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[Abstract]

The potential impact of aircraft emissions on the current and projected climate of our planet is one of the more important
environmental issues facing the aviation industry. Increasing concern over the potential negative effects of greenhouse gas
emissions has motivated aircraft emission estimation and prediction as one of the ways to reduce aircraft emissions and mitigate
the impact of aviation on climate. We obtained airline flight schedules for all the airports in Korea that are included in OAG
data. Fuel burn and emission index of LTO flight which contains take off, climb and approach under 3000ft and Non LTO flight
which contains climb, cruise and descent over 3000ft for all the airports in Korea in 2005 were estimated and analysed for each
condition using AEIC software which has been developed by MIT Lab for Aviation and Environment.
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Table 1. Adjustment factors for installation effects.

Mode Power Setting Adjustment Factor
Takeoff 100 1.010
Climb-out 85 1.013
Approach 30 1.020
Idle 7 1.100
g o] gollM= 54 Fe7ieh 23] 3] Aledleld

to o

Feysle] St AR AaRHS
7o) AgAmEE) o
B2l A 20053 1137 & oy
0.2 %} 27,000,000 ©]A+2] H]dHel et HiEES
4= 9t} AEICo| A= boeing fuel flow method 2 [
Baughcum, 1996]9] W02 wl&3-S Axtsled A4 Akst
5, g3les, dakslelae] 7$-oll = ICAO engine emissions
databank [CAA.2009]°1412] Els(emission indices)S &3},
TE3FICAO databanks 3% 13 Zo] w77t~ viEs g 55
S 7%, 30%, 85%, 100%2] 4714] F8 520 2 RS THS).
AEIC non-LTOOM &= ajd Aol A AR 3157] 7153}
e whe} 247k vl &3S AHg =t 0AG tlolEfoll A
+ IATA CODEE AR&slte] 7] 7|%s JEAlskE W,
BADA®|| A= ICAO 3£7'H& A8t} whaba] o] OAG Hlo]
Elol|A] Ab&3l= o] S35 BADA &-57] EEol|A] Agal= o]
55 "3 (mapping)3te] AEICOIA] A8 F= JI=E 315t

TR
L3} JATA Code® Ho]¢):= <17 DBE ICAO 1% DBRE L
9 49} o] wisgskein)

H]

o]
E

o2

{0

ol

= O

2-2 A=A 3L HISEF AlAHA

th7] dlo]eli= a5 (sea-level) o] FFT7) FFAE 7%
o2 w7} olel vt ek e g A4tk

) I ZEF} AL AN
fuel flow= FHY AH AFEHTSFC; thrust specific fuel
consumption) 7 [kg/(min-)]S A&l ARFeICE T 212 A
Eqidel digh 8 s AR RS A t71E5( Vs

true airspeed) $F= X AT

o714 Cj 2 aircraft-specific
[kg/min/kN for jet]o]L Cp& 7+ HA
[ke/min/kN for jet]o]t}

olw, A% EF, f& S AR&ate] ALk & 2l
FA| (o] F/A 2 W, =3 dA) ol whek oA Ak

%2

www.koni.or.kr



8 4. IATA CODES} ICAO engine emission data bank2|
QIR Hlofef ofd

Fig. 4. Engine data mapping of IATA CODE to ICAO
engine emission data bank.
VTAS
o O|E/AZEA f=nxThr :C}l 1+ c Thr 2)
12
o F T f=nx Thr — oy Yras\ g 5
TG A f =X Thr X G, = Gyl c, U q’m»()

A7) Thre F30|1L Cp,, 2 8 A% 55 BA A7
Hlelck

2 @l & = 8l5el
Z3lth BADACA st
SE2E AR oF ol & B8t
9] A8 S EF 7 vlasts
7] wjiZoll < X(approach) AN A ARS-g}. eufsld 5
7% T dAsictar 7getr] wiitel sE e Al disk
ICAO ED (emission databank)=F-E] ¥ AHs 88 2o]
BADA%]& 2l A] ARE-HITE 0] 2§ ICAO A= S5 4k
BFFM29] 2o w}e} &=, o2, wlsl4-& 234 3ok

Aot AT T FFE ARSI, AT ARG vl 5= (flight
chord: taxi/delay 717H)ll thall Al7tol] whe} WMsh= A8 555
o] o= AXHrt vle) F=of o AT ARG g F=
2 7] Aol &7 T S S8l ARggt) 1eRE 3
IV HBARE Ao THUAE F P

