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Analysis of Aircraft De-icing/Anti-icing Efficiency

Considering Pad Allocation and Ground Handling Operations
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ABSTRACT

This study analyzes aircraft de-icing/anti-icing operation strategies for reducing departure delays at

Incheon International Airport. Aircraft de-icing/anti-icing is an essential winter operation for flight
safety, but it can also become a major bottleneck in departure operations when demand is
concentrated under snowfall conditions. Using departure flight schedules from 07:00 to 21:59 on
January 21, 2025, this study evaluates alternative operational scenarios involving De-icing/Anti-icing

Pad allocation, truck deployment, and integrated ground-handler operation. The analysis considers
separate KAS-AAP operations under different AAP pad availability conditions, integrated KAS-AAP
operation, and two-truck and four-truck deployment strategies under different snowfall conditions.
The results indicate that De-icing/Anti-icing Delay is affected not only by the number of available
trucks but also by pad allocation, truck utilization, snowfall intensity, and demand concentration by
time period. In particular, flexible pad allocation and condition-based truck deployment are found to

be important for improving operational efficiency. Integrated operation between ground handlers may
also support peak-hour delay mitigation through more flexible use of de-icing/anti-icing resources.

These findings provide practical implications for improving winter departure operations and
supporting more resilient de-icing/anti-icing management at major hub airports.
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Table 1. Main contract airlines by de-icing/ an-
ti- icing ground handler

2| 271018 | o | BEE | a4 | WA
KAS 9 4 3 18 34

AAP 1 6 - 14 21
SHP - 3 24 30
SPI 1 5 4 20 30
JAS - - - 1 1
A 11 18 10 77 116
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Table 2. De-icing/anti-icing-related departure de-
lays in January 2025

15~ | 30~ | 60~ | 120~ | 180 | ¥4

=)
T | 0w | o | 1202 1802 | O | (m)

01-03| 1 4 - - - 5
01-16 | 4 2 2 2 2 12
01-27| 3 2 1 5 2 13
01-28| 10 | 17 | 20 7 1 55
01-31| 2 2 - - - 4

A 20 | 27 | 23 | 14 5 89
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Fig. 1. De-icing/anti-icing zone layout at Incheon International Airport
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Table 3. Basic data and equipment conditions
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Table 4. Fluid spraying time by snowfall intensity
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Table 5. Comparison of estimated time from de-icing/anti-icing request to pad exit by operation type
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Fig. 3. Light snowfall, AAP equipment utilization Fig. 4. Heavy snowfall, AAP equipment utilization
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Fig. 5. Light snowfall, equipment utilization by
truck configuration under (AS pad assignment)

AP CD 21 —AAP CD A1 E

ZH|I7ISE

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Az

Fig. 7. Light snowfall, equipment utilization by
truck configuration under (CD pad assignment)

ol Au] 19 HYug Aol AT & ek
oFst 4 ZANA 20 1AL A8 167 3]
A WAL 11350 Helshs EQ v, 41 1
o Au] 10} 8] 1/4 WAG 7Ee| A
x2 ZpgE 2 47 184S 387 109 8
EARNE VI 4 9lout, BAO) BY Hu] 57
19 & 3] Kol S &
olo] uet FEAF WSt BARE ZANAE 2
st el 84 4 7Sl 1A ALY A
2o] 93l Astd % ek

v

_HJ%
30 oN 12 4 ox

o
L

webd] 4o 1S BE AN A48T 4 s
Aubd AAloleb |, e 47t Avte 3%
/1% 8R4 B 30T 4Rl k0w

B30k sH eQuzton woE,

2.3.3 KAS-AAP S8 29 &1

KAS®} AAPE §% 295k ¢, AAl Bt &8
Azl T G AREERl ZAod et o=
T 2AAM] gu] 10 AHsfor st F8H 57t
A9l HU3] wFolh KASE 218WS 12019 &

