsen (ENS) har fordelt det samlede breendstofsalg i inden-
rigs- og udenrigsforbrug med ENS-modellen der er udviklet af Tra-
fikministeriet. Ud fra oplysninger om flytype og start- og ankomst-
lufthavn (city-pair data) for hver enkelt flyvning kan modellen be-
regne indenrigsforbruget rimeligt preecist. Modellen kan ikke opdele
energiforbruget i LTO (Landing and Take Off, < 3000 ft) og cruise (>
3000 ft). Opdelingen er nedvendig nar breendstof- og emissionsopgo-
relser skal beregnes i det feelleseuropaeiske CORINAIR (COoRdinati-
on of INformation on AIR emissions) system.

For at fremskaffe den opdeling af breendstofforbruget som CORI-
NAIR foreskriver, bruges DMU-modellen i stedet sammen med de
arlige danske CORINAIR opgerelser. De sidstnaevnte opgorelser er
baseret pa en forbedret LTO/flytype statistik mens DMU-modellen
(en city-pair model) kan beregne breaendstofforbruget for 1998 efter
CORINAIRs opdeling. Som udgangspunkt antages at DMU-
modellens procentandele for cruise breendstofforbruget i 1998 er
preecise nok. Det samme antages at geelde for de arlige CORINAIR
LTO opgerelser.

I 1998 beregnedes det totale cruiseforbrug som det totale salg minus
den beregnede maengde for LTO. Cruisetotalen og procentandelene
fra DMU-modellen gav absolutte veerdier for indenrigs og udenrigs
cruiseforbruget. Til bestemmelse af andre ars cruiseforbrug skalere-
des de absolutte cruiseveerdier for 1998 med udviklingen i braendstof-
forbruget for LTO set i forhold til 1998. Med de herved beregnede
cruiseveerdier opstilles indenrigs og udenrigs procentandelene for
1985-2000. Endeligt bruges procentandelene til at opdele drenes vir-
kelige cruiseforbrug. Dette forbrug er forskellen mellem salget og den
beregnede meengde for LTO.



10

Brendstofforbrug for flyvninger mellem Danmark, Gren-
land/Faereerne og indenrigs flyvninger pa Gronland og Faeroerne
En tidsserie for braendstofforbruget i 1985-2000 beregnes med DMU-
modellen for flyvninger mellem Danmark og Grenland/Feergerne
(Nord-Atlantiske flyvninger). For flyvninger fra Feeroerne er data
begraenset til 1999 og 2000 mens ingen data har kunnet fremskaffes
for gronlandske starter. I situationer med datamangel bruges resul-
taterne for flyvningerne fra Danmark. Da neesten alle de Nord-
Atlantiske flyvninger er returflyvninger er den samlede total (pr.
returflyvning) rimelig preecis. Der skal dog tages et vist forbehold
med hensyn til fordelingen. P& grund af prisforskelle bliver storste-
delen af breendstoffet tanket i Danmark.

For 1999 og 2000 bruges DMU-modellen ogsd for Feereerne til at
beregne bade indenrigsforbruget og de internationale flyvningers
forbrug. Tilneermede tal for tidligere ar er bestemt ud fra udviklingen
i flytrafikken. P4 grund af de hoje breendstofpriser pa Feergerne er
breendstofsalget meget mindre end det beregnede forbrug for den
virkelige flyvning. Med diverse tillempelser kan det dog lade sig gore
at gruppere breendstofsalget efter indenrigs, danske og andre inter-
nationale flyvninger.

Denne opdeling er ogséd gjort i Grenlands tilfeelde. Den totale salgs-
statistik er tilgeengelig og forbrugsdata er blevet oplyst for internatio-
nale flyvninger. Forbrugstal for de omvendte flyvninger bruges til at
opgore forbruget for flyvninger til Danmark. Indenrigsforbruget
beregnes som totalsalget minus de danske og internationale flyvnin-
gers forbrug.

Forbrugsdata for Kongeriget Danmark ifelge konventionskrav

Ud fra projektets resultater opstilles en tidsserie for arene 1985-2000 i
formaterne for de to konventioner UNFCCC (United Nations Fra-
mework Convention on Climate Change) og UNECE CLRTAP (Uni-
ted Nations Economic Commission for Europe Convention on Long
Range Transboundary Air Pollution). Forbrugstallene bruges som
input til de videre emissionsberegninger for de to konventioner.

Opdeling af breendstofforbruget efter passager og gods

I neerveerende projekt skitseres tre metoder til at opdele flys breend-
stofforbrug efter passager- og gods med en stigende detaljeringsgrad.
En standardmetode er at beregne forbruget for rene godsfly. Dette er
allerede gjort med ENS-modellen for indenrigsflyvninger og arene
1991-1999. Hvis indenrigs- og udenrigsflydata kan fremskaffes for
2000, kan en opgerelse laves for 1991-2000 med DMU-modellen. For
arene for 2000 kan tillempede opgerelser laves for udenrigsflyvnin-
gerne ud fra den allerede tilgeengelige LTO/flytype statistik.

Ideelt set kan man lave et skon over forbruget ved godstransport med
passagerflyvninger ud fra de rene godsflys resultater. Denne ekstra
breendstofmeengde beregnes som produktet af det totale godsforhold
for passager-/godsflyvninger og rene godsflyvningers braendstoffor-
brug. Der er brug for data for den totale godsmeengde og gods-
meengden ombord pa rene godsfly. Den mest detaljerede metode er
at bruge city-pair flydata hvor ogsa antallet af passagerer (med en



gennemsnitlig veegt pr. passager) og godsvegten oplyses. Forbruget
pr. flyvning kan beregnes med DMU-modellen, og i neeste trin for-
deles i et forbrug for passager og gods.

Konklusion

I denne undersogelse er der udviklet en konsistent metode til at
opdele den totalt solgte meengde af flybreendstof i Danmark i et
indenrigs- og udenrigsforbrug. Opdelingen er gjort for arene 1985-
2000 og er yderligere grupperet efter LTO (< 3000 ft) og cruise (>3000
ft). Metoden bruger precise oplysninger om indenrigs og udenrigs
LTO/flytypefordelingen fra Kebenhavns Lufthavn. Mere preecise
cruiseforbrug er beregnet pa basis af DMU modellens resultater. Der
er en god overensstemmelse mellem denne undersogelses og ENS-
modellens resultater for indenrigsforbruget; forskellene ligger mel-
lem + 7 % og —2%.

Denne rapport giver et godt overblik over breendstofforbruget for
flyvninger mellem Danmark og Grenland/Feereerne og de ovrige
Nord Atlantiske flyvninger. Resultaterne kan grupperes preecist som
UNFCCC og UNECE konventionerne foreskriver. Urealistiske ud-
sving i totalsalget tyder pa at Grenlands breendstofstatistik kraever
yderligere arbejde.

En breendstofopgerelse kan godt laves for rene godsfly. Data for
godsmeengder er stadig mangelfulde og usikre nér et skon skal laves
over forbruget henfort til gods med passagerfly. Skal data bruges, ma
de geelde for flystarter i danske lufthavne. Et reelt problem er yderli-
gere, at der indferes en systematisk fejl i beregningen. En del af
godsmeengderne deekker over varer der transporteres ad landevejen
til lufthavne i andre lande, hvorfra de flyves ud. Udsigterne til en
komplet og detaljeret opgerelse for godsflyvningernes braendstoffor-
brug bliver stadigt bedre. Efter alt og demme vil flystatistikken fra
2001 rumme oplysninger om passagerantal og godsmaengde for hver
flyvning der starter fra store danske lufthavne.

11
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1 Introduction

In the Danish energy statistics fuel used by flights from Denmark to
Greenland and the Faroe Islands are reported as international fuel
use. This definition is in line with the requirements from the UNECE
CLRTAP (United Nations Economic Commission for Europe Con-
vention on Long Range Transboundary Air Pollution) convention.
However, the UNFCCC (United Nations Framework Convention on
Climate Change) convention prescribe this fuel use to be reported as
a part of the Danish domestic fuel use, together with the fuel used by
reverse flights and the fuel used in Greenland and the Faroe Islands
for domestic flights.

This project aims to:

1) develop a method to divide total civil aviation fuel sold in Den-
mark into domestic and international aviation fuel sale figures
from 1985 to 2000;

2) estimate the fuel used by flights between Denmark and Green-
land/the Faroe Islands, and domestic and international fuel use
for the two latter areas within the same time period;

3) develop a method which allocates domestic and international fuel
use into figures for passenger and cargo.

Both methods under 1) and 2) should be used in the future to ensure
consistent fuel use statistics.

In this study a consistent time series of fuel use for domestic and
international flights from Danish airports is produced by combining
the results from two different models. The NERI (National Environ-
mental Research Institute) model estimates the fuel use per flight for
all flights leaving Danish airports in 1998, while the annual Danish
CORINAIR inventories are based on improved LTO/aircraft type
statistics.

The NERI model will also be used to obtain fuel use results for flights
between Denmark and Greenland/the Faroe Islands. To gain a com-
plete overview of the aviation fuel use from the two latter areas,
additional fuel sale information are gathered from Statistics Green-
land and Statistics Faroe Islands together with fuel use data from
airline companies.

In chapter 2 it is explained how to improve the split between domes-
tic and international aviation fuel sold in Denmark from 1985 to 2000.
For the same time period chapter 3 describes how to simulate the fuel
use for flights between Denmark and Greenland/the Faroe Islands.
As regards Greenland and the Faroe Islands chapter 3 also explains
how to make a division in the fuel statistics between domestic and
international fuel sold. The fuel use results given in chapter 2 and 3
are used in chapter 4 to present fuel use totals according to the
UNECE and UNFCCC conventions. Methods of how to distinguish



between the fuel use for passenger and cargo transport are presented
in chapter 5.

2 Danish energy statistics

The Danish Energy Agency (DEA, 2000) aggregates information from
all seven oil companies selling fuel to Danish airports. Every year
DEA receives information from each oil company on a specific re-
porting scheme. All schemes are summarised for each individual fuel
type to give the overall Danish total for fuel used for civil purposes in
national airports.

