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BE O THE WLERMLS K534 (HC.CO.NO, S0, ) Hik & , 2 T H s R A A (ICAO ) in ¥ - i & Bl (LTO) BH & RAR &
S 4 HE (Engine emission data bank) , 4558 B R ALHLBA BB AR M AT S04R B HHE & E 123 15 1 AR WL LTO B3R <k
BRYHRE, BAE LTO BHR RS K HERUGHRE FHRER. 4R RH,2002 ~ 2006 4 RAHLE LTO 1835 H i & 23 & 24680. 54,
24701.30,31084.55.,35633. 84 ,40645. 55t;2006 £ & EH £ E il 3% K AL LTO fEH HC.CO.NO,.SO, K HE B B 4 B b 1514. 48 ,14341. 16,
23095.19.,1694. 711, jR B Aok B FT 20 ALK HLHHH G & E R BB 68.25% . BEIFLL T 2003 X 2004 £ F & H 7 KKK L W LTO
I HEBA A, HRRY AR LTO B TR HHE /AT JB WA RIET 4 Ml s\ h , AT R ETHR 5 1 29 &5 B MESR ) 50% , | TR 19 R
& 4min, HEHCE BREAK 6% .

KB RALHLH LTO 1B 3 s HE

3CE BB 102532468 (2008 )07-1469-06 hE 4 5 X196 EEERIRAG A

Evaluation of LTO cycle emissions from aircraft in China’s Civil Aviation
Airports
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Abstract; A calculation model of Landing and Take-Off (LTO) cycle emissions from aircraft in civil aviation airports was developed based on the ICAO’s
(International Civil Aviation Organization) standard LTO cycle and its engine emission data bank. The calculation used the fleet data and the flight data
from civil aviation in China. Aircraft LTO emissions (HG, CO, NO,, SO,) were calculated for one week at 123 airports and functional relationships
between emissions and number of LTO cycles were developed. Total LTO emission from the aircraft is estimated to be 24680.54 t in 2002, 24701.3 t in
2003, 31084.55 t in 2004, 35633. 84 t in 2005 and 40645. 55 t in 2006. In 2006, the annual LTO cycle emissions of HC, CO, NO,, SO, were
1514.48 t, 14341.16 t, 23095.19 t and 1694.71 t, respectively. Twenty of the 123 airports produced 68.25% of the total emissions. The distribution
of LTO cycle emissions from aircraft in 7 civil aviation airspaces was investigated for the years 2003 and 2004. In a typical LTO cycle, including
approach , taxi, take-off and climb, approximately half of these amounts are produced in the taxiing, and the estimations show that a 4 min decrease in
taxiing time results in a 6% decrease in LTO emissions.

Keywords; civil aviation; airport; LTO cycle; emissions
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1 5|5 (Introduction)

RBREZSGRNEREREZ — A8 K.
¥iE A2 AR B SRR 3 BRI T AR L A
FRERRESE ,F BT T S MHE(Colvile et al. ,2001) ,
T 6 R R B9 A 25 3 ol X 3R 3% i 2 me o R
(Joyce ,1999) . fiii 25 & SHHL X 31 35 B 2 W = E R B

ESWH: PEREATAZBEIT(863)ME (No.2006AA042427)

Rud, RAEFHM R R (RFE,1994).
RSN HLHE Y 3 AL 5 Y O T R R FR SEADR A
RE w2 EEREWRE (K E M, 2001 ;
Westerberg,2000) . B, 5 &L e 4 0 3£ .3
P E BT, — R EBAH RSB NO, fFBCHF O PF
( Gardner,1997 ; Ma et al. ,2000; % B %4 ,2000) , —
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5 B % % H 28 %

AL s T % ) B 35 B SRR B R Ak BOR e TE
18 (EPA,1999; Perl et al. ,1997; Kalivoda et al. ,
1997 ; 1995; Kesign, 2006; Romano et al. , 1999).

