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ABSTRACT

Assessment of pollutant emissions (CO, HC and NO,) and fuel consumption
of aircraft LTO cyclesat Soekarno Hatta International Airport iscarried out
for the first time. We stressed, by aircraft type, the large aircraft which
represent the greatest contribution of pollutant emissions in and around
thisairport. Analysisis performed to precisetheir magnitudein relationship
with fuel consumption. Distribution of aircraft pollutants for different
operational modes (taxiing and takeoffs) is provided and comparisons are
performed. Their dispersion and impact is also confirmed. To improve en-
vironmental impact of aircraft, specific guidance relevant to air navigation
functions is needed. Air traffic authorities should update the existing
guidance, and Indonesian government should extend a revision of the
existing environmental policy. Airport operators, governmental
environmental committees, airlines, air traffic managers and aircraft
manufacturers should be actively engaged to assess the potential benefits
of the possible sol utions reducing emission impacts on communitiesliving
around thisairport. Both government and aircraft operators should address
actions toward greenhouse gas emission reduction from aircraft and fuel
saving. Sustainability is a key issue for aviation which is united in its
commitment to develop global solutions for the sustainable future of this
international airport. © 2013 Trade Sciencelnc. - INDIA
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Air transportation growth hasincreased continu-
oudy over theyears. However, thegrowth hasnot been
uniform and variesfrom country to country. The gen-
era increaseinair transport activity has been accom-
panied by ariseintheamount of energy used to pro-

videair trangportation services. Along with theincrease
inair transport activity and energy consumption in-
creased environmental impacts areassumed*”, Tradi-
tiondly, environmenta impact of aamaosphericemissons
from aircraft hasbeen addressed intwo separate ways.
Ontheonehand, air quaity impactsfrom aviation have
been considered by regulators, airports and aircraft
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manufacturers, focusing mainly ontheemissionsfrom
arcraft occurring during thelanding and takeoff phases
(LTOcycle) of arcraft operations (loca pollutant emis-
sons). Ontheother hand, studieson theenvironmentd
impact of aircraft emissions occurringin other flight
phases such asclimb and cruise (non-LTO cycle) have
focused mainly on their influence on climate change,
stratospheric ozoneand UV-radiation (global/regiona
pollutant emissions). Theenvironmental impact of air
trafficisoften mainly associated with noise nuisance,
smoke and gaseous emissions of carbon monoxide
(CO), unburned hydrocarbons(UHC), including meth-
aneand nitrogen oxides(NO, - include nitrogen oxide
and nitrogen dioxide), sulphur oxides (SO,) inthevi-
cinity of airports. Particles (such as parti culate matter
PM, .and PM_ ) present themost seriousadversehedth
impactsfrom aircraft pollutant emissions. Thesehave
been controlled by implementation of standardsand
certification of aircraft engines. For thispurposethe
International Civil Aviation Organization (ICAQO) has
defined referenceemissionsLTO cycle, with specific
thrust settingsand so-called Timein Modesfor each
operating mode, whichreflectsall aircraft operationsin
theboundary layer below the so-cdledinverson height
(usually at about 1 km)*+1218 Qver the last decade,
thegrowth of commercial air traffichasledtoanin-
creased contributionto thelocal inventory of aircraft
pol lutant emissionsfrom the operationsassociated with
arports. Aircraft pollutant emi ssions have been of con-
cern sincethe beginning of commercia aviation. The
continuing growthinair traffic and increasing public
awareness havemadeenvironmenta cons derationsone
of themost critica aspectsof commercid aviation. This
meansthat pollutant emissonsfrom aviation activity are
expected to grow and increase by factors 1.6 to 10,
depending on thefue use scenario*>4,

Consciousof thisproblem, engine manufacturers
have devel oped | ow-emission combustors, and made
them availableasoptions. Thesecombustorshave been
adopted by theairlines operating in European airports
with strict pollutant emissionscontrol s, in Sweden and
Switzerland, for exampl*2. Pollutant emissionsfrom
aircraft originatefrom fuel burned in aircraft engines.
Aircraft jet engines produce CO,, H,O,NO,, CO, SO,,
unburned or partially combusted hydrocarbons also
known as VOC, particulates and other trace com-
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pounds. Over thepast severd years, thepollutant emis-

sionindices have declined steadily. However, consid-

erably more progress has been madewithHC and CO

than NO .

Aircraft engines havetwo quitedifferent require-
ments. Thefirgtisfor very highcombustion efficiency at
low power, because of thelargeamountsof fuel burned
during taxiing and ground maneuvering. Theprimary
problem hereisthe reduction of UHC. Themain con-
cern of thesecond requirement mentioned aboveisNO,
at takeoff power, climband cruise. Thel CAO setsstan-
dardsonaworldwide basis, for both takeoff and land-
ingcyclesand alsofor cruiseat high dtitude; thefirstis
concernedwithar qudity inthevicinity of airportsand
the second with ozone depl etion in the upper atmo-
sphere. It hasbeen shown that for amodern twin-en-
ginetrangport operating over an 800 km range gpproxi-
mately 25% of theemissionsare produced during the
takeoff/landing cycle, with theremainder during climb/
cruise/descent; approximately 86% of thetotal emis-
sionsareNO . Current emission regulations have
focused onlocal air quality inthevicinity of airports.
ICAO has set an environmental goal tolimit and re-
ducetheeffectsof aircraft pollutant emissionsonloca
air quality fromaircraft operationg*¥,

Operationsof aircraft areusually divided into two
main partg¥:

e TheLTOcycledefined by ICAO (1993) includes
all activitiesnear theairport that take place below
thealtitude of 3000 ft (914 m). Thisthereforein-
cludestaxi-inand out, takeoff, climb-out and ap-
proach-landing.

e Cruiseisdefined asdl activitiesthat takeplaceat
altitude above 3000 ft (914 m). No upper limit a-
titudeisgiven. Cruiseincludesclimbfromtheend
of climb-out inthe LTO cycletothecruisedltitude,
cruise, and descent from cruisedtitudestothe start
of LTO operationsof landing.

