Expansion of Hong Kong International Airport into a Three-Runway System
Aircratft - Emission Indicies and Fuel Consumption Rates

Engine Emission List from IATA
[Frizuis Rated | Unadjuste | Unadi HCReRR[HHC Bav) NOX RaW | 6y Raw | Raw Raw Raw Raw | Scaled | Scaled 5""“ Scaled PM
Outof | (J-Jet; " - 4 4 Emission | Emission * Baw | Emission : Smoke Engine Ent
SogvoType | Soinerame | combuster Modet 0tamy| Sarge | - | A0 | Mbed | yass | ngie | devel | 4l S E ndex - | ndex - " | | e | St | Sncke | ke | mber | Sk | Bk | S == Emion |\ Conien | Romarks
@ T:g;’:;:f‘: (kN) | Takeoff | Climbout (Takeoff) (cnmbuun (“""’"’" “"[‘f]"m i (“"')“"’" (idle) | (Takeoff) |(Climbout) (“"')“"’" (idle) | (Takeoff) |(Climbout) (“""’"’" (1dle) (idle) [2] =
BR700-710A1-10 ALSE J 200 780] _ 27.820) 020 11,920 290 560 290, 560 13.990] 11.920
ALSE J 810) 8.000) 020) 11.870] 270 570) 270 570/ 13.960] 11.870}
SAC ALSE J 020] 1.730] 050] 910) 100 500] 100] 500  12.740] 910]
ALSE J 880) 7.590) 060) 200) 100 100 100] 100/  18.300; 200}
ALSE J 880) 7.590) 060) 200) 100 100 100] 100/  18.300; 200}
Low emissions fuel nozzlg FALSE J 710) 4.040) 140] 11.720] 620 400 620] 400/  10.950]  11.720}
1862M ALSE J 920 6.960) 050] 200) 000] 000] 400] 660 400] 200}
1862M: ALSE J 130]_19.230 050 500, 000, 000, 210 500,
1862M: ALSE J 830 17.450 050 200, 000, 000, 660, 200,
CF6-80C2B6F __[1862M1 ALSE J 930] _18.420) 050 300) 000, 000, 210 300,
-80C2B7F __[1862M ALSE J 930] 18420 050 300 000, 000, 210 300,
-80C2D1F 1862M ALSE J 900| 8.020) 040 500] 000] 000] 000 300} 000 500}
-80E1A2 1862M ALSE J 610) 2.670) 050] 200) 000] 000] 900} 910] 900} 2
-80E1A3 Standar ALSE J 230 37.020) 070 000, 000[__10.100] 100 8.600]
-80E1Ad Standar ALSE J 330 38.090) 060) 000, 000[__10.090! 090 8.060]
-80E1A4B___[Standart ALSE J [ 330 38.090) 060) 000, 000[ 10090 090 8.060]
ILEAP 1B ALSE J SE | F 180 6.100) 020] 230 230 230 380) 7.370)
56-3-B1 ALSE J 800) 4.400) 040 500] 200) 500) 000] 500]
56-3C-1 ALSE J 100 6.800) 030] 500] 300] 500] 700] 900|
56-5B2/3 Tech Insertion ALSE J 330) 6.720) 040 100 100 100 500  13.100]
CFM56-5B3/2P [DAC-II ALSE J 900| 500) 100 500] 300] 500] 500} 300}
56-5B4/3 Tech Insertion ALSE J 240 070] 020] 100 100 100 400] 900}
56-5B4/P ALSE J 300] 400 200) 200) 500] 200) 400 100
56-5B5/P ALSE J 400 000] 200| 300] 600| 300] 400 600|
56-5B6/3 Tech Insertion ALSE J 350) 390) 020] 100 100 100 300} 400]
56-5B6/P ALSE J 900| 700] 200) 300] 600| 300] 400 200)
56-5B7/P ALSE J 300] 400 200| 200) 500] 200) 400 100
56-5B8/P SAC ALSE J 900| 900| 100 300] 600| 300] 400] 500}
56-5C3 ALSE J 570) 600| 008| 000] 100 000] 800) 100
56-5C4 ALSE J 400 930) 008| 000] 100 000] 600| 800)
56504/ [SAC [ FALSE [ J | TRU 600, 600, 000, 000, 100) 000 000 600
56-7822 ALSE J 500] 800| 100 000] 000] 12,000 1 000]  10.500]
56-7824 ALSE J 200| 000] 100 000] 000] 12,600 1 600]  11.400]
56-7B24/3 Tech Insertion ALSE J 680) 710) 020] 100 100 100 100] 700}
56-7B26 ALSE J 600| 800| 100 000] 000] 14700 1 700/ 11.900]
56-7B26E ALSE J 100 900| 000] 100 100 100 100 800|
56-7B26/3 Tech Insertion ALSE J 070] 940 020] 100 100 100 100] 800}