Table 1. Total end-use of energy in Danish airports in 1999 (DEA, 2000)

End-use information International Domestic Military International Domestic Military

1999 m?] m?] m%] [TJ] [TJ] [TJ]
Jetpetrol/JP1 834,295 145,893 42,350 29,033 5,077 1,474
Aviation gasoline 125 3,471 195 4 108 6
Motor gasoline 594 995 20 33
Env. gas/diesel 2,325 4,626 83 166
Diesel 150 1,253 5 45
Heating oil 1,420 280 51 10
Other gas/diesel 0 21,785 0 781
Other Kerosene 2,045 0 71 0
LPG 27 1

In Denmark the fuel used for different purposes are well defined
(BKL 1/S, the fuel depot at Copenhagen Airport, 2000). In this way
JP1 is used by aircraft jet engines, while aviation gasoline is used for
small piston engined aircraft. Motor gasoline and Environmental
gas/diesel (very low sulphur content) and diesel oil are used by
ground handling vehicles. Heating oil is used for special purposes
like the pre-heating of aircraft and for heat generation in working
areas. The other kerosene fuel type is also used for heating purposes.

However, large uncertainties are associated with the fuel split (jet
petrol and aviation gasoline) used for domestic and international
flights. Although oil companies make this information available, they
do concede, however, that this fuel split is an unreliable measure.

2.1 Domestic/international split made by DEA

The fuel split is made by the DEA by using flight data from Copen-
hagen Airport for domestic flights. The DEA model is a city-pair
model. It uses information of aircraft type and destination airport for
each flight (Ministry of Transport, 2000a). The model assumes that all
flights are return flights. To facilitate the actual calculations, all air-
craft types are classified according to 10 representative aircraft types.
The fuel data are obtained from the Danish TEMA2000 model (see
Ministry of Transport, 2000b) and for smaller aircraft types as infor-

13



mation from airline companies. The fuel used for international flights
is subsequently estimated as the difference between the total fuel sale
figure and the domestic fuel result. Flights for Greenland and the
Faroe Islands are regarded as international flights. Table 2 shows the
fuel use from 1988 to 1999 estimated with the DEA existing method.

Table 2. Danish 1988-1999 domestic/international jet fuel use (DEA, 2000)

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
(mp [ [ [momommomn o mr e [ml

Domestic 2464 2,558 2444 2262 2226 2227 2239 2299 2510 2562 2279 1,979
International 25,093 26,045 24,887 23,031 23,838 23,318 25,598 26,244 27,579 28,177 30,282 32,132
Total 27,557 28,603 27,331 25,293 26,064 25,545 27,837 28,543 30,089 30,739 32,561 34,111

2.2 Refinement of DEA domestic/international jet
fuel split

The DEA approach does not take into account the division in fuel use
between LTO' (Landing and Take Off, < 3000 feet) and cruise (> 3000
feet) for domestic and international flights. This division of fuel use is
necessary for the European-wide CORINAIR (COoRdination of IN-
formation on AIR emissions) emission inventory system. In CORI-
NAIR country-specific fuel use and emission data are gathered and
the emissions are summarised and further reported to international
conventions such as the United Nations Framework Convention on
Climate Change (UNFCCC) and United Nations Economic Commis-
sion for Europe Convention on Long Range Transboundary Air
Pollution (UNECE CLRTAP).

All Danish environmental data (and underlying fuel use numbers)
are organised in CORINAIR and a split in aviation fuel must there-
fore be made according to the CORINAIR definitions. This yields a
consistency between the Danish aviation fuel statistics and the Da-
nish obligations in relation to international conventions and forums.
In order to make this split of fuel into LTO (<3000 ft) and cruise
(>3000 ft) the results from two different models are combined. The
two models are described in section 2.2.1 and 2.2.2.

2.2.1 The NERI model

In 1998, a detailed city-pair fuel use analysis was made at the Na-
tional Environmental Research Institute (NERI) for all IFR (Instru-
mental Flight Rules) flights leaving Danish airports (Winther, 2000
and 2001). The NERI model is based on the new detailed CORINAIR
calculation principle (CORINAIR, 1999). Air traffic data was pro-
vided by EUROCONTROL (The European Organisation for the
Safety of Air Navigation) and information on aircraft types and air-

" A LTO cycle refers to the aircraft activity in four modes from 3000 ft during 1)
descent/landing, 2) airport taxi in/out, 3) take off and 4) climb out to a level of 3000
ft.



port codes was obtained from ICAO (International Civil Aviation
Organization), see ICAO (1998, 1999). Flights to Greenland and the
Faroe Islands were classified as international flights. All aircrafts
were grouped into 24 representative aircraft types for which fuel use
and emission data were available in the CORINAIR databank
(www.eea.int/aegb/) per LTO and for distance classes. Cruise
results were estimated for each flight by adjusting for the given flight
length.

Table 3. Cruise fuel use shares per airport and domestic/international from
the Danish 1998 study

Airport Domestic International

[%] [%]
Copenhagen 25 84.5
Other airports 25 10.5
Sum 5.0 95.0

An adjustment of the domestic cruise fuel use in other airports was
made to take into account different numbers of flights from EURO-
CONTROL in the NERI model and the national estimates from the
current CORINAIR model, which uses take off numbers provided by
the Civil Aviation Agency of Denmark (CAA-DK).

2.2.2  Annual Danish CORINAIR inventories

At present no time series of city-pair flight data, with information
about each flight’s departure and destination airport, are available to
support the current Danish aviation fuel use inventory work. So far
this information is only available for the year 1998 provided by
EUROCONTROL and used in the NERI study described in 2.2.1.

The official Danish CORINAIR estimates are based on the number of
domestic and international LTOs per aircraft type (LTO/aircraft type
statistics) and their respective LTO times-in-mode. The most detailed
data are available for Copenhagen Airport, see Copenhagen Airport
(1998 and 2001), where an Environmental Impact Assessment (EIA)
has proposed 20 aircraft types to represent all aircraft and as a part of
this made a survey to determine the most frequently used engine in
these 20 representative aircraft types (Copenhagen Airport, 1996).
Other Danish airports only submit their statistics for domestic and
international LTOs for large and small aircraft (Statistics Denmark;
1986, 1989-1999 and CAA-DK, 2000, 2001a). Flights to Greenland and
the Faroe Islands are regarded as international flights.

2.3 Refinement procedure for
domestic/international fuel split

The Danish CORINAIR inventories can be improved both for LTO
and cruise. Previously (until 2000) information about the total num-
ber of LTOs per aircraft type was obtained from Copenhagen Airport
and subsequently NERI made an estimate of the split between do-
mestic and international fuel use.
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Now the distinction between domestic and international LTOs can be
made directly (since 2000) using new flight information from Copen-
hagen Airport for the years 1991-2000, which improves the precision
of the final LTO results. For cruise the estimates also become more
accurate by using both the improved LTO results, and in particular
the cruise results from the detailed 1998 study.

The improvement of LTO fuel use is described in section 2.3.1 and the
improvement of cruise fuel use in section 2.3.2.

2.3.1 Refining LTO fuel use

From LTO times-in-modes (approach/landing, taxiing, take off and
climb out), the fuel use factors are computed for Copenhagen Airport
by using engine specific fuel flow indices from the ICAO engine
exhaust emission data bank (see ICAO, 1995) for the representative
aircraft types:

4
FC[LTOZZtm.ﬁm 1)
m=1
Where

FC, ., = Fuel Consumption per LTO for aircraft type i (in kg)

t_ = The time duration of LTO-mode m in seconds

tf =Fuel flow for mode m (kg per second)

m = mode (1= approach/landing, 2= airport taxi, 3= take off, 4=
climb out to 3000 ft)

i = aircraft type (i=1,2,....,20).

Other airports are treated in the model as one, and for domestic
flying aggregated LTO data for Copenhagen Airport is used slightly
modified for lower taxi-times. This assumption can be made since
almost all domestic trips (scheduled and charter) are made via Co-
penhagen Airport.

Now it is possible to calculate the total LTO fuel use for each airport
by using fuel use per LTO and aircraft type, i, (FC ) in combination
with the number of LTOs per aircraft type i:

LTO

20
ZFC’LTO = NlLTO ’ FC’LTO (2)
i=1

Where
N,,, =Number of LTOs made with aircraft type i.

Appendix 1 and 2 show the fuel use factors per LTO and aircraft type
and the number of LTOs per representative aircraft type in different
airports for the years 1985-2000. Based on numbers from appendix 1
and 2 the following example illustrates the method:

The fuel use factor (FC,,) for the aircraft type B737 in Copenhagen
Airport is calculated using formula (1) and the fuel use for the four
LTO modes given in appendix 1:

1449 kg + 153.8 kg + 124.8 + 57.8 kg =481,3 kg JP1 (3)



which can be converted into 20.9 GJ by using a calorific value of 43.5
GJ/ton of JP1.

In 2000 the aircraft type B737 made 27,100 LTOs in Copenhagen
airport with international destination (N, ) as can be seen in appen-
dix 2. Thus the total fuel use by aircraft B737 in Copenhagen airport
in the year 2000 is calculated as 20.9 GJ per LTO times 27,100 LTOs;
this gives a fuel use of 566 TJ.

To end up with total LTO figures the calculations in (2) is repeated
for all aircraft types and summed up separately for Copenhagen
Airport and other airports, and for domestic and international LTOs.
Appendix 3 shows each year’s LTO fuel use results per aircraft type
in Copenhagen Airport and as totals for other airports with a distinc-
tion between domestic and international.

2.3.2 Refining cruise fuel use

The total cruise fuel use is estimated as the difference between the
total aviation fuel use from DEAs sale statistics and the total LTO fuel
use from above. The split of total cruise fuel use into airports and
domestic/international flights is based on the findings from the 1998-
NERI study (table 3 in section 2.2.1).

The amount of cruise fuel allocated to Copenhagen/Other airports,
for domestic and international flights in 1998 then becomes:

FC}.(1998) = % FC/, (1998, NERI) - FC_,(1998) (4)

Where
FC./ = Fuel consumption for cruise by flights from j
j = 1=Copenhagen airport, domestic, 2=Other airports,

domestic, 3= Copenhagen airport, international, 4= other
airports, international

%FC,, (1998 NERI) = Share of fuel use by flights from j based on the
NERI study from 1998.