2) ¥)7]7k2 2

BFFM2+= CO, HC, NOx Wj&7}2~& RElH 57 913 ICAO
tlo]e=1¢] ¢ S ETo] A-3-5}= EI (emission indices) S
0]-8-3th BFFM2oA 9] 8 8 AL A8 23 E19] &
A} akof whE o713 o whel 27 ¥tk BFFM2+= BADA
ZRE o5HE A8 S50 &S St AE 5 Ak
=0 Wtel webd, nezd ukel ol SE Aw s 5%}

http://dx.doi.org/10.12673/jant.2016.20.4.265

Log NOx El

278

247 2wl Ee v G 7S 7FR)= WEE ICAO tlol e =
AMe] s SEFT AV NS BAgE o R A
ok kst SAREU7E=Add FuXE A7) W
ot}

HiE71225 BaRsl] HlsiM e 2 e w7 sl
FHS X HX&a Y (installation
s}, &, A8 s Egd 24 AAE

i}

Bl An S5 kel ’ls
|85k #he AR o] 27t <l

RW;, = RWp,, v @
A7, RWy= Faxlel gl RAE s s5ola
RW,,, = Fa1Ael] %4-8-3= ICAO HloleWa =58 24d
A8 EEF, re 1o 24 dAjelth of 7| A & H|E el
i} thEglko] 2 RArHo]S: 1.010, A5 1.013, H<= 1.020,
idle: 1.100).

F A DA E=ICAO Elset AR 5570 Pl 21 1
2 FAFTE Nox= A8 2827 28 #)= vhd cost
HCE A1 e 2 19 59} o] 3 L)

a8 P zel A 3 MR 2L e vk FY Aol
o)&] gHEo X oL F HA 2 Me e FH o) F Y ked R
A A8

Al AR S = 7 8HA] e8> BADA S S5 Ao] 114
| BFFM2 41 AHg-sto] 2o 27102 445 Ao o} e}
o] x & ¥

W, = (W;/8,,,,)[0% ,exp(0.204%)] ®)

8oy = P/ 14.696 6)

0., =(T . +273.15)/273.15 )

Wy BAE BADA ARSEH [kgs], W HIEA
BADA 9535 [kgs], P, NTLE 9 4 [psial,

mb

Log CO or HC EI

Log Fuel Flow Log Fuel Flow

a8 5. NOx, CO2t HColl thgt Elet 12580 2I-E1

Jef=

Fig. 5. Log-Log Plots of EIl versus fuel flow for NOx, CO

and HC[18].



AEIC Z2O# S A8ttt =Y S& &3 2ATIA & MF

T, lE A% 9] 25 [=C], M2 v}aa=oltt. FrALe Aoz Sl ARICE Wz =g A oA} Ao
dl A SA= mE A SED S 2Ash] e =21 1) g e AL AAA FUA, AEDTS] A5t
To} BAY A8 SEFS AMSSTE 21 T ZE AR e 4& Zharshd AEICO] A3 =8 Y58 4 Ak
A 2= 1S ksl wrEo]Er) AEDT9] 7IE 2 2= Volpe, FAAS} 22 7|7, MIT
TR R S AR s SR fh2 HlE e 2700 o 22 gal Fo] Fojste] /Tt FAlol S-S A8k
5371 918l izl BFFM2 21& o] &3t T3 AEDTE &4°S= CAEP(committee on aviation
environmental protection) % 2 A Ao A1-5}7] S]af|A] W=
BIHC= REIHO, /5, (8) TR0 LR CAEP oMo HES st H2 %
A7 o = o x}3k Eo)
EICO= REICOWSS, /12 O omggcigﬁfﬁf
EINOx = REINOx [exp(H)) (5102 /%3, )1/2 (10) (UK) =2 A AL S THER
H=-19.0(w—0.0063) (11) 3-2 HESEE AFY ALIEIR
o]714, EIHC<= HC®] &3H4 wiEA{g/kg], EICO+= CO9 B RoA] &2k A1 Al AEICTZ 1213} 20054 £

34 wlEA S gke], EINOz: NOxo| &34 &4
[g/kgl, REIHC+= HC®| B wiE&X]F{g/kg], REICO+= CO9
B viEA9g/kg], REINOx = NOx2] BA wlE2]4g/kg],
HE &5 B4 QAFo] AL w &= H|5 X (specific humidity) ©] T}

AN WA GARE v eAlo] 2 X|EAIzke] AA
) OS2 S AFEELe] A7 AR S FBE A4t

o, +
AR5 o] &3l =l T8 73, A T TR, F 14 T
o tiate] 17 99} o] 4k L
7|07 sto] ot Al
i. 20054 19 St 147) &) A o] 25
r,Hz‘s}?I: QA 7}‘/\ HH%E‘Q‘;
ii. 2005 1d &< FHFHel s = FE9] non-LTO
T AT WS