EEFRF EPA(1999) 78 T F B 0k BT <K
AR R PR A IR 4R 1, 3 2010 £TRALTS
LSAEEN G HRE S S8 LI, FF R 1990 48
KI5 G S HE OB B T 1990 ~ 2010 48 [
B B K B B Perl 4 (1997 ) i 3R 35 PR A5 %
AN B - FEh YL 1987.1990,1994 #1 2015
EHRMEIGYRRART TS, /BT ET
E& A8 5 WYL LAERREH KRB HEE #. Kalivoda
%(1995,1997) 7E MEET 3R E BB 45 T il FE
BRI S8 E PR BERE SRR TR
LR/ RSP B RE A R TR AL & 3
VLR R ARSI HLIE 3 I i i G BT M T
K B Bl R R 9 U BT T AR, X
2010 4 F1 2020 4F CAHLHE W AT T B Kesgin
(2006) T 5 T 2001 4 LB HALG K LB RS
BHEERCE. BT E P REX RSB R IEE A
7E ,Romano 4§ (1999) 4 Xt AR &5 K AL 15 fue ¥y
HEBCGHEAT T BT B LB

FREELBERYHRE LR T BTN
JeR B AT B IE ALl A SR A HE D T B 35
X 3R M R AR BT Bz —. A 2 R AR B
RIERESBHBENERAEES T EER
FHEEE FEM M2 E S B, PR TIEXE
AL R SIS ey HE G B TR P T PR IR T
R B R ) 8 A R % B DA > RALHEI R A R
MBI HRELSEZHE.

2 1 & 7% (Calculation Method)

2.1 E#

CHLFENFH B 2FE SN A L LTO g 34 4.
LTOEHR R CINEEEEZNGNEHE E
BER—NEATESE. BirRMAR(ICA0) M
E,— MK LTO B35 4 N TIERE JEk .
BT B RANCF, 3 B e A & Lo RS R F
AW RSHR R AR TR ICAO HE R
e LTO 1835, XK RN RB KRB R E
TRER & B 915m (3000 R ) M , R % B M4
T B LR SIPLEE K.

K LTO P8 3R 7T LA RALENL T i Heik .
TEMUSKH W, KRSV ESH TERESHE

T 1 MR ERIE D RE T B AREST
12 WHLR AL HE R 7 AT B R AL FE B 3R
PIEITS e HE k. 0 SRAT DA RE 48 BR AL, BP RALTE
YL B BT A 36 3, 8E AT DL 3B & T 7 e o 3
B2. Fit, Zm CYLENL S LTO 183 H ik B 2 K BT
ARERRRE : O CHLRE, B A 7 LB
AR, R TCHL/ R BIHLIEEE 5L @ CHLR I
KA, RHLR NP B 7= 4 3 07 W9 3 1 o
WY, B R Ek. BRYHBOROR TR
MR BEMR A B S PR E BT R R. © WHLHEEK
GRY A NHB T, S5 H% E T B8 E D X
HRER. @RSV TAER, AFE N R
BRMETH N E. © CHLE LS KIS 3, B R HL7E
PLE Ky LTO 153 4.
2.2 %k
B B £ — R 3 505 Rl e R R AL AL
G 1 AR RATIE S R BESL L 1 4 LTO 48 5
TR . XA DA DL BRIR R ALY AR T B O
% AHEBEES B AMAE G RMIEVL 1
FE A JE 308 B A B Bt 200 R AE, R 5 18 W B0 BE A 22
16 e B AL B BCE A 1 AEIR TR0 1 R TR
EELGT mRABENRE I/ ZIPILRE
ZRE O B B RALE T BSOS R A= A
PLBAIEE R AL BR B , DLEF S HE R T 0 i B
P&, 4 & EPA(1999) MR PR E RN E UK
Kesgin (2006 ) 7+ 5 + B H AL 5 C L5 B HE i 24
A, BB TRHARRITREARK.
2.3 AR
BRI HR AR R AKX T.
E =) YE, (1)
AH i AGRY R m N RV TR £, .80
i BRYFE m A 1 AR E (kg) ,E, H5HY
1 s e & (kg)
A RIE R ET R A
Ep= 3 Y tdeFounkeenitn (2)