FC_, (1998) = Total cruise fuel use (based on total sold aviation fuel
minus LTO fuel use)

The split in cruise fuel use between Copenhagen/Other airports, for
domestic and international flights for a given year, X, is calculated in
two steps. The first step estimates the shares in table 3 for the given
year X. In the second step these estimated shares are used to
distribute the total cruise fuel use in year X, since the cruise total is a
known actual figure based on the sales figures for total aviation fuel
minus the total LTO fuel use in year X. In the first step the estimated
cruise share is assumed to develop like the LTO fuel use over time.
From formula (4) it is seen that if LTO fuel use in year X for flights
from j accounts for 80 % of LTO use in 1998 for flights from j, then the
cruise fuel use in year X for flights from j is also assumed to account
to 80 % of the corresponding fuel use in 1998:
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FCJ,,(X)

FCl,(X)=FC/,(1998)- , wherej=1,.4 (5)

FC/,,(1998)
The sum of fuel used for cruise flying is a sum of the four cruise fuel
contributions:
. A FC/,, (X
FCoy(X) = Y FCl,(1998) - CiroX) )
= FC/,,(1998)

The cruise sub-totals and total cruise fuel use found in (5) and (6) take
into account the changes in LTO fuel use from the baseline year 1998.
This correction expresses the change in aircraft types and number of
operations. However, variations in the flight length distribution over
the years are not compensated for since no aircraft/city-pair infor-
mation is available for each calculation year to refine this study.
Instead (5) and (6) can be transformed in a second step which as an
end result gives the true cruise fuel use sum.

The true total for cruise fuel use in a given year, FC_ . .(X) is known
as the difference between total aviation fuel use and total LTO fuel
use. The difference between this total and the total found in step 1
must be distributed into the four cruise parts to end up with correct
numbers. The distribution is made on the basis of the cruise fuel use
amount for each sector found in (4). The true amounts become:

: FC/.(X)
FCéR,TRUE (X)= FCCR,TRUE (X)m 7)
Finally the true cruise total is found as:
- FC/.(X)
FCCR,TRUE (X)= ; FCCR,TRUE (X)m 8)

Based on the LTO fuel use results from appendix 3 and fuel sale
tigures for JP1 in 1998 (table 2) the following example for 1999 illus-
trates the method. Equation (4) yields the cruise fuel use in step 1 for
each airport and domestic/international:

FC!.,
FClr(1999) = FCLe (1998)- M — (32,5617 —3,650T7)-2.5% - ool _ 66377 9)
FC} 1 (1998) 42077
FCin(
FCZp(1999) = FC2, (1998) -M — (32,5617 —3,65077)-2.5% - 220 _ 6741y (10)
FC?,(1998) 347TJ
FC;(1999) 2,728TJ

FC},(1999) = FC2, (1998)- = (32.561T7 —3,650T7)-84.5% -

L =25756T7 (11)
FC;} ) (1998) 2,587TJ



FC}70(1999) 276TJ

FC},(1999) = FC,(1998) - =(32,561TJ —3,65077)-10.5% - ——=2.823T] (12
o * FC} 7o (1998) 29677 (12)

Equation (5) gives the total cruise fuel use in 1999 calculated in step 1:

4
FCy(1999) = > FCL,(1999) = 29,917TJ  (13)

=

Now the true domestic/international cruise fuel use is found for each
airport using equation (6):

FClg 1rue (1999) = FCop 1y (1999) % = (3411177 —3,707T7) -296’69% = 67477 (14)
FC2p rrui (1999) = FC gy (1999) -% = (34,111T7 —3,707T7) '296,794% = 68577 (15)
FClg1rur (1999) = FCp 1y (1999) -% = (34,111T7 —3,707T7) -% =26,175TJ (16)
FCx rrur (1999) = FC tg 1y (1999) -% = (34,111T7 —3,707T7 )- 229’?92% =286977 (17)

Table 4 shows the fuel use results based on the new refined methods
dividing aviation into LTO fuel (use < 3000 ft) and cruise (> 3000 ft),
as described above.

Table 4. Refined 1985-2000 fuel results for JP1 in Denmark

Airport  Category 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Mg my my my @My myg my my my Mg myy m mr m M
CPH  Dom.LTO 350 377 402 424 453 445 407 426 413 413 450 474 495 420 383 337
Other  Dom.LTO 322 340 356 372 392 368 354 360 347 336 365 392 406 347 320 281
Alls  Dom.LTO 672 717 758 796 844 814 760 785 760 749 815 866 901 767 703 618
CPH  Int.LTO 1678 1726 1825 1908 1,988 1,974 1865 2004 2034 2093 2,187 2,339 2514 2587 2728 2756
Other  Int. LTO 75 80 86 92 133 17 138 149 168 175 202 287 296 296 276 281
All Int. LTO 1,752 1,806 1,911 1999 2121 2145 2003 27153 2,202 2267 2,389 2626 2811 2883 3004 3,037
CPH  Dom. cruise 687 760 829 889 924 857 775 777 722 773 814 818 814 727 674 603
Other  Dom. cruise 770 835 895 948 974 863 820 799 739 765 804 824 811 731 685 610
All Dom. cruise 1457 1595 1724 1837 1,898 1,720 1,595 1576 1,461 1538 1617 1642 1625 1458 1,359 1213
CPH Int. cruise 17,966 18,983 20,538 21,789 22,130 20,705 19,379 19,942 19,381 21,350 21,560 22,023 22,522 24,426 26,175 26,827
Other  Int. cruise 867 959 1,050 1,136 1,609 1,947 1,555 1,608 1,740 1,933 2,161 2,932 2,880 3,028 2869 2,969
All Int. cruise 18,833 19,942 21,589 22,925 23,740 22,653 20,934 21,550 21,122 23,283 23,721 24,955 25402 27,454 29,045 29,796
All Cruise Sum 20,291 21,537 23313 24,762 25637 24,372 22,530 23,126 22,582 24,821 25338 26,597 27,027 28,912 30,404 31,009
Total 22,715 24,059 25,981 27,557 28,603 27,331 25,293 26,064 25,545 27,837 28,543 30,089 30,739 32,561 34,111 34,664

2.3.3 Differences between DEA and refined fuel results

Table 5 shows the results from the new method and the results from
the existing DEA method. The last rows in table 5 include an index
showing the deviation between the two methods. A good relation-
ship exists between the DEAs current method for domestic fuel use
and this study’s refined method for domestic jet fuel figures, with the
index showing a difference from -2 % to + 7 %. This corresponds to
184 T] more domestic fuel use in 1989 and 54 TJ less in 1998.
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Table 5. Refined Danish jet fuel statistics and percentage of DEA figures
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

[TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ]

New Dom. 2,129 2,311 2,482 2,633 2,742 2,533 2,355 2,361 2,221 2287 2433 2,508 2,526 2,225 2,062 1,831
refined  Int. 20,586 21,748 23,499 24,924 25,861 24,798 22,938 23,703 23,324 25,550 26,110 27,581 28,213 30,337 32,049 32,832
method Total 22,715 24,059 25,981 27,557 28,603 27,331 25,293 26,064 25,545 27,837 28,543 30,089 30,739 32,561 34,111 34,664
DEA Dom. 2,031 2,152 2,324 2,464 2558 2,444 2262 2226 2227 2239 2299 2510 2562 2279 1,979 -
Existing Int. 20,684 21,908 23,658 25,093 26,045 24,887 23,031 23,838 23,318 25,598 26,244 27,579 28,177 30,282 32,132
method Total 22,715 24,059 25,981 27,557 28,603 27,331 25,293 26,064 25,545 27,837 28,543 30,089 30,739 32,561 34,111
Differ-  Dom. 105 107 107 107 107 104 104 106 100 102 106 100 99 98 104
ence

Int. 100 99 99 99 99 100 100 99 100 100 99 100 100 100 100

Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

24 Conclusion

Fossil fuel products used for different purposes are well defined in
Danish airports. In this study a consistent split in jet fuel for domestic
and international use has been achieved in a time series from 1985 to
2000. The approach has been to develop a method that gives the
necessary fuel split to support the calculation of Danish aviation
emissions in the CORINAIR emission inventory system. In this way
the total fuel use is broken down into fuel used for domestic and
international LTO (< 3000 ft) and cruise (>3000 ft). Two major im-
provements have been achieved:

1) It is now possible to distinguish directly between domestic and
international flights from Copenhagen Airport. The improved
LTO/aircraft type data is provided by the airport itself and the
overall national LTO numbers come from CAA-DK.

2) More accurate cruise fuel use estimates have been calculated based
on model results from the detailed NERI model. The NERI model
uses detailed city-pair flight information for the year 1998.

In both models flights for Greenland and the Faroe Islands are re-
garded as international flights.

A correspondence exists between the new fuel use split and the cur-
rent split made with the DEA city-pair model for domestic flights;
result deviations are between + 7 % and —2%.

To make the split in domestic and international fuel use in the future
four kinds of information is needed:

1) The total JP1-fuel sale figure for aviation.

2) Information about LTOs for each aircraft type and divided be-
tween international and domestic LTOs from Copenhagen Air-
port (see appendix 2).

3) The official Danish LTO numbers from CAA-DK. (see appendix 2).

4) Fuel use factors per aircraft type according to local airport LTO
times-in-modes (see appendix 1).
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3  Fuel use for flights between
Denmark, Greenland/the Faroe
Islands and domestic
Greenland/Faroe flights

3.1 Fuel wuse for flights between Denmark,
Greenland and the Faroe Islands

In chapter 2 it was explained how to divide all sold Danish jet petrol
into domestic and international use for the years 1985 to 2000. The
underlying flight data was official Danish take off numbers (from
CAA-DK) and take off numbers from Copenhagen Airport, and
EUROCONTROL city-pair flight data used in the NERI model for
1998. Since in general no city-pair data with information about desti-
nation airport is available from CAA-DK, the method explained in
chapter 2 cannot be used to make a special estimation of the fuel used
by flights heading for Greenland and the Faroe Islands (North-
Atlantic flights). Instead city-pair data for North-Atlantic flights must
be provided by the airports in question and used as input to special
simulations within the NERI model.