Idle and takeoff istwo extreme points, each with
differing demands, reativeto thenomina cruiseopera
tion point. Cruiseismost commonly achieved inthe
middle and upper troposphere, but the emissions at
cruise arenot indicative of emissionsnear airports?.
M ethod for measurement, prediction and assessment
of environmental problemssuch asaircraft pollutant
emissions have been carried out. The use of certain
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methodswill requirejudtificationand reliability that must
be demonstrated and proven. Various methods have
been adopted for the assessment of aircraft pollutant
emissions. Theuseof different and separate method-
ologiescausesavariationinresultsand thereissome
lack of information. Thisisbecausethegapsor differ-
encesindataavail ability, accuracy datainput, andin-
certaintiesinknowledgeontheinfluenceof engineage-
ing, the operational aircraft configuration, and atmo-
spheric conditionsonthe pollutant emissionsand their
dispersiond*41>21_ Studies estimating present and fu-
tureaircraft emissions have been performed®. Present
aglobd three-dimensiona dynamic-chemica mode to
estimate present and future subsonic and supersonic
aircraft NO,_emissionson ozone”. Performed astudy
investigating theimpact of air-traffic-induced NO, _and
water vapor emissionson thechemica composition of
the globa troposphere and stratospherefor 1991 and
afuture scenario for 20151*%. Present a study on the
future development of air traffic and the expected
changesand improvementsin specific fuel consump-
tion and air pollutant emissionsfor 2010 and 202024,
Givelongterm scenariosfor aviation through theyear
2100.

Assessments of theimpact of theairport related
emissonsonthelocal scalesrequireaninventory that
accurately reflectsreal-world emissions. The FAA’s
Emissionsand Disperson Modding Sysem (EDMS)?,
performsemissionsinventoriesfor individua airports
based on its internal database and user data entry.
Nearly two-thirdsof EDM S’s aircraft engine data origi-
natefromthel CAO databank. Theuser inputstheair-
craft fleet present at an airport and the annual number
of LTO cyclesfor each aircraft. Additionally, the user
can specify eachaircraft’s takeoff weight, approach glide
dopeangleand thetaxi and queuetime, which deter-
minethetimein mode(TIM) vaues®. In order to pro-
viderdliableinformation on theimpactsof arcraft pol-
|utant emissions, thisreport assessing aircraft pollutant
emissonsdedswithesimatingarcraftintheLTO emis-
sions(CO, NO,_and HC) at Soekarno Hatta Interna-
tiond Airport whichisthebiggest arportinIndonesa
Theairport islocated about 20 km west of Jakartaas
themainairport serving the grester Jakartaareaonthe
idand of Java, Indonesia. Theland areaof thearportis
18 km?. It has two independent parallel runways sepa-
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rated 2,400 m connected by two crosstaxiways. The
first runway wasbuiltin 1984, which aso can meet the
needs for takeoff of the B747-400. The second run-
way was built in 1992, which can meet the needsfor
takeoff of theB747-400. In order to meet the needs of
18 million passengersper annum, thetermina 2 airport
has been constructed in that year. The required com-
puter tool for assessing emissions at Soekarno Hatta
International airportsisthe EDM S which performs
emissionsinventoriesaccurately. The EDMSisused
for estimating of aircraft LTO emissionsat airportsre-
lated emissionson local scales. Thecal culation of pol-
|utant emissionsishbased on flight datarecorded by the
AirportsAuthority (PT. AngkasaPura2)? Theflight
dataincludethetypeand number of aircraft, whichde-
pend on day-time and date.

EDMSDESCRIPTION

Since 1998, theFAA’s EDMS (Figure 1) has been
therequired modd for assessing theair quality impacts
andfor ar quaity analyses of airport emission sources.
Such ananaysis may include an emissionsinventory
and/or adispersion anadysisfor both aviation and non-
aviationsourcesat theairport. TheFAA consdersavia
tion sourcesto include aircraft, auxiliary power units
(APU) and ground support equipment (GSE). EDMS
also offersthe capability to modd other airport emis-
sion sources that are not aviation-specific, such as
power plants, fuel storage tanks and ground access
vehicles. EDM Sisamultiple emissions sourcemodel
that calculatestotal airport emissionsthat vary bothin
spaceandtime. Thefour dimensiond approach alows
for airport emissionsto be dispersed for compliance
demongrationswithlocd and nationd ambientair quality
standards*®. The latest available model version is
EDMS5.1.3, and includes significant enhancements
such as. replication of red aircraft movements, estima-
tion of emissions of speciated TOG (including known
hazardousair pollutants) and PM,,  for dl arport emis-
sionsourcesand CO, emissionsfromaircraft activities
withintheLTO cycle; interfaceto MOBILE version
6.2; databases and methodology for NONROAD
sourceemissionsand thelatest versonsof AERMET,
AERMOD andAERMAP. EDM S has al so been con-
figured to provide digital outputsfor enhanced data
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andys sandtabulationAircraft fleet datahavebeen har-
monized with INM, and acommon dynamicflight per-
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formance module existsin both toolsaswell, that ac-
countsfor arcraft weight and meteorologica conditiong®.