AP AS 2Cj1HY  —AMP AS At 1

//\/—I_W—\/V

80% /
60%

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Azt

Fig. 6. Heavy snowfall, equipment utilization by
truck configuration under (AS pad assignment)

AP.CD 2CH1HY  —AaP CD A1 HY
100%
o //*vwvg\/\/
60% /

40% /

0% /
%
6 7 8 9 10 11 1213 14 15 16 17 18 19 20 21 2 23
Azt

ZH|I7ISE

Fig. 8. Heavy snowfall, equipment utilization by
truck configuration under (CD pad assignment)



TR Ay s W 9 AR 2PRael te 3 Av 5ey 24 127

s ERdthTable 6 ). ol ZA74Er} Hobdss

» AQllzto] 27kt t7|do] Zojx7] wEe], £

¢ A 74 o] AZkpE e T Ao A
T S A N 2 91ee oujgic)

B T | g E3 KASS] A% 1041l A-u 9% H%s)

5

0 Yool
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Azt

Fig. 9. Hourly de-icing/anti-icing request
distribution by ground handler

v 2 A2]slo] ] 19 18,168 HHshH, AAPE
1469 8ti9] AJH|= A2lsto] H] 1t 18.258S
=Rt meb ©es] £ 2Ae dHE SRttt
1 siA HA Hsee] A Skl ofHTh
o, B3 29 ARIHE 8 B3 gt
© o U7t Aok ARIHE A 8 BES B
 KAS®H AAP9 Z‘E*PH‘JM LA3] FUsHA Fo
E4 ARHels @ 24 =87t FAEEe Ht
H e 2AA X*H]OHL FHA o7t B8 5
ZAAPE AoF FFA] LFAA
J ] 9] 29 di7]AREo] B4
g4 qleH, %‘%‘ %03% ) &8 A B+t
=3 29AE SEshe dl 719

==

Ehhs HHE, AAPE ST Aol AHiAes off
7} A= Aoz FAHI. ool wk KASO| 10 - 11
At S F371E e 4T B 292 A8
S A, AT A 204 oF 2629 *VP 95 8
Tk e 4 glom, okt 74 2N o 8
o] w4z T} 7|

wheba] KAS-AAP 53 9 AA1% Bahuchs
71—/&5& xﬂ H]—H] ;q /1\49,]. ._24 A]7]-1:H zm—
AFT 2 2ANA AHEOR Hgate o] FA
Holt}. ol YHNE EIA 7 A A 71E, @
BAF Ak, B)g AL hEAe, MgA A4, B
ZAAA St AR <ozt dasith

‘éo

234 24 21t 3¢

-

AAP7]- AS zone9] 471 Hi=5 AR89 F9 7RE
W= 2 B=xog | grjo] od&a E9lo] A3kEQ]
O}, CD zone® 671l HEE AT A9 718 =
—’F7} S7¥sto] u|7t Hop A&HoR Afd 4= 9l

ofof whe} A|- 1 AQAte] ZA AR
?Ol 3% e 2olAE HE & o] wE &3t
7F o 2A YR ol Al AesEo] v

3] 241G ] St AGE o] opel, 9
G AL AR Q4 AUS ST 4 e 748 )

:‘ L L
FFS ==

E ot fi= w2 ofs A

Table 6. Analysis results of estimated time from de-icing/anti—icing request to pad exit by scenario

okt 74 AL A
2 29 27 = w7 ) W
* = gl g (KAS/AAP) (KAS/AAP)
KAS-AAP H] 2 & 12714) 20) 134 458/63% 1518/2665
421 1 e NS KAS 871,
AAP AS Zone 415 AAP 4714 4 194 40%8/445 1655/140%
KAS-AAP Ea] 99 & 1571 29 194 438/43% 1328/1228
Al 2 e | Kas 97
AAP CD Zone A8 AAP G7H4 4 14 40%/415 1575/1375
KAS-AAP E3F 29 ) 2t 184 428 1165
Al 3 . 5 157
AAP CD Zone A} 40 154 385 1435