From Copenhagen Airport (2001), city-pair data was provided from
1991 onwards for flights leaving Copenhagen Airport bound for
Greenland and the Faroe Islands. Before 1991 the flying activity re-
mained constant at the same level as in 1991 (CAA-DK, 2001b). Since
1995 a small number of flights to the Faroe Islands are also made
from the airports of Billund and Arhus. Exact information from
Arhus Airport was only provided for 1999 and 2000 and from Billund
Airport for 1998 to 2000 (Billund Airport, 2001a). For Arhus Airport
data from 1999 are likely to represent the years 1995-1998 (Arhus
Airport, 2001). In the case of Billund Airport, the flying activities in
1996 and 1997 equal the 1998 reported figures, while the flight num-
bers before 1996 are very small and thus not taken into account in this
study (Billund Airport, 2001b). All flights are shown in appendix 4 by
year, origin and destination airports and representative aircraft type.

For LTO the total fuel use is calculated by using equation (2). For
each representative aircraft type the LTO fuel use factors originate
from CORINAIR - modified for local airport taxi times in the NERI
model, see Winther (2001). The LTO factors are also shown in appen-
dix 4. As an example 183 flights were made with the representative
aircraft B767 from Copenhagen Airport to Kangerlussuaq (Sendre
Stremfjord) in Greenland in 2000. For this specific aircraft type equa-
tion (2) gives the LTO fuel use:

FC(B767)= N/ - FC!JS" =183-1,271kgJP1 =233tJP1 (18)

All LTO fuel use results for the North-Atlantic flights are given in
appendix 5 per representative aircraft for the year 1991 and onwards.
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FC(1849NWl) = FC1500 +

FCor(y)=FC, +

(1849 -1500)
2000 -1500 2000 -1500

To estimate the cruise fuel use for each flight the two equations (19)
and (20) are used. In these equations x, and x_, denominate the sepa-
rate distances and the maximum distance respectively for which the
fuel use is known. These background data originate from CORINAIR
(see Winther, 2001) and are given in appendix 6. The parameter y
denominates the great circle distance for the individual flight in
nautical miles (1 NM = 1.852 km), and are given as a part of the
North-Atlantic flight data in appendix 4. The cruise fuel use FC_.(y)
becomes:

(y—x;)

Xip1 =X

«(FC, —FC,) x<y<x,,,i=0,1,2...max (19)

i+1/

If the flight distance y exceeds x,, the equation for calculating the
cruise fuel use is:

(y B xmax)

Xmax ~ Xmax-—1

(FC, -FC, ) y>x_ (20)

Xmax Xmax—1 max

FCCR(y)= chmx +

The flight distance between Copenhagen Airport and Kangerlussuaq
(Sendre Stromfjord) is 1849 Nm. The exact cruise fuel use per aircraft
type for this distance is not listed in appendix 6. However, an ap-
proximation can be made for the B767 aircraft type by using equation
19 with cruise fuel use figures for 1500 and 2000 Nm:

(1849 —1500)

(FCspp0 — FCys00) =13,791+ - (18,469 —13,791)kg =17,056kg  (21)

The cruise fuel use for all 183 flights are found as 183 times 17,056 kg
= 3,121 tonnes JP1. The total fuel use for all 183 flights is the sum of
LTO and cruise: 233 tonnes + 3,121 tonnes = 3,354 tonnes JP1. This
total equals 146 T] using a calorific value of 43.5 GJ per tonne of JP1.
All cruise fuel use results for the North-Atlantic flights and the years
1991-2000 are shown in appendix 5.

Each year’s fuel use totals are computed by adding the fuel use esti-
mated for LTO and cruise per representative aircraft type for all
flights. These totals can be seen in table 6.

Table 6. Fuel use for flights between Denmark, Greenland and the Faroe Islands’

Origin_ Destination 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Mg mya myq my g [myg [y [y [myg [myg [myg My Mg (Ml (Ml [m
Denmark Faroe Islands 140 140 140 140 140 140 140 131 122 129 130 139 138 164 181 184
Faroe Isl. Denmark (140) (140) (140) (140) (140) (140) (140) (131) (122) (129) (130) (139) (138) (164) (181) (184)
Denmark  Greenland 160 160 160 160 160 160 160 189 186 171 171 182 207 230 270 284
Greenland Denmark (160) (160) (160) (160) (160) (160) (160) (189) (186) (171) (171) (182) (207) (230) (270) (284)
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Source: NERI model simulations based on flight data from Copenhagen Airport.

No air traffic takes place between the Faroe Islands and Greenland. If
no other information is available, the fuel used by flights between

* Numbers in parentheses are estimates based on the assumption that alle flights are
return flights.



Denmark-Greenland and Denmark-the Faroe Islands respectively can
be assumed to represent the fuel use for the return flights from
Greenland and the Faroe Islands going to Denmark. In terms of flight
data this is a precise assumption. Almost all the North Atlantic flights
are return flights and the total fuel use estimate (per round trip) is
fairly precise. However precautions must be taken in terms of fuel
allocation: Due to fuel price differences more fuel is being lifted up in
Copenhagen Airport compared with the fuel uplift in Greenland and
the Faroe Islands (Greenlandair, 2001a and Atlantic Airways, 2001).

3.2 Fuel use for international flights from the
Faroe Islands

To get more knowledge about the flying activities at the Faroe Islands
city-pair flight information has been obtained from Vagar Airport for
the years 1999 and 2000 (CAA-DK, 2001c). Flight data are listed in
appendix 4 and since all flights to and from the Faroe Islands pass
through Vagar Airport, data encompass all international aviation.
The fuel use is calculated with the NERI model as explained in the
previous paragraph using equation (19) and (20) together with input
data from appendix 4. All results for the years 1991-2000 are shown in
appendix 5 per representative aircraft.

The total results for 1999 and 2000 show that around 90% of all inter-
national jet fuel are used by flights bound for Denmark (table 7).
Flight data from Copenhagen Airport and CAA-DK in Vagar are
almost identical as regards number of flights and thus give almost the
same amount of fuel computed. Due to this equality for the years
1999 and 2000 and due to the lack of data from CAA-DK in Vagar for
the years before 1999 the city-pair information from Danish airports
can be used to represent the flights from Vagar to Denmark for the
years 1985-1998. Precautions must be taken as mentioned previously
in relation to fuel allocation. Because of fuel price differences most of
the fuel used by return flights between Denmark and the Faroe Is-
lands is being lifted up in Denmark.

Table 7. Fuel use simulated for international flights from the Faroe Islands

Origin country Destination country Fuel [TJ]
1999 2000
Faroe Islands Denmark 176 181
Faroe Islands Iceland 10 14
Faroe Islands Norway 1 3
Faroe Islands Scotland 6 7

Source: NERI model simulations based on flight data from Vagar Airport.

An overview has shown that the number of flights bound for Iceland
has been constant for many years, with an increase of about 10%
starting in 1998. Flights for Norway was first opened in 1999. Until
1998 the number of flights for Scotland were only one fifth of today’s
numbers (CAA-DK, 2001c). For flights going to Denmark the fuel use
numbers in table 7 should be used for 1999 and 2000, while for 1985-
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1998 the fuel use numbers in table 6 are used. The fuel use per desti-
nation country for flights leaving the Faroe Islands is summarised in

table 8.

Table 8. Summary of simulated fuel use by international flights from the Faroe Islands

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

[TJ] [TJ] [MJ] [T [T [T1J]  [MJ] [TJ] (M) [Td] (M) [TJ] [Tl [TJ]  [TJ] [TJ]
Faroe Isl. - DK (140) (140) (140) (140) (140) (140) (140) (131) (122) (129) (130) (139) (138) (164) 176 181
Iceland 9 9 9 9 9 9 9 9 9 9 9 9 9 10 10 14
Norway 1 3
Scotland 1 1 1 1 1 1 1 1 1 1 1 1 1 6 6 7
Total 150 150 150 150 150 150 150 141 132 139 140 149 148 180 193 205

Source: NERI model simulations based on flight data from Vagar Airport.

3.3 Fuel use by domestic flights in the Faroe

Islands

Domestic flying in the Faroe Islands is solely done by the use of a Bell
212 helicopter. Average fuel use in kg/hour and the number of flying
hours were combined in order to calculate the fuel use (Atlantic
Airways, 2001). Domestic flying in the Faroe Islands has been at
approximately the same level in the period 1988-1999, and it is there-
fore recommended to use the fuel use figure for 1999 as for earlier

years.

Table 9. Fuel use for Faroe internal flights

Year  Origin country  Fuel flow  Flying hours Total Fuel use

[kg/time] [timer] [tonnes]  [TJ]
1999 Faroe Islands 300 683 205 10
2000 Faroe Islands 300 781 234 11

Source: Atlantic Airways.

3.4 Fuel sales in the Faroe Islands

Information from Statistics Faroe Islands based on reported figures
from Statoil, the only oil company supplying fuel in Vagar Airport,
gives a total of 86 TJ jet fuel sold in 2000 (Statistics Faroe Islands,

2001).

Table 10. Aviation fuel sale figures in the Faroe Islands

1995 1996 1997 1998 1999 2000

Jet fuel m?® 1,928 2,109 2,209 2,402 2,801 2474
Aviation gasoline m°® 60 60 60 60 60 60
Total m?® 1,988 2,169 2,269 2,462 2,861 2,534
Jet fuel TJ 67 73 77 84 97 86
Aviation gasoline TJ 2 2 2 2 2 2
Total TJ 69 75 79 85 99 88

Source: Statistics Faroe Islands.

Based on the statistical fuel sale figures and the simulated fuel use for
domestic and international flights a time series of fuel sales can be
made for the Faroe Islands also divided into flight categories. To
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make these time series the fuel sale statistics are assumed to be pre-
cisely enough along with the simulated fuel use for domestic flying.
The example given in table 11 for the year 2000 demonstrates the
overall approach.

There is a big gap between the total fuel sale of 86 TJ] and the simu-
lated figures from the present study; 181 T] (Denmark) + 24 TJ (Other
international) + 11 TJ (domestic) = 216 TJ. It is likely that a major part
of the fuel used by flights for Denmark, Iceland and Norway is actu-
ally being lifted up in these countries, due to fuel price differences
(Atlantic Airways, 2001). This is reflected by the figures in table 11.
The flights for Denmark and Iceland/Norway respectively, take their
relative share (from simulations) of the fuel left from the total when
the fuel used by domestic and Scottish flights have been subtracted.