EDMS History

1997

Re-Engmeered as
EDMS 3.0

1. 3.~
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Introduced Aircraft PM (FOA 2,0)  [ntroduced Speciated OG

Figurel: History of EDMS.

Emissionsinventories

Anemissionsinventory isasummary of thetotal
pollutants generated by all active sourcesinthe study.
Using EDM Sto perform an emissionsinventory re-
quiresthe user to identify the emission sources, thean-
nual activity for each of these sourcesand, inthe case
of user-defined sources, theemission factors. EDMS
then calculatesthetotal annua pollutant emissionsfor
each of theidentified sourcesand presentsitinboth a
summarized report and adetailed report’®. EDM S can
be used to create an emissionsinventory for any indi-
vidual arport emission sourceor combination of emis-
sionsources. To cregtean arcraft emissonsinventory,
the user inputsthe aircraft fleet present at an airport
and thenumber of LTO cyclesfor each aircraft within
thetimeline of thedesired study period.

The user can specify each aircraft’s taxi and queue
time, aswell asthetakeoff weight and approach glide
dopeangle, which areused in conjunction with meteo-
rologica datato determinetheaircraft’s trajectory. The
arcraft performance calculationsoriginate from meth-
odology presented in the Society of Automotive Engi-
neers (SAE) Aerospace Information Report (AIR)
18455 and account for aircraft-engine specific perfor-
mance. Similar to aircraft, the user hasthe ability to

defineand includeadjunct APU and GSE activity, road-
way traffic, parkingl ot throughput, and stetionary source
and training fireoperations. EDM Sincludesemission
factorsfor thevariousairport sources. For example, it
incorporatesal aircraft engineemiss onsdatacontained
inthe most recent version of thel CAO Engine Exhaust
Emissions DataBank, representing over two-thirds of
EDMS?’s aircraft engine emissions data. The remaining
third of EDMS’s aircraft engine emission data originate
fromU.S. military reports, shared manufacturer data,
and U.S. Environmental Protection Agency (USEPA)
documents. Since January 2007, EDM S has utilized
ICAQO’s refined First Order Approximation version 3.0
(FOA3) for aircraft particulate matter (PM) emissions.
GSE emissionsarederived from emissionfactorsfrom
the latest version of USEPA’s NONROAD model.
EDMSas0indudesUSEPA’s on-road models: PARTS,
MOBILE5a, MOBILESb and MOBILEG.2. Thedis-
persion-modeling generatesinput for the EPA-devel -
oped dispersion model, AERMOD!®,
Dispersion analyses

For dispersion analyses, EDM Sgeneratesinpuit files
to be processed by USEPA’s AERMOD, which has

been bundled with EDM Ssince May 2001. Currently,
EDMS5.1.3 usesAERMOD build 04300 which be-
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came USEPA’s promulgated, preferred air dispersion
model on December Sth, 2005. Themanner inwhich
AERMOD isapplied by EDM Sisbased on guidance
from theAmerican Meteorological Society/USEPA
Regulatory Model Improvement Committee
(AERMIC), which is responsible for developing
AERMOD and introducing state-of -the-art modeling
conceptsinto USEPA local-sca eair quality models.

AERMOD isasteady state plumemodel, but has
many state of the art improvements. It has better char-
acterization of the planetary boundary layer (PBL) and
alowsdisperson to beaccomplished using continuous
functionsrather than with discrete stability classesthat
do not changewith height. Instead of aGaussan distri-
bution for both the horizontal and vertical directions,
AERMOD usesabi-Gaussian probability density func-
tionto characterizethedispersioninthevertical direc-
tion. Additionally, AERMOD incorporates a new
method to model airflow and dispersonin complex ter-
rain(s3,

AERMOD can berunfromwithin EDM S, how-
ever theuser may chooseto runAERMOD externd to
EDMS with the generated input files. Because
AERMOD requiresboth surfaceand upper air meteo-
rologica data, AERMET isaso bundledwith EDMS.
AERMET isAERMOD’s meteorological preproces-
sor which transforms many different formatsof “raw”
westher datainto an “AERMOD-ready” format. Simi-
lar toAERMOD,AERMET canberunether interndly
or externdly to EDMS. EDM Sdsoincludesaninter-
facetoAERMAR  theterrain processor for AERMOD.
Oncethedispersonandysisisinitiated within EDMS,
the executionand control of AERMET,AERMAPand
AERMOD isentirely transparent to the usert®.

Theoptionsfor weather are UseAnnua Averages
and Use Hourly M eteorol ogical Data. Regardless of
that choice, the user can a so set themixing height to
anything from 1,000to 10,000 feet. Themixing height
providesavertica cutoff for EDMS’s modeling of air-
craft emissons. Hourly meteorol ogica datamust bepro-
cessed throughAERMET. Hourly wegther dataisre-
quiredfor disperson.

Thepollutantscurrently includedinEDM Sfor dis-
persion analysisare CO, THC, NMHC, VOC, TOG,
NO, SO, PM, and PM .