128 285, HAE, WEF, o|FF

Vol. 34, No. 3, Sep. 2026

& Holeoh
=

EA, 4r) 1WEe 2ARE AnEel 2ol
. E 47} RS Aol $B1Y A A
FARE SEDt] B |9 B 5 ek 1

it FES W=k S8 Ao 2t 194
u] ABBE FH3) ¥4 S48 4 9o, o] 4
4y TR A 1T AQlag Ak 28] 259
£AZRE F7AZ 4 Slck. webA] 4o 1S
= 70 A /g—p:}oﬂ/\-] obJ—x%__g X4-9-‘6]-7]§_E]- 7]—/K—1
S S o1l Pol, ] A8 HeE T
Hejzos M8t Zo] Hiekalsi.
A, S BT L8 A B AN
A Follurks ARIRE 48 BFES Bt
Walow 983 4 9ok KASS AAPY] ] 10
7‘4?4 B3R 7} 79 BUsp) el ST A1
J,]-‘— xﬂo]-xqo];(] 7(4 A]7]—tﬂoﬂ SF Z%}A}
o Tﬁm 95E 49 O 299 Jug ney
o o RA BEARIY WES GBK 4 ek

ﬁmrmw

oE,

n. 8 &

2 e JASASEe $87] 71 Al
2YolM e S Ade g3sP] A Al
W= vy, el B4 84, KAS-AAP 539 299
TS BASI. BY dhd2 20259 1€ 214

15t 5 364H0lH, KAS
Al 71k E448

07:00%-€ 21:5971A] &4
218%, AAP 146HE tiito =
951 thFig. 10 9 Fig. 11).

4 A7, 3, A AYsge A
Zone®] 74 AXHLt 3T zoneolA HAZ E-&
7St = o o 34 e W= AoE YRt

FHI7IEE
/

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Azt

Fig. 10. Light snowfall, equipment utilization
comparison between integrated and separate
operations in the AAP CD zone

o} AAP7} AS zonefl 47 =& AR AF9ET}
CD Zone9 67 =& AT ¢ Al 837
B A o|27IR Y ol AQAe] IA A
stRom, 7Aet A A= 4417 2680014 24
7 2808 SEEQIh o= TYdL A =& HRSH
Hete 7HE i 7 B A9 AH] dE B
o] AgtElo] Al AZjsHol Ak 5= U= 9
Blcip=y

=4, 44 ’?i*é% e B ASgolA 2R =E B
ARl Ao Yeisth 7HE diE 57 ARk
M= F371F A3 ZFIAREE D56t A

A 284 Y o Ao, SRR W=t gE
=] A= &8 ISt AH] HA 471 TASHY
23% A 8 l to 1 Z71E 4 lodek. Wb g

1:]] u;]xgtﬂ-/k_‘%
4 7|48 dol&
23 9 g7} Qlrh

A, KAS-AAP B3t 292 A Bt AQAIS
A Fo|7|HtH= Alﬂﬂ%% AFr8E BYdote
Aog aikg 7 4= Qlnh & 2AAR] A 193
A FFH 7t vﬂko}oq WAl 7R ae Algt
Hol o, 4 Alztol g 2AAR] A E5F
o] AFHE A AHHoE Afrt e RAAY
g e HES A3 = it

£ A7) Aik= A-w A F5kE Ao 294
H 14 = uiyEos 7R s 5 2GARE A
&, AR A B9 vt ©EE g uiA
o] Wa3ghe HojErth E3t 4t 1AL AA] ZHeH
Aol ofe} Hi= B 9 t7|F F7t AAZolA] A
Ao #gx|ofof otn, XA 7T B 2F2 v
A B AFA 35S sHoR dAE 298

g = %, o] 15E
@_-]_g TEslo] HHRHoE A

ﬂlO

0

AT T T R T T

FH|I7IEE

o 7 Lo
6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25
Az

Fig. 11. Heavy snowfall, equipment utilization
comparison between integrated and separate
operations in the AAP CD zone
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