56-7B26E/B1_[B1 Tech Insertion ALSE J 100 900| 000] 100 100 100 100] 800}
CF 56-7B27E/B1_[B1 Tech Insertion ALSE J 800) 400 000] 100 100 100 400  11.200]
ILeap-1A ILEAP 1A ALSE J SE | F 180 100 020] 150 320 550)
A ALSE J 290) 590) 030) 420, 580, 250,
A ALSE J 980) 110, 040) 450, 100 500,
A ALSE J 980) 110, 040) 450, 100 500,
[GE90-90B | ACT ALSE J 880) 890) 040) 000, 420 820,
ACII ALSE J 740 230 040 950 040 010]
ALSE J SE 490 680) 020 530] 710} 240]
ALSE J FALSE 490 680) 020 070} 370]
ALSE J FALSE 990 620 020) 540
TAPS ALSE J TRUE 490 680) 020) 540
ALSE J TRUE 530) 950 020) 540
J FALSE 960) 340 000] .260]
FALSE J TRUE 270 3.580) 030] 200}
Smoke fix FALSE J TRUE 600| 5.200) 250 100]
Kit (E_Kif) | FALSE J TRUE 540 5.310) 000] 800
J ALSE 960 7.340) 000] 260
ALON X ALSE J ALSE 910) 100 100 150]
ALON X ALSE J ALSE 690) 190] 000] 320]
ALON X ALSE J ALSE 630) 780 020) 150]
ALON X ALSE J ALSE 140] 590) 050] 930]
ALON X ALSE J ALSE 870) 500) 040 230]
inular ALSE J 110] 350) 000] 600
ALSE J 370) 600| 000] 400]
ALSE J 230 300] 090] 400]
ALSE J 000] 860) 060) 800}
Reduced emissions ALSE J 780 320 100 500}
ALSE J 680) 960) 080) 700}
ALSE J 680) 960) 080) 700}
ALSE J 400 200| 100 600
ALSE J 860) 24.800) 020 660
ALSE J 400 18.730) 100 800}
ALSE J 550) 11.940; 020 700}
ALSE J 090] 12.760 130 800}
Floatwal ALSE J 840 17.730] 000] 600}
Floatwal ALSE J 400 15.900] 000] 600}
Floatwal ALSE J 400| 15.900] 000] 600
Talon I ALSE J 170 14.040; 000] 200}
ALSE J 780 20.320 100 300}
RB211-524C2 RB211-524C2 Package 1 ALSE J 900| 81.000] 000] 200)
RB211-524G RB211-524G ALSE J 010] 13.740] 390 820
RB211-524GH-T_|RB211-524H-T ALSE J 050] 26.170 000] 830)
RB211-524H___[RB211-524H ALSE J 990 _11.750. 340, 820
RB2’ RB211-535E4 ALSE J 720 20.330] 030] 600|
PE331-14GR _ |TPE331-14 ALSE T SE [ T 800) 24500 070] 11.848 1
Trent 1000-A Trent 1000-A [Phase5 Tiled ALSE J 770) 730) 000] 900|
Trent 556-61 Trent 556-61 [Phase5 Tiled ALSE J 540 960) 020 050]
Trent 556A2-61 ALSE J 540 9.960 020 050]
rent 772-60 Trent 772 TRUE J 890| 940 000] 700]
rent 7728-60 TRUE J 890| 7.940) 000] 700]
rent 772C-60 TRUE J 890 7.940) 000] 700)
rent875-17 _ [Trent875 ALSE J ALSE | ¢ 050 860) 660) 000) 200
rent 88: Trent 884 ALSE J ALSE 870/ 390. 100 650) 190] 000] 530)
Trent 884-17 ALSE J ALSE | 5.870] 390.100] 650) 190] 000] 530]
Trent892B-17 _[Trent892 ALSE J ALSE 700] _411.480] 570) 070) 010) 760)
Trent 895 rent 895 ALSE J A 540 14.710; 020 600|
rent 970-84 rent 970-84 [Phase5 Tiled ALSE J A 400 15.100} 000] 600|
Trent 972-84 rent 972-84 [Phase5 Tiled ALSE J A 400 15.940] 000] 9.600) 1.800 600
Trent XWB-74 rent XWB-75 ALSE J SE 680) 660) 000] 9.110) 9.710) 100
Trent XWB-83 _[Trent XWB-79 ALSE J ALSE 680 7.660| 000) 000) 17500 10.420] 070)
TrentXWB-93 _[Trent XWB-84 ALSE J ALSE 680 7.660| 000) 5.130] _ 11.340] 070)
TrentXWB-97 _[Trent XWB-97 ALSE J ALSE | FALSE | 9.300] 431.000] 680 7.660| 000) 3800 13.700, 100,
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Expansion of Hong Kong International Airport into a Three-Runway System
Aircratft - Emission Indicies and Fuel Consumption Rates