Thedispersonmodding caculationin EDMSisto
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assesstheair pollutant concentrations at/or near the
arport resulting fromidentified emissonssources. These
pollutant concentrations are cal cul ated to determine
whether emissionsfrom the siteresult in unacceptably
highair pollutionlevelsdownwind by comparisonwith
relevant air quality standards. To perform dispersion
modeling, EDM Srequiresthe coordinates (in meters
or feet relative to the user-specified origin) of each
emissions source, the specification of anemissonsrate
(derived fromemissionfactors) anditsvariationthrough
time. For some sources, therelease height, tempera-
tureand gasvelocity ared sorequired. Theidentifica-
tion of spatial pointsin the coordinate system for con-
centration estimation (receptors), and theavail ability of
wegther datafor individual hoursarealso required.
The basic Gaussian equation, amathematical ap-
proximation that simul atesthe steady statedispersion
of pollutantsfrom acontinuous point sourceisgiven

bel ow®:;
1)y ?
-3 a_}-

SE e

= =

Clx,v,z,H) =

{exp

where:
C = point concentration at receptor, in pg/m?*
(X, Y, 2) =ground leve coordinates of thereceptor rela
tiveto the sourceand wind direction, in meters
H = effectiverel easeheight of emissons, in meters(m)
Q =massflow of agiven pollutant from asourcelo-
cated at theorigin, inpg/s
u=windspeed, inm/s
o= standard deviation of plume concentration distri-
butioniny plane,inm
o, = standard deviation of plume concentration distri-
butioninzplane, inm

Theresultsof theAERMOD dispersion calcula-
tionsarethe concentrations, given in micrograms per
cubic meter (ug/m3), at receptorsfor each hour.

exp

2mo,o.u

EDM Ssour cesand pollutants

Thecurrent verson EDM S5.1.3 quantifiestotd air-
port emissionsfromal sourceswithinairport environs.
Thisincludesaircraft main thrust engines, APUs, GSE,
mobile surface trangportation sources on roadwaysand
parkingfacilities, boilers, fud storagetanks, emergency
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generators, and trainingfires. The pollutantsquantified
are NO,, CO, VOC, NMHC, tota organic gases
(TOG), SO,, PM_, PM,,, and up to 400 individual
speci ated hydrocarbonsincluding up to 44 known haz-
ardousair pollutants (HAPs) acrossall airport emis-
sion sources. Speciated hydrocarbon profilesfor dl air-
port emission sources were obtained from the latest
verson of the USEPA’s SPECIATE database, with the
exception of turbofan, turbojet, and turboprop aircraft
engines. Inaddition, fuel burnand CO, emissionsare
quantified for aircraft enginesonly.

Soekarno-Hattaairport and air craft activities

Soekarno-Hattawas ranked 16thin 2010 amongst
theworld’s busiest airports by passenger traffic (5th
busiestinAsia) and has surpassed Singapore Changi
Airport. Growth of passenger traffic wasmorethan 15
percent ayear by mostly domestic passenger. Theair-
port is located about 20 km west of Jakarta as the
main airport servingthe greater Jakartaareaontheis-
land of Java, Indonesia. Theland areaof theairportis
18 km?. It has two independent parallel runways sepa-
rated 2,400 m connected by two crosstaxiways. The
first runway wasbuilt in 1984, which aso can meet the
needsfor takeoff of the B747-400. The second run-
way was built in 1992, which can meet the needsfor
takeoff of the B747-400. In order to meet the needs
of 18 million passengers per annum, theterminal 2
airport has been constructed in that year. Therearea
lot of residential, industrial, schools and hospitalslo-
cated around the Airport. Theaircraft noisewill pro-
duce ainfluence on these sengitivereceptors. In order
to assessthe influence and to put forward an environ-
mental protection, the assessment must be taken into
account. There are two runways, more than ten air
routings and severd typesof aircraftin Soekarno Hatta
International Airport, such asaseriesof Boeings, Air-
busand McDonnell Douglas. So the noise assessment
of the Soekarno Hattalnternationa Airportiscompli-
cated.

(@) Flight tracks/procedur es

Flight trackswhich describetheflight route corri-
dorsthat lead to and from Soekarno Hatta Interna-
tional Airport were developed. Theflight tracks are
based onarport information provided by Jeppesenand
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Aeronautica Information Publication (AIP). Thetracks
were devel oped to reflect the common patternsand to
account flight track dispersionsaround theairport.

oy Tl g

Figure2: Thelayout and surroundingsof Soekarno Hatta
international air port.

Flight procedures Soekarno Hattaairport - Jakarta
isdescribed below:
1. Arrival Procedures (Arrival Procedure)

a. Landing Runway 25L: ILS Runway 25L VOR
Approach Capital, NDB 258CL 248° direction,
straight distance of 9.4 NM.

b. Landing Runway 07R: ILS Runway 07R VOR
Approach CKG, NDB 282GR 68° direction,
straight distance of 9.2 NM.

c. Landing Runway 25R: ILS Runway 25R VOR
Approach Capital, NDB 242CR 248° direction,
straight distanceof 6 NM.

d. Landing Runway O7L: ILS Runway 07L VOR
Approach CKG, 324GL NDB 068° direction,
straight distance of 6.9 NM.