FB=[,, At (12) iii. 20051 1 Eek SfEele] siEEE i) wmad
non-LTO & 227}~ vl &3
A7, £ 2 BAR A8 55, At v e iv. GF7) 712 A8 g8 B
AR l= v. 20053 1A E3F 1470 Fell Ol%‘%{f& BE 4o uigh
E3M wjlEX e A8 AR CO, HC 183 NOx Al non-LTO &8 & 472 vi&%
2k 18] AHE-AT
Emission NASA/Boeing ~ QUANTIFY  AEROZk AEDT v AE;%OS AEDT
EC: FB>< EICO (13) Year 1999 Year 2000 Year 2002 Year 2004 (The;':rhesls) Year 2006
Fuel Burn (Tg) 136 152 156 174.0 180.6 188.2
EH: FBX EIHC (14) NO, as NO, (Tg) 1.38 1.98 2.06 2.456 2.689 2.656
E‘N: FBX EINOIE (15) CO (Tg) 0.667 0.507 0.628 0.749 0.679
HC as CH. (Tg) 0.226 0.063 0.090 0.201 0.098

o1714, EC= CO ¥WiEHg], EH= HC WlIE&Hg], EN< NOx a2 6. T2 H MAH S SAITIA HiESE AR 7}

=
o] wiE"Hg] oItk Fig. 6. Comparison of global aviation emission inventories by
programs.
. JLHSE viEEY AF AlLl2|2 - N ==
_ 12001
3-1 =2 A= S
; 800/
]
MITOIA ARICE 7 7, 23} dlolel A53 w02 &7
©=0 2 TE toold} gt HolH = §liL, LTO9} non-LTO ] M, M, J
Z 3tz A7) 3he a9 63 o] thE e 7K EET v 80 50 -1%0 90 60 30 [] T PR )

Longitude
A3k
= 2 ALR235} AT Hs)of =
97,88 9Esl e me A0 e el g TH QEE'?LQEDE B 2000 B ERAl GE
ol e =]

B4R A4 ZAIE AEICS AEDT (aviation environmental . < - L o

= Agsto] AASaL W) E TeEeln] A A Fig. 7. Comparison of Longitudinal distribution of global
(%es_lgn tool) & A8 B e ! — SIS emissions inventories using AEIC for the year 2005
5k APg E= W7k = AEDT 9 vl el A AEIC 23 79 and published AEDT results by Wilkerson et al.

279 www.koni.or.kr



90

— Wilkerson et al, Year 2006
— AEIC, Year 2005

Latitude

oy 500 1000 1500 2000

Fuel Burn (kg/km?)

18| 8. AEIC2} AEDTE AHEEH2005A 9| #stof|
= o 4TS |

— ol

Fig. 8. Comparison of Latitudinal distribution of
global emissions inventories using AEIC
for the year 2005 and published AEDT
results by Wilkerson et al.

V. AEICE AI23 HHETF AMY Za)
4-1 FUHZH LTO LIS MY Z1t

Al Lo Al A elgh A} o] Uil F3 73, A
73, F 1471 33l tisted 3,000t H]TH] 321 LTO
o sl wjE%S AP skl WA 20051 LTO 23]
SAREZS 249,409,620 kgol YHA] #lEHS NOx7}
4,122,551.3 kg, NO*= 3,536,230.8 kg, CO=2,922,398.4 kg, NO,
= 524,082.29 kgo]il HCE 488,548.89 kg “L&]iZ HONO
62,184.09 kg =27 W&ol Wokrh o= 1% 10 B 3% 29
Bk

i HO r_)lz
r ot of

ofy

4-2 ZLYZS non LTO HiSEF ARH Zin}

http://dx.doi.org/10.12673/jant.2016.20.4.265

[
ANE T & wa
TTIR
il i
TAE [ W]
WL | i
| SN
AU e
L ]
| ]
™ H
[E=1]
intEerhiongt Aapot
el dinmestic mpot

a7 9. HIEY ANES FUS 147 B

Fig. 9. Emission estimation of Airports in Korea.

Total emission estimation of LTO flight in 2005
1AE+10

1.7E+10 75.1%
= u 00 g
1E+10 _ RHE)
4.5% 0.5% 112% w HOND (gl
- 30, g
i & i -
& N ()
BE+Ci
\ M (g
35.4%
AE+A &
2E+05

total LTO Eméssion

9| 2005 & LTO 2% 247t~

o

38 10. =4 1470 3
B =2

Fig. 10. Emission estimation of total LTO flight for 14
domestic airports.