Table 11 Fuel sale total and per flight category in 2000 for the Faroe Islands

Fuel sale in Vagar Airport TJ
Total 86
Domestic flying (estimated) 11
International flying (estimated) 86-11 =75
Flights for Scotland (estimated) 7
Flights for Denmark (estimated) 181/(181+14+3)*(75-7) = 62

Flights for Iceland and Norway (estimated) (14+3)/(181+14+3)*(75-7) = 6

Other international (estimated) 7+6 =13

The procedure explained above leads to the final time series of fuel
sales in table 12 for the Faroe Islands also divided into flight catego-
ries.

Table 12 Fuel sale totals for the years 1985-2000 and per flight category for the Faroe Islands
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
MJ] [TJ] [TV [J] [TJ] [T [TJ] [TJ] [TJ] [T [TJ] [TJ] [TJ] [TJ] [TJ] [TJ]
Total sale 67 67 67 67 67 67 67 67 67 67 67 73 77 84 97 86

Faroe-DK 53 53 53 53 53 53 53 52 52 52 52 58 62 64 76 62
Other int. 4 4 4 4 4 4 4 5 5 5 5 5 5 10 11 13
Domestic i0 10 10 110 10 10 10 10 10 10 10 10 10 10 10 11

Source: Total sale, Statistics Faroe Islands; Faroe Islands-DK and Other international, adjusted NERI-
model results; Domestic, NERI-model.

3.5 Fuel use for flights from Greenland

No official flight statistics for Greenland could be made available for
this study. Instead, fuel use information in total numbers is gathered
by Statistics Greenland as a part of their national fuel sale inventory
for 2000 (Statistics Greenland, 2001). This inventory also contains fuel
sale figures back to 1982. No distinction is made between domestic
and international aviation fuel use, but in practice all fuel is used for
civil aviation.

Most of the domestic flights in Greenland are carried out by Green-
landair (2001a, b), First Air (2001) and Alpha Air (2000) and informa-
tion on fuel use has been obtained from these airline companies. A
few international trips are bound for Canada (First Air and Green-
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landair) and Iceland (Greenlandair and Icelandair), although interna-
tional flying is dominated by flights headed for Copenhagen Airport
as the only Danish destination.

The majority of domestic fuel is used by Greenlandair. An overview
of the flying activity for the other airline companies in historical years
show that First Air had approximately the same domestic fuel use in
1997 and 1998 as given for 1999 and no domestic flying before 1997.
Their international fuel uplift in Greenland in 1995-1998 was mar-
ginal (similar size as for the year 2000) and even lower from 1981-
1994 (First Air, 2001). Air Alpha began flying in Greenland in 1994
and the activity and hence fuel use has increased year by year up to
today’s figures (Air Alpha, 2000). No information has been obtained
from Icelandair.

Table 13. Jet fuel use information for Greenland obtained by airline compa-
nies

Year Company Domestic International
[TJ] Denmark Other countries  Total
[TJ] [TJ] [TJ] [TJ]
1999 Air Alpha 10 - -
Greenlandair 340 219° 13° 232°
First Air 17 - 10 10
Total 367 219 23 242
2000 Air Alpha 10 - -
Greenlandair 353 2 1014
First Air - - 3 3
Total 363 - 5 104

Source: Airline companies.

The majority of international fuel is used by flights bound for Copen-
hagen, although in table 13 only fuel figures from Greenlandair are
listed for this route (also for reverse flying). Since in practise all
flights between Greenland and Denmark are round trips, a compari-
son with fuel figures from Statistics Greenland could be made in the
following way:

1. For domestic and ”other international countries” use figures from
table 11. Take only half of the other international fuel figures by
Greenlandair since they report fuel also for the return flights. For
1999 this yields: 10 T]J+340 TJ+17 TJ+6,5 T]+10 TJ= 384 TJ. For 2000
the fuel amount is: 10 TJ + 353 TJ + 1 T] + 3 T] = 367 TJ.

2. For international flights to DK let the fuel amount from table 7
(1999: 270 TJ and 2000: 284 TJ) represent the fuel use for these
flights. The total fuel use based on information from airline com-
panies and NERI model results gets: 384 T]+270 TJ= 654 TJ (1999);
and 367 TJ + 284 T] = 651 TJ.

* Also for return flights
! Fuel uplift in Greenland



Table 14. Fuel use from Statistics Greenland, airline companies and NERI estimates

Year  Statistics Greenland Airline companies NERI simulations Airline companies/
NERI simulations
Total Domestic  International DK-Greenland Total calculated
TJ TJ TJ TJ TJ
1999 721 367 17 270 654
2000 830 363 4 284 651

The fuel use data behind this study has been validated by SAS in
Copenhagen (2001a) per flight for the aircraft type B767 and by flight
numbers by SAS in Copenhagen and in Sendre Stremfjord (SAS,
2001a and 2001b). As regards the aircraft type B757, Greenlandair
reports a fuel use around 20% higher for a Sendre Stremfjord-
Copenhagen-Sondre Stromfjord return flight compared with the fuel
use behind the NERI model (Greenlandair, 2001b). In spite of this
difference the total NERI results are close to the fuel use in actual
flights, since the total B757 fuel use comprises less than half of the
grand fuel use total for the flying between Greenland and Denmark.
The discrepancy between Statistics Greenland and airline compa-
nies/NERI simulation figures is moderate in 1999 (around 9%), how-
ever increasing to 22% in 2000. The missing fuel amount from Icelan-
dair international flights plays no role in the total budget.

If extra fuel was added to the NERI B757 simulated numbers, as
indicated by Greenlandair figures for everyday fuel consumption, the
fuel sale/simulated fuel use discrepancies would be somewhat
smaller. However, one important issue would tend to once again
widen the gap between simulated fuel use and fuel sale figures:
Under actual flying conditions the experience is that 2/3 of all fuel is
being lifted up in Copenhagen Airport while only 1/3 is lifted up in
Greenland (Greenlandair, 2001a).

For the years 1985-2000, a time series of fuel use can be established
from the fuel sale figures reported by Statistics Greenland (2001). The
JP1 sales are reported directly in the statistics for 1993 to 2000. Due to
lack of data for previous years the 1993 JP1 sales figure is used to
represent the 1985-1992 time series totals. For all years the next step is
to subtract the fuel used by flights from Greenland to Denmark and
other international flights, and in this way obtain figures for domestic
fuel use. Even though big uncertainties exist as regards fuel sold
versus fuel used by flights other than domestic ones, the procedure
for making a split in fuel use as outlined above is the only feasible
way forward with the present data available.

Table 15. Time series of total fuel sales and per flight category in Greenland

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
[TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ]
Total sale 309 309 309 309 309 309 309 309 309 265 291 345 375 905 721
Greenland- 160 160 160 160 160 160 160 189 186 171 171 182 207 230 270
DK
Other int. 3 3 17
Domestic. 149 149 149 149 149 149 149 120 123 93 120 163 165 672 434

Source: Total sale, Statistics Greenland; Greenland-DK, NERI-model; Other international, Airline companies

(1999 /2000 table 12).

The large fluctuations in fuel sales suggest that the fuel sale statistics
are still imprecise. Some indications are given that the 1993-1997

27



28

figures tend to be to low whereas the figures for 1998-2000 might be
higher than accurate numbers. Two arguments motivate this. The air
traffic has increased in Greenland during the time period; however,
not at a level more than doubling the JP1 fuel sales from 1997 to 1998
as can be seen in table 15. Also the differences in 1999 and 2000 be-
tween fuel sold and fuel simulations (table 14) raise concern - given
the fact that the differences would become real if the effect of fuel
price differences on fuel used by international flights could be ac-
counted for in the simulations (as mentioned previously in this para-

graph).

3.6 Conclusion

In order to estimate the fuel used in future years by flights from
Denmark to Greenland and the Faroe Islands, respectively, city-pair
flight data must be obtained directly from the airports of Copenha-
gen, Billund and Arhus. In this study this has been done for historical
years: With some modifications a consistent time series of fuel use by
North-Atlantic flights has been produced for the years 1985 to 2000.
In situations where no other information is available these results can
also represent the flights from Greenland and the Faroe Islands ar-
riving in Denmark. The reverse sum gives a fairly accurate estimate.
However, it must be stated that airline companies tend to take up
more fuel in Denmark. Fuel price differences have a big influence on
the precise fuel allocation.

For Greenland and the Faroe Islands domestic and international fuel
use estimates have been made for 1985-2000. Internal flying in the
Faroe Islands is solely helicopter flying. To make future estimates
Atlantic Airways must be asked each year for data on flying hours
and specific fuel use (as given in table 8). For international flights
city-pair flight data must be provided by CAA-DK in Vagar Airport
and used as input in the NERI model for fuel use simulations. On the
same time fuel sale statistics must be provided by Statistics Faroe
Islands. A big gap exists between these figures and the NERI model
results. Therefore the latter figures must be adjusted in order to
achieve a full consistency between model and statistical numbers.

For Greenland an effort still needs to be made in order to establish
consistent aviation fuel use statistics. Considering the data available a
time series of fuel use in Greenland should be made in three steps.
Firstly, the total fuel sale figures must be obtained from Statistics
Greenland. Secondly, the fuel used by flights for Denmark should be
simulated with the NERI model, and fuel use information for other
international flights should be obtained from airline companies. The
final step is to let the difference between fuel sold and simu-
lated/airline figures represent the fuel use for domestic flying. Still
big uncertainties prevail for international aviation in terms of actual
fuel uplift/actual fuel use stemming from fuel price differences.

In table 16 a summary is given of the fuel use for flights between
Denmark, Greenland and the Faroe Islands. It must be noted that the
fuel use shown in the table for flights between Denmark and the
Faroe Islands and reverse do not reflect the actual fuel uplift in Den-



mark and the Faroe Islands stemming from fuel price differences.
However, the sum is considered to be fairly precise.