A ,a B RHLEE ;e AME AT 0, N a BIRHL
RESIBE(E); L. A e MEAF o BIEHK 1
J& LTO 163 85 F, . . N e A AF a BIRHAEm T
PEMR T R FE R (kg-s™') 5 E, . .. H e 28
AT a BUCHIE m TR T HERY  WEERE T
(g kg™ )5t 0 a RKHLAE m BR K T 1ERH
(s) , HEAS 5 LEAXAMM.
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PR R E AKX T
1
Fa,e,m = 7; Kij,m,i (3)

P A K e LAA T o BCHLEIREG ARSI
KK, K e LA o BKHLE j BEHHLIE
B 0 BRSIHLTE m TAERER T RO I #E
R(kges™) BUREE B 1CAO 1y 5 3h L HE B P 5
HERSS EEARMR. IARREMS AT
— BB B IR 3 B R A5 A 3, AR
OLTEEY EVS ESIRT N LT S
$ER.
HEE P AR T
1

Bvri = 5 3 Ko (4)
KoL E,, N BRSHIE m TAER TSy i
BB M (g ke '), BUIR 3K B ICAO 0% 3 L3
B RERS S EEARMR. AR EE
25 A 7 IR — BL B B R 7] % 3 WL 4L B 450 AT
AR (2) PR A S A AR A ALY T
HIHEROIR A

3 HIENRER S B % E (Data source and parameter

determination )

F2005 FK, 2ERAMEs LG IE 142
A EHEAAAL S 135 M (PE R LRI R R

i) 68% .

FERMAER CHPAMER S, EHHILEE
KEAFRRINUREERY]. CHES 5KIIPLE
ST E——XTR, Bl A319 e H R M & At
TN LA A 6 F AR A5 1 & 3 HL. T F
— i as 2 5 B [F — HLEV R S AL 2 A JE v —.
MESFRASS5SRAPEREFERETHIFERR S
R RS E RIS ER S, iR AL
2006 4£ 12 A 31 H.

AR, #HE BT ECHEHR KB
ICAO #E M ArvE LTO 183 , K T/ERAE HEH iz
PRI R 1 B . CHLEE SR TAEBE T KRR M
HEEFH R BB 8 T E s RATHR W K 3L HE
BOBCHE BE. B T ICAO BB E P B R & 4 HC,
CO.NO, ,i# B HE SO,. P44 5 B HE B T, AT
BEBERMPHRERRIBT 2B SRS S
FEAE SO,. H U, SO, B HE B T 48 1 AR 43 , FHR K
BRS R HEREILR, X EBRHE Kaliveda 1§
MEET R B K 1g-kg ' (Kalivoda e al. ,1997).
B & 3l B e B0dE R L3k 2.
£1 ICAO AEMIFALTO ERTFRINENEGENEHNRHE

T AR R A5 89 B 1]

Table 1 Standard LTO cycle in terms of thrust settings and time spent in

the specific modes

P ITHERS #EARE T BT &)/ min
W45 ¥ ,2005) .2006 FR A ERHILGRETTLE £ 100% 0.7
7120 & ARUCH A3 VMR M L LR o o .
TN R TNER U el TR 1= e " p
K KRE BRGNS 8RS M, B 79 6.0
SRR FE 2 B A AR X 20 MG IRE Fit &
HeEERER 8%, CHILEREKRS2L2ELRE
R2 RABVAIINHREER(ED
Table 2 Index of emissions from commercial aircraft used for civil aviation
L - BuRE HC Cco NO, SO,
RANAS BAR /(kges™h) /(gks™) /(g-ks™") /(g-kg™") /(g-kg™")
AE3007 A1 £ 0.3826 0.221 0.77 19. 66 1
nest 0.3180 0.257 0.96 16.63 1
brinin 0.113 0. 655 3.91 7.10 1
B/ 8%E 0.0461 3.818 23.73 3.47 1
CF6-80C2A5 £ 2.5810 0.070 0.52 34.38 1
nest 2.0820 0.080 0.52 22.86 1
brinin 0.6870 0.200 1.93 9.11 1
B/ 8%E 0.2070 8.990 41.65 3.79 1
CF6-80C2-B6 £ 2.5790 0.070 0.52 30.81 1
nest 2.0810 0.080 0.52 22.94 1
brinin 0.6860 0.200 1.93 9.11 1
B/ 8%E 0.2070 8.990 41.66 3.79 1
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B O#®# % % #