2. Departure Procedures (Departure Procedure)

a PURWAKARTA TWO CHARLIE (W45,

G461)
Takeoff the Runway 07R and O7L: after passing
Locator CL or CR 090° turn right towards, in-
tercept and proceed on the 132° bearing to PW
(toward joining QDM-132 “PW?”) cross RDL-
095 NDB “HLM” VOR/DME to an altitude of
6000 ft then join W45/G461.

b. KARAWANG ONE DELTA (W17, A585,
B469, R206)

e Snoivonmental Science
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Takeoff the Runway 07R and O7L : after passing
Locator CL or CR 090° turn right towards, in-
tercept and proceed on DK R-180tojoin as-
sgned AT Sroute (jointhedirection of RDL-180°
“DKI” VOR/DME), for route W17 intercept the
R314° “BND” VOR/DME, for route A585 in-
tercept the R142° “HLM” VOR/DME, for route
R206: at D30 “DKI” VOR/DME turn right Kea
direction toward the direction of RDL 230° to
intercept R196° “HLM” VOR/DME, for route
B469 intercept R160° “HLM” join the route
B469.

c. CENGKARENG ONE GOLF (W11, W12,
A585, G462, G579)
Takeoff the Runway 07R and O7L: after passing
Locator CR 090° (for runway 07R at 1500 ft)
turnright towardsintercept DK R241 outbound
until passing an dtitude of 6000 ft then proceed
to“CKG” VOR/DME to join assigned route.

d. JAKARTA TWO CHARLIE (G220, W14,
W15, W18, W26E, W38)
Takeoff the Runway 07R and O7L: after passing
Locator CL or CR then towards, proceed to
“DKI” VOR/DME to an altitude of 6000 ft then
joinassigned AT Sroute.

e. CENGKARENG TWO GOLF (W11, W12,
A585, G462, G579)
Takeoff the Runway 25R and 25L : after passing
the GL or GR Locator turn right toward 280°,
joinandthedirection of RDL-330°“CKG” VOR/
DMEto SIKAD thenfollow assgned ATSroute.

f. HALIM TWO GOLF (W45, G461, W17,
A585, B469, R206, B325)
Takeoff the Runway 25R and 25L : after passing
the GL or GR Locator turnright and follow/inter-
cept HLM R306, passing the “HLM” VOR /
DME andthenfollow assigned AT Sroute.

g HALIM ONE JULIET (W45, G461, W17,
A585, B469, R206, B325)
Takeoff the Runway 25R and 25L : after passing
theGL or GR Locator turnleft and follow/inter-
cept RDL 285° “HLM” inbound, passing the
“HLM” VOR / DME and then follow assigned
ATSroute.

h. JAKARTA TWO GOLF (G220, W14, W15,
W18, W26E, W38)
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Takeoff the Runway 25R and 25L : after passing
the GL or GR Locator turn right to intercept DK
R265 to DK, passing the “DKI” VOR / DME
and thenfollow assigned AT Sroute.

EDM Smodedsaircraft activity with 6 modesof op-
eration correspondingtothefollowing portionsof aLTO
cycle. Thesemodesof operation only apply totheair-
craft mainengines; APU emissionsarecal culated and
presented separately.

1. Approach: Theairbornesegment of anaircraft’s
arriva extending from thestart of theflight profile
(or themixing height, whichever islower) to touch-
down ontherunway.

2. TaxiIn: Thelanding ground roll segment (from
touchdown to therunway exit) of anarriving air-
craft, including reversethrust, and thetaxiing from
therunway exit to agate.

3. Sartup: Aircraft mainengine startup occursat the
gate. Thismethodology isonly applied to aircraft
with ICAO certified engines. All other aircraft will
not have startup emissions. Aircraft main engine
startup produces only THC, VOC, NMHC, and
TOG emissions. A detalled speciated organic gases
profiledoesnot exist for main enginestartup emis-
sons.

4. Taxi Out: Thetaxiing from the gateto arunway
end.

5. Takeoff: Theportionfrom the start of theground
roll on therunway, through whed soff, andtheair-
borne portion of the ascent up to cutback during
whichtheaircraft operatesat maximumthrust.

6. Climb Out: The portion from engine cutback to
theend of theflight profile (or themixing height,
whichever islower).

Eachaircraft activity isexpressed asanArrival, a
Departure, an LTO cycle, or aTouch and Go (TGO),
and each type consists of different modes of operation.
AnArriva congstsof theApproach and Taxi Inmodes.
A Departure consists of the Startup, Taxi Out, Takeoff,
and Climb Out modes. An LTO cycle consists of an
Arrival and aDeparture, and therefore consists of one
of each of the six modes of operation. A TGO consists
of theApproach mode, followed immediately by the
Takeoff and Climb Out modes. TGO operationsare
generdly performed for training purposes, usually oc-
cur at military basesor smaller civilian airports, and
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generally have aflight profilethat startsand endsat a
much lower dtitudethan aregular LTO cycle. EDMS
offerstwowaysof cal culating theamount of emissions
released intheairborne segmentsand gpproach ground
rall:
1. UsingthelCAO and Environmental Protection
Agency (EPA) Timesin Mode, or

Using theaircraft performance module, which dy-
namically modelstheflight of theaircraft, based a
flight profile using the methodol ogy presentedin
the SAE Aerospace Information Report (AIR)
1845.

2.

LTOEMISSIONASSESSMENT
METHODOLOGY

Aircraft pollutant emissionsof CO, NO, and HC
at airportsare assessed for the LTO consisting of four
operation modes. approach, taxi, takeoff and climb. A
typical LTO cycledescribed by ICAQisshowninFig-
ure 3. ICAO defined the climbing astheinterval be-
tween the end of takeoff and the moment the planeex-
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itsthe atmospheric boundary layer (ABL) and landing.
ICAQO’s norms therefore take air traffic emissions into
account from the surfaceto thetop of theABL , whose
height isdefined to be 915 m (3000 ft) by defaulti?,

EDMSINPUT

The EDMSinputsaredescribed indetail with all
assumptionsandinformation documented inthefollow-
ing sections.