Total emission estimation of domestic non-LTO flight

in 2005
LAE+10
LIEVID 11.0%
E 4
so2% 31% 0% ot
1E+10 g ] Colg
& < HE {g)
HE409 \ = HOND g
\ IND2 fg)
BE+I5 ~NO (g
43 8% 33 MOk g]
dE+0%

ZE+03

Domestic non-LTO emission

I8 1. FuiaHollAMe] 2005 non-LTO 28 & 24I7tA
uj &2

Fig. 11. Total emission estimation of domestic non-LTO
flight in 2005.



ksl 71 vl 7] 7S E R ARhngy) 7155 A7l wES
o] 2. 7t 71FEE EEH ol HolHE A4 $AE
A¥ste] =] F9el ddel= non-LTO -1 & A8 4LL
I} A7k A S ARSI AN A TR T3 11 E E2
9} 2t}

4-3 T2 non-LTO Hi=2k ARY 2T}

19973 WEHAE AEe A A A S e
3719 wiE3A wiAol ofelg-o] ojA & Hok=
2 A28 tH9]. SFAIWF EU-ETS (emission trading scheme),
ICAO®] =7} 750l A1 79 ToR%E & < 30 o]
gk A el gk 27 wE ] i HQlo] o E] =
olm =9] Hojofsh= Fatolth weba] o] HeA= s &
oA o]FFsE B Al wAER Aol oig
non-LTO &3 F-7of tf3k F AgAhwsy} 2471x &
S AHAEIITE AR AR 47,514,661,637 kgolaL, LA
HiE3-2 NOx7} 78,601,786 kg, NOT= 66,897,066 kg, NO,=
9,373,333 kg, CO= 8,352,173 kg 31 HONO 2,210,647 kg ~12]
HC% 1,342,552 kg = o= viEFo] Wt o] A3+ 1
2 % 35 200 vERlT

B 2 7 287 5 ARLREI HiT [T siEY

Table 2. Total fuel burn and emission for each operational

section.
e 'l Nox | N0 | No2 | HONO | HC co
(kg) (gram) | (gram) | (gram) | (gram) | (gram) | (gram)
LTO | 2.49E | 2.49E | 4.12E | 3.54E | 5.24E+ | 6.22E | 4.89E
+08 +11 +09 +09 08 +07 +08
Dome
stic 2.60E | 5.10E | 457E | 475E | 5.44E+ | 1.67E | 1.28E
non-L | +08 +09 +09 +08 07 +08 +09
TO
Inﬁem
f‘“"“a 475E | 7.86E | 6.69E | 937E | 2.21BE+ | 1.34E | 8.35E
+09 +10 +10 +09 09 +09 +09
non-L
TO

E 3. suisgel 78 dARAaRY
Table 3. Fuel burn of each operational section for
domestic airport.

Fuel Burn (kg) Contribution To Total
Domestic non-LTO 259,892,528 5%
International non-LTO 4,751,461,637 90 %
LTO 249,409,620 5%
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Table 4. The number of flight times for each flight
routes of domestic airport in 2005.

flight routes | DUHOSTOE 1 bt routes | miber of
flight times flight times
ICN_CJU 404 au cn 5,780
ICN_KWJ 9 CJU_HIN 576
ICN_TAE 729 CJU_KPO 148
ICN_PUS 2426 | CJU KUV 1,448
GMP_CJU 35,708 CIU_KWIJ 5,783
GMP_HIN 2,980 CJU_PUS 11,563
GMP_KPO 5,563 CJU_RSU 634
GMP_KWJ 7,469 CJU_TAE 5,989
GMP_PUS 23,168 CJU_USN 576
GMP_RSU 6,745 CJU WIU 728
GMP_TAE 2442 | PUS_YNY 724
GMP_USN 11,131
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Fig. 14. Fuel burn of LTO and non-LTO flight for each
flight routes of domestic airports in 2005.
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Table 5. Type of aircraft and the numbers of flight for
GMP-CJU route.

Type of aircraft The numbers of flight
A320-100,200 476
A321-100/200 8,396
A330-200 4
A330-300 11,498
GMP C B737-400 7,314
- B737-500 755
U B737-800 1,879
B737-900 1,846
B747-400 31
B767-300 1
B767 446
A306 3,062




E 6. 37| 7153YE zlthzpAeet 2ol S5
Table 6. Max seats and maximum takeoff weight for each
type of aircraft.

YPe | A0 | A321

o f 100 | -100/ A330 | A330 | B737 | B737 | B737 | B737| B47
airer 200 | 300 | 400 | -500 | -800 | 900 | 400
aft 200 | 200

Maxi | 180 | 220 | 293 | 335 524
mum | (I< | (< | @< | 2c | 188 | 140 | 189 | 189 | (2-cl
seats | lass) | lass) | lass) | alss) ass)
xTO 169, | 206, | 510,| 510,| 150, | 138,| 174,| 187, 875,
i 000 100| 000| 000| 00O | 801 | 170 | 699 000
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Fig. 15. Unit fuel burn for each type of aircraft.
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