28 &

MAMES S RHLILBEEYE, 46 ICAO K& )
DL R B FP AR X B B9 22 3l B R T T A6 22 0
e BUE , 1AL A F R — PR B A [R) & 3l AL R
HTACEE, REFEAG) KX HBERARME
AR FEE LR TP SR M E AR AR T FR
F1RAMERER X ERAKXO)HERAFTE
RAMHLE CHL LTO B35 R R R E s RIG#H A&
AHBBAGRYHEEE. H Delph HF

3500
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a =0.8688x-10.257
R2=0.9697
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LTO 13 %L
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y=13.249x-447.94
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LTO fEER%L

3000
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BRI ERITEEF TR
4 #52 (Results)

4.1 BEER
B eE 123 Mg 1 BERE#ETHE,
A LTO BEHFR B S /M HBEFHUES KA (LA

1).

b y=8.8227x-131.27
R*=0.9892

2000 4000

LTO fEER%L

3000

0 1000

5000 y=097225-232

4000 |- R’=0.9864

3000 —
2000 —

1000 X

0 l l l |
0 1000 2000 3000 4000

LTO fEER%L

1 HC.CO.NO,.SO,#WE5 LTO EHRHMXRE(—H)

Fig. 1

4.2 2002 ~2006 fF Hw g8

TR E R iz ok & R R, 2002 ~ 2006 4R,
AR EM 171373468 AR INF) 331973261 A
W AEHE K R4 8K 0. 08% .38. 8% .17. 5% 1
16.7% ,#H RE B 75 e 9 38 K 3% 0. 08% .25. 8% .
14.6% \14.0% (2003 4Ef F SARs [, A5

HC,CO,NO, SO, emissions as a function of the number of LTO cycles (one week)

2002 F£KF) . RMW RERBRFEN G T LRY K
i 2 0 0, 3155 W) R H 2% 2% . 2002 ~ 2006 4
RALHL G LTO 183045 HE 75 B L& 3. 2006 48, ik
Eo & 5 ET 20 A2 HLF R HC.CONO, A1 SO, K #HE
WMEER27742.41t, K2 EHHE R B E W) 68.25% .
2006 45 Je My i A L3R 4.

=3 2002 ~2006 F REGHLIG CHLE LTO {EIRHERE R

Table 3 Inventory of the annual LTO cycle emissions from aircraft in civil aviation airports from 2002 ~ 2006
1y HC/t Cont NO,/t 80,/ BEN BEEEE
2002 919. 62 8708.19 14023. 68 1029.05 24680. 54
2003 920.39 8715.51 14035. 48 1029.92 24701.30 0.08%
2004 1158.23 10967.73 17662.52 1296.07 31084.55 25.84%
2005 1327.74 12572.87 20247.48 1485.75 35633. 84 14.64%
2006 1514.48 14341.16 23095.19 1694.71 40645.55 14.06%
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F4 RAHLIH 2006 F£EH LTO FHF5RWHR & 2

Table 4 Inventory of the annual number of LTO cycles and associated emissions from civil aviation aircraft at each airport investigated in 2006

W% 4E LTO JE%F HC/t CO/t NO,/t 80,/ REA W TR
B EHLE 170841 164.58 1558.42 2509. 50 184.15 4416.65 10.87%
rEBAR 102523 100.77 954.18 1536. 40 112.75 2704.09 6.65%
Bz 105655 100.95 955.86 1539.11 112.95 2708.87 6.66%
-1k 84979 77.15 730.53 1176.24 86.32 2070.24 5.09%
B Ex 75715 73.62 697.08 1122.36 82.37 1975.42 4.86%
REIUT 66451 67.53 639.45 1029. 56 75.56 1812.10 4.46%
B R 54518 58.88 557.55 897. 66 65.88 1579.97 3.89%
7R 39631 43.78 414.51 667.30 48.98 1174.55 2.89%
P34 45686 43.13 408.40 657.46 48.25 1157.25 2.85%
JERITIL 36337 38.62 365.68 588. 66 43.21 1036.17 2.55%
B e 33507 33.59 318.07 511.99 37.58 901.23 2.22%
EERE 31413 31.27 296.07 476.57 34.98 838.89 2.06%
wOE2 34440 26. 81 253.83 408. 54 29.99 719.16 1.77%
K& 29767 30.89 292.50 470. 81 34.56 828.76 2.04%
KERATF 25194 24.48 231.76 373.00 27.38 656.62 1.62%
BREA 27754 28.05 265.56 427.44 31.37 752.42 1.85%
RWEKM 25897 29.04 274.96 442.57 32.49 779.06 1.92%
2 FEHEAL 21536 21.25 201.15 323.70 23.76 569.85 1.40%
BaAF 24458 22.41 212.13 341.39 25.06 600.99 1.48%
EY NRAN 17009 17.16 162.43 261.35 19.19 460.12 1.13%
HE 474954 480. 54 4551.03 7333.61 537.95 12903.13 31.75%
s 1528261 1514.48 14341.16 23095.19 1694.71 40645.55 100. 00%