Set-up of theairport layout

Theairport layout was given an x and y coordi-
natestolet EDM Sknow thelayout of all theimportant
features of theairport. EDM Srequires coordinates be
entered for all buildings, runways, taxiways, and gates
that need to be considered during the modeling pro-
cess. All gates were given aheight of 4.92 feet and
33.9feet of evation, theminimum height for the gates
to still be considered asource of emissions. Gateinfor-
mation had to be entered for every aircraft entering or
leaving during the studly.

- \ a
>
., "‘"".'l_-ﬂ_'-.'—
-------------------------------------- e
PO b e
B Climb: - —— 8 . TS
,5060 thotle back [~ ™. Ty TTTSelhg e
Take-off:

=

Take-off brake release
= throttle back

Landing 7 _

AN
Engine start
> take-off break release

Figure3: Atypical LTO cycle.

Soekarno Hattalnternationa Airport hastwo run-
ways. 07L-25R and 07R-25L (Figure 2). The end
pointsof therunwayswereentered asx and y coordi-
nates.

Thefirst runway (North Runway) is 3,600 mlong
and 60 m wide. Therunway designator isO7L —
25R, located at (-6191.44, 1632.04) and

(4789.31, 6011.71). Elevation runway is29 ft and
21ft(MSL).

The second runway (South Runway) is 3,660 m
long and 60 mwide. Therunway designator isO7R
— 25L, located at (-4457.44, -6184.88) and
(6710.46, -1730.48). Elevation runway is 34 ft and
27ft (MSL).
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All taxiway are 65.62 feet wideand are set assuch
INEDMS. Itisassumedthat dl aircraft will travel down
thetaxiway at aspeed of 17.26 mph (15 knots). Thisis
atypical speed at whichtoleavethegate and gpproach
therunway.

Set-up of aircraft operation and assignments

Theaircraft types (only Commercia/Civil aircraft
inthisstudy) used in pollutant emissionsassessment at
Soekarno Hatta International Airport include: B737,
B747,B757,B767 and B777 of Boeing series, A300,
A310,A319,A320,A330, and A340 of Airbus series,
MD81, MD82, MD83 and M D90 of McDonnell Dou-
glasseries, F100 and F28 of Fokker series, Bagl46 of
British Aerospace series, DHCS8 of Dash series and
HS748. Theclasesof arrcraft typeareshownin TABLE
1. Each classhas been represented by one or anumber
of aircraft typesfor useinthe standard EDM S model -
ing program. The aircraft types were selected to be
representative of theaircraft currently using Soekarno
Hatta Internationa Airport. The pollutant emissions
characteristicsof future aircraft typesarenot known,
but it can be reasonably assumed that they will not be
higher than those of current equivalent types, andin
generd they areexpected to belower. Within the cur-
rent aircraft fleet operating at Soekarno Hatta Interna:
tional Airport, it can beexpected that older generation
aircraft will be phased out over timeand replaced by
newer-generation arcraft. Theuse of aspecific runway
istypically influenced by wind direction. Therunway
directionsat Soekarno Hatta International Airport are
07L-25R and 07R-25L. ThelLSon Runway 25L and
25Ristypically preferred for arrivalsand departure.
Themagority of movementsat Soekarno HattaInter-
national Airport occur duringtheday. Therunway use
percentagesfor the 2009 analysisare summarizedin
TABLE2and TABLE 3.

Flight operations

Thedistribution of aircraft operationsamong vari-
ouscategories, users, andtypesof arcraftispart of the
basicinput datarequired for the model. Operational
and fleet mix isbased oninformationfromAir Traffic
Controller (ATC) at the Soekarno Hatta International
Airport,

Flight period of the setup airportisayear. Annual
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flight number of runway 07L —25R and 07R —25L are
138,799 and 138,657 of aircraft movement. Annual
flights ratio of day (07:00~19:00), evening
(19:00~22:00) and night (22:00~07:00) are 50.03%
and 49.97%.

TABLE 1: Aircraft typesmodeed.

Aircraft Class Typesin model

Large Wide-Body 747200, 74720B, 747400 777300
Medium Wide-Body 777200, 777300, A330, A340, A310
Small Wide-Body 757, 767200, 767300, 777200

Large Narrow-Body
Small Narrow-Body

737400, 737800, 737900, A320
737200, 737300, 737500, 737700, F28, F100

Regional Jet BAE300
Large Turbo-Prop DHC830, ATR72
Medium Turbo-Prop  DHC8, F50

TABLE 2: Percentage of runway use (Year 2009).

Business Jet & Turboprop

Runway .
Arrivals Departures
o7L 18.41% 16.64%
North
25R 31.73% 33.27%
07R 18.22% 15.81%
South
! 25L 31.64% 34.28%

TABLE 3: Percentage (%) of runway use per time period
operations(Year 2009).

Arrivals Departures

Runway , , , ,
Day Evening Night Day Evening Night
North O7L 80.13 1848 140 8391 14.68 142

or

25R 8341 16.02 057 8550 1384 0.66
South 07R 7430 1627 943 7026 1166 18.07
25L 67.34 1939 1327 61.82 1270 2548

The providenumbersor proportionsof arcraft ar-
rivals and departures in a year by aircraft classes
(TABLE 4) showsthelarge narrow body are the most
used by airlines at Soekarno HattaInternational Air-
port. Thisaffected by geographically conditioninIndo-
nesathat airlinesneed themediumrangeof arcraft type
and prefersto uselarge narrow body class.