Table 16. Fuel use for flights between Denmark, Greenland and the Faroe Islands

Flights 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

(M My [mJ [my [y [ [ [my (M [y [y [my [m] (1] [T [TJ]

Domestic Faroe Islands 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 11
Domestic Greenland 149 149 149 149 149 149 149 120 123 93 120 163 165 672 434 542
Denmark — Faroe Islands 140 140 140 140 140 140 140 131 122 129 130 139 138 164 181 184
Denmark - Greenland 160 160 160 160 160 160 160 189 186 171 171 182 207 230 270 284
Faroe Islands - Denmark (140) (140) (140) (140) (140) (140) (140) (131) (122) (129) (130) (139) (138) (164) 176 181
Greenland — Denmark (160) (160) (160) (160) (160) (160) (160) (189) (186) (171) (171) (182) (207) (230) (270) (284)
International Faroe Islands 10 10 10 10 10 10 10 10 10 10 10 10 10 16 17 24
International Greenland 3 3 17 4

4  Aviation fuel use data for the
Kingdom of Denmark in convention
formats

Denmark is a party to two conventions established to mitigate the
harmful effects of global warming and acidification/eutrophication
caused by man made air pollution. The UNFCCC (United Nations
Framework Convention on Climate Change) convention addresses
the greenhouse effect. In a protocol to the convention, the Kyoto
protocol, it was agreed to reduce the emissions of the most important
climate gases in the target years 2008-2012 related to the baseline year
1990. The UNECE CLRTAP (United Nations Economic Commission
for Europe Convention on Long Range Transboundary Air Pollution)
convention contains several protocols; each of them have specific
baseline and target years for emission components contributing to the
overall acidification and eutrophication.

Every year Denmark is obliged to submit their national fuel use and
emission estimates for air traffic as well as other sectors. The green-
house gas emission reports are submitted to the climate convention
secretariat in Bonn and the UNECE emission reports are submitted to
the UNECE secretariat in Geneva. In general fuel estimates for
Greenland and the Faroe Islands are not reported independently.
Fuel figures for these two areas will always be a part of the total for
the Kingdom of Denmark in situations where they are included as
geographical areas. Within the frames of the UNFCCC convention,
the Danish fuel estimates also contain figures for Greenland and the
Faroe Islands. In opposition to this in the UNECE convention Green-
land and the Faroe Islands are outside the Danish physical bounda-
ries and are not parties to this convention as individual countries.

Due to lack of data it has not been possible until now to bend aviation
fuel totals according to the specific UNFCCC and UNECE formats.
Instead fuel use data has been used in a format as described in chap-
ter 2. All jet fuel sold for civil purposes in Danish airports is ac-
counted for and the flights for Greenland and the Faroe Islands are
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regarded as international flights. However, with the knowledge
gathered in the present study a precise grouping of fuel totals can
now be made to serve the specific convention needs.

According to the UNFCCC convention flights between airports in the
Kingdom of Denmark are regarded as domestic flights. In this way
fuel used by internal flights in 1) Denmark, Greenland and the Faroe
Islands, respectively; and 2) flights between Denmark, Greenland and
the Faroe Islands irrespective of origin and destination airports
(North Atlantic Flights) is included under the national fuel use total
(NT: National Total). This fuel use figure is the responsibility of the
Kingdom of Denmark and is reported as such. International flights
are defined as all flights leaving airports in the Kingdom of Denmark
for other countries. The international fuel use is not a part of the
national responsibility; instead this fuel use is reported as a memo
item.

The new format for the UNECE convention uses two definitions
regarding national fuel figures; one for the national fuel total (NT)
and one for the national protocol total (NPT). The first total equals
the UNFCCC definition while the latter definition excludes fuel used
by flights going to Denmark from Greenland and the Faroe Islands
respectively, and domestic fuel use in Greenland and the Faroe Is-
lands. The NPT fuel use is the responsibility of Denmark and is re-
ported as such. The international fuel use, and the part of NT ex-
ceeding the NPT, is not a part of the national total; instead this fuel
use is reported as a memo item for consistency reasons with the
UNFCCC convention.

In the existing UNECE format, the national fuel use total is defined as
fuel used by Danish domestic flights. The international fuel part is
used by flights going to other countries including Greenland and the
Faroe Islands. However, the UNECE convention addresses acidifica-
tion as an environmental theme and therefore components other than
greenhouse gases emitted during LTO are counted as national emis-
sion totals irrespective of the destinations of the flights. Table 17
explains how to group the fuel quantities according to the UNFCCC
and UNECE conventions and to exemplify this the fuel use figures
for 2000 are filled in.

Table 17. Fuel use definitions according to UNFCCC and UNECE for the Kingdom of Denmark

Flights Source Table Fuel use [TJ] UNFCCC UNECE UNECE - new
format
Domestic Denmark 5 1,831 NT NT | NPT (and NT)
Domestic Greenland 15 542 NT (NT)
Domestic Faroe Islands 12 11 NT (NT)
Denmark — Greenland 6 284 NT | International | NPT (and NT)
Denmark — Faroe Islands 6/12 | 184+(181-62) = 303 NT | International | NPT (and NT)
Greenland — Denmark 15 284 NT (NT)
Faroe Islands — Denmark 12 62 NT (NT)
International Denmark 5/6/12 | (32,832-284-303) = | International | International International
32,245

International Greenland 15 4 | International International
International Faroe Islands 12 13 | International International
National Total (NT) 3,317 1,831 (3,317)
National Protocol Total (NPT) 2,418
International 32,262 32,832 32,262
Grand Total 35,579 35,579 34,663 35,579
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In the Faroe Islands the difference between total simulated figures
(181 TJ) and estimated fuel sale (62 TJ) equals 119 TJ for Danish
flights. Assumably the reason is over-fuelling in Danish airports and
the difference must therefore be added to the Danish fuel use for
flights to the Faroe Islands.

Following the same principle a 1985-2000 time series of fuel use is
produced for the UNFCCC and UNECE conventions. On the same
time the data in table 18 serve as input data for emission estimates as
required by the two conventions.

Table 18. Time series of fuel use according to UNFCCC and UNECE convention format

Convention Category 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
[TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ] [TJ]

UNFCCC NT 2,888 3,070 3,241 3,392 3,536 3,322 3,114 3,131 2970 2,991 3,165 3,323 3,391 3,695 3,403 3,317
Int. 20,203 21,365 23,116 24,541 25,443 24,385 22,555 23,309 22,951 25,178 25,736 27,184 27,800 29,856 31,526 32,262
UNECE NT 2,129 2,311 2,482 2,633 2,777 2,563 2,355 2,361 2,221 2,287 2433 2,508 2,526 2,225 2,062 1,831
Int. 20,586 21,748 23,499 24,924 25,826 24,768 22,938 23,703 23,324 25,550 26,110 27,581 28,213 30,337 32,049 32,832
ENECE NPT 2,517 2,699 2,869 3,020 3,165 2,950 2,743 2,760 2,599 2,663 2,811 2910 2947 2,719 2,613 2,418
ew

NT 2,888 3,070 3,241 3,392 3,536 3,322 3,114 3,131 2970 2,991 3,165 3,323 3,391 3,695 3,403 3,317
Int. 20,203 21,365 23,116 24,541 25,443 24,385 22,555 23,309 22,951 25,178 25,736 27,184 27,800 29,856 31,526 32,262

5 Dividing fuel use by passenger and
freight

Flights in general are classified as regular (scheduled) or non-regular
(charter/taxi) flights. In everyday aviation, regular flights also carry a
certain amount of cargo. Being either regular or non-regular, cargo
flights are generally classified as cargo flights. Depending on the
flight data available, fuel use inventories for airfreight transportation
can be made with an increased level of detail. In Denmark a fuel use
inventory for sole domestic cargo flights has been made as a part of
the DEA model. The results are shown in paragraph 5.1. Ideally the
results from this exercise could also be used to estimate the fuel use
allocated to cargo transport on passenger flights. This is explained in
paragraph 5.2.

Several obstacles render a fuel use inventory in which the fuel use
allocated to cargo is estimated on every flight. Flight data can be
made available on a city-pair level, but at present the number of
passengers and gross cargo weight cannot be provided to support a
total fuel use inventory for cargo transportation. For instance, no
information is given on the cabin factor and specification of cargo,
instead this information is recorded internally at the airline compa-
nies in question. It is not possible to assume these parameters pre-
cisely enough as input to a meaningful calculation procedure. This is
due to the large differences in total aircraft take off weight and the
weight of passengers and cargo for each flight. Specifically, for the
estimation of fuel use referred to passengers the cabin factor varies a
lot from one flight to another. Also the number of seats available can
be very different for the same aircraft type.
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The amount of cargo transported also varies from flight to flight. The
total cargo weight depends on how much cargo capacity is being
used on a volume or weight basis. In some cases the aircraft takes off
with maximum take off weight and is loaded to a cargo maximum by
weight. In other situations the aircraft are only half booked and in
addition have only a small part of their maximum cargo weight on
board. Situations also occurs when the aircraft is fully loaded with
passengers and cargo, the take off mass nevertheless being somewhat
smaller than maximum take off weight, since the gross cargo weight
is only small referred to its cubic content.

Although no data is available at present for the detailed fuel use
inventory, the method is nevertheless explained in paragraph 5.3. By
all accounts from 2001 and onwards, the CAA-DK will be able to
provide exactly the input data sought for (CAA-DK, 2001b).

51 Existing method

Realising the data gap in this specific working field, a sensible way is
to begin a fuel use inventory for air cargo transportation by estimat-
ing the fuel use for sole cargo flights. At the same time it is clear that
not all fuel allocated to air cargo transport will be accounted for in
such an inventory. The total fuel figure becomes greater, if also cargo
on passenger flights is considered in the calculations.

5.1.1 Domestic sole cargo flights
A fuel use inventory has already been made for domestic sole cargo

flights as a part of the DEA model, DEA (2000), see section 2.2. The
domestic fuel share for specific cargo flights is between 11 and 14%.

Although only minor differences were found between the DEA
model and the refined method results (as explained in chapter 2), the
city-pair data behind the DEA model can be updated with year 2000
data and further used as input to the NERI city-pair model. In this
way a consistency is assured with the other results of this report.

Table 19. Fuel use estimates for domestic sole cargo flights (from DEA, 2000)

1991 1992 1993 1994 1995 1996 1997 1998 1999
MJ] [TJ] [TJ1 [TJ] [T [T [T [TJ]  [TJ]

Cargo 265 268 261 282 303 304 320 326 230
Passenger 1,997 1,958 1,966 1,957 1,996 2,206 2,242 1,953 1,749
Total 2,262 2,226 2,227 2,239 2,299 2,510 2,562 2,279 1,979

5.1.2 International sole cargo flights

Also the international amount of fuel for specific cargo flights can be
estimated. This exercise will only be made for Copenhagen Airport
and the year 2000 when city-pair flight information is obtained.
Rough estimates for previous years and for other airports can be
made by using LTO/aircraft type flight statistics already available
(Copenhagen Airport, 2001).