4.3 HEHEL>H 13.27% .28.16% .9.81% 5 48.75% ,HF R F 5

FEHRMERE2ENRML SN B X#h X
MEEHF, 4R Eb R ER PR AR
AU ERFE RERMLERAEFSGIT AR, B
2003 }% 2004 4L R BB LTO 18 348 HE A
o, E 2. BEA L, B ET SRR
R, WM ER 60% 4t AL R . F
b BB BN 14% 5% \13% 4% 2% .

10000
8000
6000
4000 -7
2000 |-

2004 4
01 2003 4

HE SR 1t

fdb Fdb 4K R WHWE Wk BE

2 20032004 £ EZHA S HE

Fig. 2 The distribution of emissions of 7 civil aviation airspaces in

2003 and 2004

4.4 LTO XA M B FEHLH
KW ESIPLFE LTO 153 4 MERH 27,
R #HiESBRTEISAEERYHRS S EER

BB BRE. MRy ELE TR A
) 43512k 3.85% .38.60% 53.46% 5 4.10% .
4.5 WATE FEHwE oM

LT RG/BERES TS T SRR
50% 75 54, L EE B CHLENL S B TERS &
THAEELAL PR M = A 38 & RO HEHC. U6 R ShHL7E IR ¥
JIRET T, HE i BB . AT L5 B A&
G BAR N, 75 5 T AT I 1R B 3R Ak Xk ¥ e
BEEW. ZRER, BT M 26min [F 2
22min B, SEBRYEBEIRT 6% . Bk, AT
MR R, LG LR AT B, R E AR
B HERR R DB HE .

5 {318 (Discussion)

B 5, BT A SO A 58 S 7E [ BrAn ok LTO 9§
BT, XEMNERERKN—FEE Y. CHEE
B AT A, 45 T A AR K AR 4R T T R R HE R B
AN [E] S5 4R #E LTO 15 3R B A RAHF B, T 5 CHLE
S RAKRMMI G K B TIERMFEA K. ICAO H
9 & s ALk R 7 R R S AL AR 7 B IR AR 7R IE
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MRS BRS , EEFEHSKAET AR E
TREPERRE, S CITRA TR EREE
FIR L WA AT R AF T 8 52 i W P08 AR X e
JR B4 R1 R B 2 U, V5 B M HE R B S AR LTO
T LR A AR, 5K TAEKFEIHERE,
Fsg it B 5 AL R R R A IR BT B BTSRRI

HWR i T E A= AR SR RO/
RENHLCE TR G = , AR BEFE 8 R % 58 ESME
o AERMYLE S EK, W B 7358 2002 ~ 2005
RIS YL HE R B i T LB AR 4k BT R R
M, X B BASBR TEP TP EE.

TRALHEK 17 B B R A 9 T A S R A
BEWE 75 T BB 5T , B Ah ok A 7R XSGR BT
REBIBTFE TAF 5 578 B P X A 8] BF 52 4 I KU
B LHTE T 5 75 AP R TAERA T H
X L3 6L LTO B35 3k ik & i Bfh 2 el x4l
Gy ¥ 55 520 AL ) R ik A T 7R, Xob o T 4R o 4 IX 3
R ER A A Fritk— B IRABTR.

BEEEGERE(1959), 5, 4R K AAERZE R
ANEGERRDH TRUREHFRENFET.
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