Thedigtribution of aircraft typesat Soekarno Hatta
International airport in 2009 as shownin TABLE 4,
large narrow body comprise 68% of thearcraft move-
mentsat Soekarno Hattalnternationd airport. Thedeet
mix isdominated by aircraft equivalent to 737-400.
However, thefutureaircraft with pollutant emissions
equivaent to (or better than) A320and 777-200 air-
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craft would be the dominant sourceof emissions.

TABLE 4: Aircraft classesand proportions.

Aircraft classes Typesin model
LargeWide-Body 747200, 74720B, 747400 777300
Medium Wide-Body 777200, 777300, A330, A340, A310
Small Wide-Body 757, 767200, 767300
LargeNarrow-Body 737400, 737800, 737900, A320
Small Narrow-Body 737200, 737300, 737500, 737700, F28, F100
Regional Jet BAE300
LargeTurbo-Prop  DHC830, ATR72
Medium Turbo-Prop DHCS8, F50

Proportions
1.87%
7.22%
0.33%

68.03%
21.78%
0.76%
0.00%
0.00%

Figure4 showstotal aircraft movementsper hour.
Themajority of movementsat Soekarno Hatta Inter-
nationa Airport occur during theday and thispatternis
assessed. Themost significant hoursarebetween 17.00
and 18.00 as busy hourswith 18,549 aircraft move-
ment during ayesr.

Aircraft Movements per Hour 2009

18000 -
16000 = N /\/—- \
: / v \
5 14000
+ 12000 I \
g 10000 ll \\
§ 000 I \
Q
S 6000 I \
4000 \
2000 /
0 \J/

9-10
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1-12
2-13
3-14
4-15
5-16
6-17
7-18
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9-20
0-21
1-22
2-23
23-24

Figure4: Aircraft movementsper hour in 2009.

TABLE 5 showstheaircraft engine combination at
Soekarno Hattalnternationa arport in 2009 asassgned
inEDMS.

Operational LTO cycle

Emissionsaredetermined by fuel flow and emis-
sonindicesandthefud flow itsdf isdetermined by the
enginethrust setting. Thus, it hasto be determined at
which pointsbel ow theaveragemixing height thethrust
settings of an aircraft change considerably. Based on
the evaluation of the existing data, it is suggested to
definean operationa LTO cyclewithfour phases. Al-
ternatively, the takeoff phase could be split into the
phasesfrom brakere easeto lift-off and fromlift-off to
throttle back and the approach phase could be split
into 3000 ft to touchdown and from touchdown to end-
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of-rollout.

Average thrugt setting from takeoff brake
rel ease to the point of main enginethrottle
back. This point isvariable and dependent
on anumber of parameters (takeoff weight,
meteorological conditions, and flight
procedures).

Thrust setting from the point of throttle
back to the mixing height altitude, or more
generally 3000 feset.

Average thrust setting from mixing height
altitude (or 3000 ft) over the touchdown
point to the end of therollout on the
runway.

Average thrugt setting from engine start to
the point of takeoff brake release for taxi-
out and from the end of rollout after
landing to parking and main engine turn-
off for taxi-in.

Takeoff:

Climb:

Approach:

Taxi /
Ground
Idle

TABLE 5: Aircraft/enginecombination.

Aircraft Engines Aircraft (cont.) Engines(cont.)
737300  CFM56-3-B1 A330 CF6-80E1A2
737400  CFM56-3-CL A340 CFM56-5C2
737500 CFM56-3-CL BAE46 ALF-502R-5
737800 CFM56-7826  ATRA2 PW121

737900ER CFM56-7B26 F50 PW-127-A
737200 edugg'gr'nlig s FI00 TAY-Mk620-15
747200  JT9D-7 F28  RRSPEY-MK555-15
747300  JTID-7TRAG2 ATR72 PW127C
747400  PW 4056 MD8L  JT8D-217 series

757  RB211-535E4 MD82 o 8D-2LTA
767300 _ PNA%0. - vDes JT8D-219
767200  CF6-80A MD0 V2525.D5

777200 GE9O-9BDACI  A310 CF6-80C2A2
777300 Trent 892 A319 V2524-A5

A306 PW4lsgreduced  A320 CFM56-5-A1

M eteor ological data

EPA’s AERMET is the meteorological preproces-
sor to ERPA’s AERMOD, the dispersion algorithms used
INEDMS.AERMET requiresdl westher datatobeina
oneof four formats. The dataused was NOAA’s TD-
3280format, whichiscommonly available NOAA man-
tainsasurfaceand upper air meteorological Sationinthe
immediatevicinity of theairport, (WII1 station 96749).
Hourly meteorol ogica surfacedatainayear (2009) was
obtained from M eteorol ogica gation a Soekarno Hatta

ey Snoivonmental Science

Au Tudian Yournal



32

Modeling of aircraft pollutant emissions of LTO cycles around Soekarno Hatta international airport

Current Research Paper

ESAIJ, 8(1) 2013

International Airport for thestudy period. A study was  gibleeffectsin the predicted output concentration from
doneonthewesather including acompletewindangle EDM Swith any variation of wind angleusing the upper
search of theupper air data. Thisstudy showed negli-  air meteorologicd filefromNOAA website’,
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RESULTS

The assessment of total LTO emissionsfrom air-
craft in each pollutant emissionsat Soekarno Hattaln-
ternationd Airport areshownin TABLE 6. Theamount
of total aircraft emissionsin each pollutant emissions
are estimated to be CO = 1036.871 t/year, HC =
87.170t/year and NO, = 1424.393 t/year and the air-
craft fuel consumption for LTO cycles at Soekarno
Hatta International airport is estimated around
114149.555t in 2009. The distribution of pollutant
emissionsfrom eachtypeof aircraftisshownintable
(annex), Figures5,6and 7.