5.2 Mixed flights — simple method

Given the constraints in making a cargo fuel use inventory using load
factor data for each flight, ideally it is also possible to make a lower
level approximation. The basis for this inventory would be the cargo
fuel use inventory based on city-pair flight data described in para-
graph 5.1. If information is also given on the total amount of cargo
handled in Danish airports and part of the cargo handled in relation
to specific cargo flights, an approximation of the fuel use part for
cargo transportation could be made for passenger flights. This fuel
use would be calculated as the ratio between total cargo weight on
passenger flights and the total cargo weight flown on specific cargo
flights, multiplied with the total fuel use for specific cargo flights:

_ (MT _MT,C.F.)‘

M
FC, . (Cargo)=—"" FC,. .

FC., (22)

T,C.F. MT,C.F.
Where
FC, . (Cargo) = Total fuel use associated with cargo transporta-
tion on passenger flights
FC., = Total fuel use for specific domestic and international cargo
flights
M, =Total cargo weight transported in Danish airports

M,,. = Total weight of cargo transported with passenger flights
M,.. = Total weight of cargo transported with specific cargo

flights in Danish airports

Equation 22 can also be expressed as:

FC, . (Cargo) = M, FC., —FC.,. (23)

T,C.F.

Then the total fuel consumption for cargo transportation on all
flights, FC (Cargo), gets:

FC(Cargo)=FC, . (Cargo)+ FC , (Cargo) = M, . FC., (24
T,C.F.

At present the total air cargo weight M, is known from official CAA-
DK statistics. However, if this information should be used it must
only refer to the cargo weight on flights leaving Danish airports. The
data for M, should therefore be investigated further as in Statistics
Denmark (2000); by this source the cargo weight is given for both
domestic and international air transport from 1989 to 1999, while only
total figures are given for 1987 and 1988. If information also could be
provided for the total cargo weight transported on sole cargo flights,
the method outlined above would be fit for making an approximation
of the fuel used for air cargo transportation. At this level two factors
would influence the precision of the final result. Firstly, the aircraft
type distribution for cargo flights is assumed as equal to the one for
passenger flights also carrying cargo weight. Secondly, the total cargo
amount also comprises a part of the cargo being transported on
trucks to airports in other countries from where it is flown out.
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5.3 Mixed flights — specific method

The prospects of making a detailed and complete fuel use inventory
for air cargo transportation is becoming increasingly better in the
future. On any given time, the CAA-DK are willing to prepare their
flight statistics in a way which allows for the data requested by
authorities (ministries or agencies), e.g. in relation to national obliga-
tions in the field of energy or air pollution. From 2001 and onwards,
the flight statistics gathered by CAA-DK will presumably become
detailed to a degree so that each flight starting from a large Danish
airport will be registered also in terms of number of passengers and
cargo weight. For each flight the passenger and cargo part can be
derived as a direct split in the specific flight fuel use by passenger
cargo weight ratio:

FC(i)=FC.()+ FC,(i) =L- FC(i)+L-FC(i) (25)

M.+M, M.+M,
Where
FC({i) = Fuel use per flight, i.
FC.(i) = Fuel use associated with cargo transportation per flight, i.
FC,i) = Fuel use associated with passenger transportation per
flight, i.
M, = Cargo weight per flight, i.
M, = Weight of passengers per flight, i.

With the number of passengers, N,, and the average weight per pas-
senger, M,, inserted (25) becomes:

M -FC(i)+ Np My \FC(@i) (26)

FC(i) =
M.+N,-M, M.+N, M,

The cargo and passenger part of the total fuel use can be found by
adding up the fuel use contributions for all flights:

M
FC. = £ -FC@I) (27
=X P @
-M
FC, = Ny N -FC(@i) (28)
T M +N,-My

This is done separately for domestic and international flights. Major
benefits from making a cargo/passenger fuel use inventory as ex-
plained are achieved in important areas. The real aircraft type distri-
bution is behind the estimations and the cargo figures have been
tiltered for the amount of cargo transported by road, since the cargo
weight is related to the specific flights.

As mentioned before the total weight of cargo (separated in domestic
and international) handled in Danish airports is known for historical
years (Statistics Denmark, 2000). For a given year, X, the fuel use
associated with cargo transportation is found as the ratio between the



total cargo weight in year X and year 2001 multiplied by the fuel used
for cargo transportation in 2001 found in (27):

M, (X)
FC.(X)=————-FC.(2001) (29)
M, .(2001)
Where
FC.(X) = Total fuel use associated with cargo transportation in
year X.
M, (X) = Total cargo weight in year X.

M, (2001) = Total cargo weight in year 2001.

FC_(2001) = Total fuel use associated with cargo transportation in
year 2001.

= Cargo weight per flight, i.

= Weight of passengers per flight, i.

M
M

C

P

The fuel use in (29) is calculated separately for domestic and interna-
tional cargo transportation. The fuel used for domestic and interna-
tional passenger transportation is subsequently derived as:

FC,(X)=FC(X)-FC.(X)=FC(X) - M) FC.(2001) (30)
’ ‘ M, o(2001) €
Where
FC,(X) = Total fuel use associated with passenger transportation
in year X.
FC(X) = Total fuel use in year X.

Mainly two factors influence the precision of the final result. Firstly,
the aircraft type distribution for cargo flights in historical years is
assumed to equal the one for 2001. Secondly, the total cargo amount
for historical years also comprises a part of the cargo being trans-
ported on trucks to airports in other countries from where it is flown
out.

5.4 Conclusion

At present a cargo related fuel use inventory can be made solely for
cargo flights, since data on cargo and passenger weight per passenger
flight is not available. An inventory for cargo flights has been made
with the DEA model for domestic aviation in the time period 1991-
1999. This inventory can be recalculated and updated with numbers
for the year 2000 using the NERI model. On the same time an inter-
national cargo fuel use can be made for the year 2000, while more
rough estimates can be produced for the previous years.

Based on the fuel use inventory for sole cargo flights ideally an ap-
proximation of the fuel use allocated cargo transport by passenger
flights can be obtained. Necessary for these calculations are the total
domestic/international cargo weights being handled in Danish Air-
ports and the correspondent weight of cargo transported by sole
cargo flights. Total weight numbers are available from official CAA-
DK statistics; however it must be examined whether the data only
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refers to cargo weight on flights leaving Danish airports. The cargo
weight on sole cargo flights still needs to be provided from CAA-DK.

The prospects of making a detailed and complete fuel use inventory
for air cargo transportation will become increasingly better in the
future. From 2001 and onwards, the flight statistics gathered by CAA-
DK will presumably become detailed to a degree so that each flight
starting from a large Danish airport will be registered also in terms of
number of passengers and cargo weight.
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Appendix 1

Fuel use factors 1985-2000 per aircraft type for Copenhagen Airport and other airports

and aggregated for domestic flights (other airports)

LTO Airport Destination  Aircraft type Fuel [tonnes per LTO]
Approach/Landing Taxi Take off Climb out [Total/LTO]
Copenhagen MD81 0.175 0.168 0.198 0.073 0.614
MD87 0.187 0.177 0.219 0.080 0.663
DC9 0.159  0.191 0.215 0.104 0.669
F50 0.070 0.126 0.000 0.101 0.297
B737 0.145 0.154 0.125 0.058 0.481
B767 0.316  0.287 0.344 0.202 1.148
F100 0.116  0.142 0.102 0.047 0.407
EA310 0.145  0.147 0.136 0.030 0.457
B757 0.267 0.306 0.197 0.116 0.886
EA320 0.132  0.146 0.169 0.074 0.522
B747 0.533  0.622 1.089 0.375 2.619
MD11 0.418 0.448 0.678 0.243 1.787
B727 0.165 0.198 0.261 0.071 0.695
L188 0.426  0.537 0.615 0.306 1.884
DC10 0.433  0.491 0.681 0.249 1.855
EA300 0.310  0.308 0.558 0.101 1.276
BA11 0.140  0.154 0.149 0.053 0.496
BA46 0.111  0.112 0.175 0.048 0.445
S365 0.004 0.016 0.009 0.001 0.031
SF34 0.026 0.020 0.010 0.008 0.064
Other airports Domestic MD81 0.175  0.078 0.198 0.073 0.524
MD87 0.187 0.082 0.219 0.080 0.568
DC9 0.159  0.089 0.215 0.104 0.566
F50 0.070 0.057 0.000 0.101 0.228
B737 0.145  0.071 0.125 0.058 0.399
B767 0.316  0.113 0.344 0.202 0.974
F100 0.116  0.066 0.102 0.047 0.330
EA310 0.145  0.063 0.136 0.030 0.373
B757 0.267 0.120 0.197 0.116 0.700
EA320 0.132  0.061 0.169 0.074 0.436
B747 0.533  0.239 1.089 0.375 2.236
MD11 0.418 0.176 0.678 0.243 1.515
B727 0.165  0.082 0.261 0.071 0.579
L188 0.426 0.249 0.615 0.306 1.597
DC10 0.433  0.194 0.681 0.249 1.557
EA300 0.310  0.121 0.558 0.101 1.090
BA11 0.140 0.071 0.149 0.053 0.413
BA46 0.111 0.052 0.175 0.048 0.385
S$365 0.004  0.007 0.009 0.001 0.022
SF34 0.026 0.009 0.010 0.008 0.053
Other airports Domestic agg. 1985 0.110  0.063 0.099 0.082 0.354
1986 0.109 0.064 0.093 0.084 0.350
1987 0.107 0.063 0.091 0.083 0.344
1988 0.106 0.062 0.089 0.082 0.339
1989 0.106  0.062 0.089 0.081 0.338
1990 0.110 0.064 0.095 0.083 0.352
1991 0.107 0.060 0.096 0.075 0.338
1992 0.105 0.059 0.086 0.077 0.327
1993 0.107 0.058 0.085 0.073 0.323
1994 0.107 0.058 0.086 0.073 0.324
1995 0.108 0.059 0.088 0.075 0.330
1996 0.096 0.054 0.069 0.072 0.291
1997 0.100  0.057 0.074 0.074 0.305
1998 0.101 0.057 0.076 0.073 0.307
1999 0.100 0.058 0.070 0.080 0.308
2000 0.097  0.058 0.064 0.079 0.299
International  Large aircraft 0.100  0.052 0.136 0.049 0.337