TABLE 6: Total Emissionsand fuel consumptionin t/year.

Total Emissions at Soekar no LTO

Hatta International Airport  ~q

NOy HC Fuel Consumption
Amount 1036.9 1424.4 87.2 114149.6
< . s Boeing
E::z'?i::: Eoeing MO-21 77?7353

3 Series
1.69% _

~_1.06%

‘Ail\)us A320-200 /
Series §
7.63%

/
/ Boeing 737-900-ER
15.41%

 / . Y
7/ Airbus A320-300
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/ /7 14.65% \
/ / \
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————————— 0.07%
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Figure7: Distribution of HC emission.

TABLE 7 : Distribution of aircraft emissions for each
operation mode.

Pollutant Mode

Emissions  Taxi  Climb-out Takeoff Approach
(6{0) 88.03% 1.18% 2.53% 8.25%
NO, 10.22% 23.17% 56.12% 10.49%
HC 86.26% 1.94% 4.63% 7.17%

As describe above the B737-400 has more than
60% of theaircraft movements at Soekarno Hattaln-
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ternational airport. ThisB737-400 hasacontribution
of total emissions of 35.80% of CO, 21.65% of HC
and 18.21% of NO,. The B737-400 contribution of
fuel consumptionisabout 24.41% of total fuel con-
sumptioninLTO cycles.

Annex: Digtribution LTO emissionsand fuel consumption.

. LTO
Aircraft Type

" co NOx hC onsun'?:filon )
ATR 42-200 0,6 0,06 0,002 17,2
ATR 72-500 28 2,0 0,012 226,5
Airbus A300F4-600 Series  231,3 607,3 19,9 38760,1
Airbus A310-300 Series 216,4 71,1 48,0 8306,5
Airbus A319-100 X/LR 15948,4 31366,0 204,6 2674217,8
Airbus A320-200 Series 70170,9 92427,1 6649,3 83979522
Airbus A330-300 Series 60457,6 109397,1 127746  5464405,0
Airbus A340-200 Series 4196,5 79185 630,6 459950,0
BAE 146-200 6683,7 3239,8 846,7 468934,5
Boeing 737-200 Series 302735 41555,7 41985  5143759,2
Boeing 737-300 Series 129881,2 64447,8 8130,0 8102890,7
Boeing 737-400 Series 371181,3 259400,1 18874,9 27858767,6
Boeing 737-500 Series 112496 57983 567,1 732879,5
\/Bvﬁﬁ r\;a Z;;E;OO 136661,9 248627,6 14302,7 18993297,7
Boeing 737-900-ER 136661,9 248627,6 14302,7 18993297,7
Boeing 747-200 Series 850,3 10795 3639 52775,2
Boeing 747-300 Series 4986,1 29155,0 713,7 1427371,4
Boeing 747-400 Series 12830,7 88232,1 14716  5052690,2
Boeing 757-200 Series 48,1 172,0 13 9120,9
Boeing 767-200 Series 719,7 11243 156,8 82004,2
Boeing 767-300 Series 2159,0 6420,1 1841 382443,8
Boeing 777-200-ER 92955 65478,0 376,5 2652498,3
Boeing 777-300 Series 18873,1 956339 927,0 5011721,8
Boeing MD-81 31949 6418,1 9319 549267,1
Boeing MD-82 3000,5 30356 0,047 398155,0
Boeing MD-83 455 41,3 13,9 5631,3
Boeing MD-90 48185 118829 70,3 957016,6
Fokker F100 2211,4 22320 3918 230600,1
Fokker F28-4000 Series 18,4 1,7 17,8 403,9

It can be seen that CO, HC and NO, emissions
andfued consumption of theB737-400 aredightly higher
than other aircraft types. Thisisdueto thefactsthat the
aircraft hasoften operated at Soekarno Hattalnterna-
tiond arport.

Thedistribution of aircraft pollutant emissionsfor
different operation modespresented in TABLE 7 shows
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that the taxiing mode has the biggest portion of CO
pollutant emission, which portionisaround 88%. The
biggest portion of NO, around 56% belongstothetake-
off mode.

CONCLUSIONS

Theegtimation of pollutant emissions(CO, HC and
NOKX) of aircraft LTO cyclesat Soekarno HattaInter-
nationd airportsispresented for thefirst time. Thefol-
lowing conclusions can be drawn from the results of
thisstudy:

Theamount of total aircraft emissionsin each pol-
lutant emissions at Soekarno Hattalnternational air-
ports are estimated to be CO = 1036.871 t/year, HC
=87.170t/year and NO, = 1424.393 t/year.

Theaircraft fuel consumption for LTO cyclesat
Soekarno Hattalnternationd arport isestimated around
114149.555tin 2009.

TheB737-400 hasabiggest contribution of pollut-
ant emissions per aircraft type with 35.80% of CO,
25.90% of HC and 18.21% of NO,. About 24% of
fuel consumption has been contributed.

Thedistribution of aircraft pollutant emissionsfor
different operation modes showsthat thetaxiing mode
hasthebiggest portion of CO pollutant emisson, which
portionisaround 88% and the biggest portion of NO_
around 56% bel ongsto the takeoff mode.
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