Source: Copenhagen Airport (1996) combined with engine specific fuel flows (ICAO, 1995).
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Airport Destination  Aircraft type Fuel [GJ]
Approach/Landing Taxi  Take off Climb out [Total/LTO]
Copenhagen MD81 7.6 7.3 8.6 3.2 26.7
MD87 8.1 7.7 9.5 3.5 28.9
DC9 6.9 8.3 9.3 45 291
F50 3.0 5.5 0.0 4.4 12.9
B737 6.3 6.7 5.4 2.5 20.9
B767 13.7 12.5 15.0 8.8 49.9
F100 5.0 6.2 4.4 2.0 17.7
EA310 6.3 6.4 5.9 1.3 19.9
B757 11.6 13.3 8.6 5.0 38.5
EA320 5.8 6.4 7.4 3.2 207
B747 23.2 27.0 47.4 16.3 113.9
MD11 18.2 19.5 29.5 10.6 77.7
B727 7.2 8.6 11.3 3.1 30.2
L188 18.5 23.4 26.8 13.3 82.0
DC10 18.8 21.4 29.6 10.8 80.7
EA300 13.5 13.4 24.3 4.4 55.5
BA11 6.1 6.7 6.5 2.3 21.6
BA46 4.8 4.9 7.6 2.1 19.4
S365 0.2 0.7 0.4 0.1 1.3
SF34 1.1 0.9 0.5 0.3 2.8
Other airports Domestic MD81 7.6 3.4 8.6 3.2 208
MD87 8.1 3.6 9.5 3.5 247
DC9 6.9 3.9 9.3 45 24.6
F50 3.0 2.5 0.0 4.4 99
B737 6.3 3.1 5.4 2.5 17.4
B767 13.7 4.9 15.0 8.8 42 4
F100 5.0 2.9 4.4 2.0 14.4
EA310 6.3 2.7 5.9 1.3 16.2
B757 11.6 5.2 8.6 5.0 30.5
EA320 5.8 2.6 7.4 3.2 19.0
B747 23.2 10.4 47.4 16.3 97.3
MD11 18.2 7.7 29.5 10.6 65.9
B727 7.2 3.6 11.3 3.1 25.2
L188 18.5 10.8 26.8 13.3 69.5
DC10 18.8 8.4 29.6 10.8 67.7
EA300 13.5 5.3 24.3 4.4 47 .4
BA11 6.1 3.1 6.5 2.3 18.0
BA46 4.8 2.3 7.6 2.1 16.8
S365 0.2 0.3 0.4 0.1 1.0
SF34 1.1 0.4 0.5 0.3 2.3
Other airports Domestic agg. 1985 4.8 2.8 4.3 3.6 15.4
1986 4.7 2.8 4.1 3.7 15.2
1987 4.7 2.7 3.9 3.6 15.0
1988 4.6 2.7 3.9 3.6 14.7
1989 4.6 2.7 3.9 35 14.7
1990 4.8 2.8 4.1 3.6 15.3
1991 4.6 2.6 4.2 3.3 14.7
1992 4.6 2.6 3.7 3.3 14.2
1993 4.6 2.5 3.7 3.2 141
1994 4.7 25 3.7 3.2 141
1995 4.7 2.6 3.8 3.3 14.4
1996 4.2 2.4 3.0 3.1 12.7
1997 4.4 25 3.2 3.2 13.3
1998 4.4 25 3.3 3.2 13.4
1999 4.3 25 3.1 35 13.4
2000 4.2 25 2.8 3.4 13.0
International  Large aircraft 4.3 2.2 5.9 2.1 147

Source: Copenhagen Airport (1996) combined with engine specific fuel flows (ICAO, 1995).
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Appendix 6

Cruise fuel use per distance class for representative aircraft

Rep. Aircraft  Distance x Distance x Fuel Fuel
[NM] [km] [Tonnes] [GJ]
A310 125 232 1.270 55.246
A310 250 463 2.359 102.613
A310 500 926 4.450 193.567
A310 750 1389 6.541 284.521
A310 1000 1852 8.632  375.475
A310 1500 2778 12992  565.153
A310 2000 3704  17.441 758.688
A310 2500 4630 22.159  963.908
A310 3000 5556  27.135 1,180.361
A310 3500 6482  32.223 1,401.712
A320 125 232 0.842 36.630
A320 250 463 1.695 73.731
A320 500 926 2.858 124.335
A320 750 1389 3.903 169.766
A320 1000 1852 5.225  227.283
A320 1500 2778 7.530 327.541
A320 2000 3704 10.064  437.765
A320 2500 4630 12.639  549.793
A330 125 232 1.862 81.003
A330 250 463 3.631 157.945
A330 500 926 6.384 277.701
A330 750 1389 9.128  397.087
A330 1000 1852 11.890 517.214
A330 1500 2778 17.559  763.813
A330 2000 3704 23.403 1,018.017
A330 2500 4630 29.483 1,282.522
A330 3000 5556  35.812 1,557.822
A330 3500 6482  42.080 1,830.498
A330 4000 7408 48.774 2,121.677
B727 125 232 1.304 56.722
B727 250 463 2.342 101.870
B727 500 926 4.247 184.759
B727 750 1389 6.080 264.497
B727 1000 1852 8.058  350.537
B727 1500 2778 12.131 527.716
B727 2000 3704 16.459  715.985
B727 2500 4630 20.825  905.897
B737 400 125 232 0.778 33.832
B737 400 250 463 1.443 62.752
B737 400 500 926 2.787 121.254
B737 400 750 1389 4135 179.870
B737 400 1000 1852 5.477  238.257
B737 400 1500 2778 8.362  363.759
B737 400 2000 3704 11.342  493.388
B757 125 232 1.170 50.890
B757 250 463 2.157 93.837
B757 500 926 3.817  166.055
B757 750 1389 5.471 238.007
B757 1000 1852 7.138  310.490
B757 1500 2778 10.593  460.784
B757 2000 3704 14154  615.700
B757 2500 4630 17.773 773.121
B767 300 ER 125 232 1.413 61.475
B767 300 ER 250 463 2.688 116.933
B767 300 ER 500 926 4.868 211.762
B767 300 ER 750 1389 7.048  306.590
B767 300 ER 1000 1852 9.228  401.418
B767 300 ER 1500 2778  13.791 599.930
B767 300 ER 2000 3704 18.469  803.422
B767 300 ER 2500 4630 23.187 1,008.648
B767 300 ER 3000 5556  28.292 1,230.715
B767 300 ER 3500 6482  33.622 1,462.556
B767 300 ER 4000 7408 39.014 1,697.102
B767 300 ER 4500 8334 44.697 1,944.301
B767 300 ER 5000 9260 50.591 2,200.705

Source: CORINAIR data (Winther, 2001).
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Rep. Aircraft  Distance x Distance x Fuel Fuel
[NM] [km] [Tonnes] [GJ]
BAe146 125 232 0.676 29.388
BAe146 250 463 1.291 56.160
BAe146 500 926 2.555 111.144
BAe146 750 1389 3.805 165.519
BAe146 1000 1852 5.083 221.113
BAe146 1500 2778 7.701 334.976
DC10-30 125 232 2.346  102.072
DC10-30 250 463 4423  192.409
DC10-30 500 926 8.106  352.623
DC10-30 750 1389 11.789  512.837
DC10-30 1000 1852  15.472  673.052
DC10-30 1500 2778  23.095 1,004.635
DC10-30 2000 3704  30.837 1,341.427
DC10-30 2500 4630 39.111 1,701.335
DC10-30 3000 5556  47.980 2,087.137
DC10-30 3500 6482  57.071 2,482.598
DC10-30 4000 7408 66.657 2,899.567
DC10-30 4500 8334  76.653 3,334.400
DC10-30 5000 9260 87.017 3,785.231
F50 125 232 0.324 14.094
F50 250 463 0.563 24.491
F50 500 926 1.049 45.632
F50 750 1389 1.539 66.947
F50 1000 1852 2.038 88.653
MD 82 125 232 1.100 47.843
MD 82 250 463 2.108 91.695
MD 82 500 926 3.561 154.897
MD 82 750 1389 4910 213.587
MD 82 1000 1852 6.467  281.302
MD 82 1500 2778 9.520 414.131
MD 82 2000 3704 12.736  554.000
RJ 100 125 232 0.397 17.270
RJ 100 250 463 0.692 30.102
RJ 100 500 926 1.231 53.549
RJ 100 750 1389 1.780 77.430
RJ 100 1000 1852 2.338  101.703
Shorts 360 300 100 185 0.202 8.787
Shorts 360 300 125 232 0.251 10.919
Shorts 360 300 250 463 0.496 21.576
Shorts 360 300 500 926 0.992 43.152

Source: CORINAIR data (Winther, 2001).
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This report contains fuel use figures for Danish civil aviation broken
down into domestic and international numbers from 1985 to 2000,
using a refined fuel split procedure and official fuel sale totals. The
results from two different models are used. The NERI (National
Environmental Research Institute) model estimates the fuel use per
flight for all flights leaving Danish airports in 1998, while the annual
Danish CORINAIR inventories are based on improved LTO/aircraft
type statistics. A time series of fuel use from 1985 to 2000 is also
shown for flights between Denmark and Greenland /the Faroe
Islands, obtained with the NERI model. In addition a complete
overview of the aviation fuel use from the two latter areas is given,
based on fuel sale information from Statistics Greenland and Statistics
Faroe Islands, and fuel use data from airline companies. The fuel use
figures are presented on a level, which facilitates the further summing

on fuel according to different requirements. Methods of how to

allocate the fuel use for passenger and cargo transportation are also
discussed.

National Environmental Research Institute ISBN 87-7772-655-3
Ministry of the Environmental ISSN (print) 0905-815x
ISSN (electronic) 1600-0048




	Front page
	Title page
	Data sheet
	Contents
	Glossary and Terms
	Preface
	Summary
	Sammendrag
	1 Introduction
	2 Danish energy statistics
	3 Fuel use for flights between Denmark, Greenland/the Faroe Islands and domestic Greenland/Faroe flights
	4 Aviation fuel use data for the Kingdom of Denmark in convention formats
	5 Dividing fuel use by passenger and freight
	References
	Appendix 1
	Appendix 2
	Appendix 3
	Appendix 4
	Appendix 5
	Appendix 6
	NERI information
	NERI Technical Reports
	Back page