Engine Emission List from IATA
[Frizuis Rated
Engine Type | Engine name  |Combuster Model (if any) somin | 7| 1020 | wixe | eypase | Engine
A | Engine | Turbofan | Ratio | Output
@ | Turboprop; &5
P-Pision)
V2524-A¢ V2524-A¢ ALSE J
V2527 -A¢ V2527 -A¢ ALSE J
V2530-A¢ V2530-A¢ ALSE J
V2533-A¢ V2533-A¢ ALSE J
RR Advance2 RR Advance 2 J SE
RR Advance3 RR Advance 3 J FALSE
Note:
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1.142]
97

o | index -
= e

HC Raw
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Index -

According to the SAGE (System for assessing Aviation's Global Emissions) Technical Manual by the FAA Office of Environment and Energy, there are issues associated with the use of BFFM2 and the ICAO Emissions Databank.
Atlssue 6 in Table 7, itis stated that"In the ICAO databank, some El values are zeros which cannot be modeled on log plots", and the employed soluton documentated within ICAO CAEP WG3 is "The zero values were replaced by reasonably low values of 10°."

Engines vith the associated problems are corrected with the suggested soluton.

PM Emission Indecies are extracted from EDMS with 0.06% sulphur content and will be further adjusted to 0.068% for calculation; EDMS used FOA3.0 to calculate PM emission indicies from smoke numbers

According to EDMS, the conversion factor from RSP to FSPis 1.0.

S0, emission index is constant at diflerent TIM butis linearly related to sulphur content. For Jet A-1 fuel with 0.068% sulphur content, the SO, emission index from EDMS is 1.32736 g/kg and this figure is the same for all engines.

For engines remarked [5), the smoke number of takeoff mode is calculated by the following formula;
Regulatory Smoke Number = 83.6 (Foo) “#"* or a value of 50, whichever is lower
Reference: INTERNATIONAL STANDARDS AND RECOMMENDED PRACTICES
ENVRONMENTAL PROTECTION
ANNEX 16 TO THE CONVENTION ON INTERNATIONAL CIVIL AVIATION
VOLUME I| ARCRAFT ENGINE EMISSIONS
SECOND EDITION — JULY 1993
Partlll, Chapter 2, Page 7

For engine with remark [5], the missing smoke number SN was calculated using the scale factor suggested by ICAO, the scaled smoke numbers were inputinto EDMS and PM Els were extracted

SF = SNnoge/ SNvax
SF as follows:

Engine Category Approach Idle | Take-off |Climb-out

Most non-DAC

Aciadgatel
GE CF34

Textron Lycoming

|CE and CFM DAC

Reference: Eq. D-1, page 3-A1-43, Atiachment D to Appendix 1, Airport Air Quality Manual, Doc 9889
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Expansion of Hong Kong International Airport into a Three-Runway System
Aircraft - Emission Indicies and Fuel Consumption Rates

Aircraft Types and Subtypes - IATA Designation

Size Code

Size Group

Runway Group

FP

FC

EP

EC

DP

DC

CP

CC

BP

Ol N[O |IN]|—

AP

—_
o

QOO |IN|o|ja|md|w|—=|—

Sub-type| Type [ICAO Code Designation Engine Number | Passenger/ Cargo | Size Code | Size Group | Runway Group

New aircraft 32N 32N C All Airbus A320/319/321 Neo 2 P CP 7 7
3N9 32N C Airbus A319Neo 2 P CP 7 7
3NO 32N C Airbus A320Neo 2 P CP 7 7
3N1 32N C Airbus A321Neo 2 P CP 7 7
350 350 E All Airbus A50 2 P EP 3 3
358 350 E Airbus A350-800 2 P EP 3 3
359 350 E Airbus A350-900 2 P EP 3 3
351 350 E Airbus A350-1000 2 P EP 3 3
35F 35F E Airbus A350 Freighter 2 C EC 4 6
38N 38N F New Airbus A380 Passenger 4 P FP 1 1
787 787 E All Boeing 787 2 P EP 3 3
789 787 E Boeing 787-9 2 P EP 3 3
788 787 E Boeing 787-8 2 P EP 3 3
77X 77X E All Boeing 777X 2 P EP 3 3
7X8 77X E Boeing 777-8X 2 P EP 3 3
7X9 77X E Boeing 777-9X 2 P EP 3 3
XF XF E Boeing 777X Freighter 2 C EC 4 6
73M 73M E All Boeing 737MAX 2 P EP 3 3
™7 73M C Boeing 737MAX7 2 P CP 7 7
M8 73M C Boeing 737MAX8 2 P CP 7 7
7M9 73M C Boeing 737MAX9 2 P CP 7 7
74N 74N F Boeing 747-8F 4 C FC 2 1
74H 74H F Boeing 747-8! 4 P FP 1 1
CS1 CSE C Bombardier C Series 100 2 P CP 7 7
CS3 CSE C Bombardier C Series 300 2 P CP 7 7
CRN CRN C Canadair Regional Jet Next Generation 2 P CP 7 7
CCN ccJ B Challenger Next Generation 2 P BP 9 9
GRJ GRJ B Gulfstream Regional Jet 2 P BP 9 9
GRN GRJ B Gulfstream Regional Jet Next generation 2 P BP 9 9
Curent aircraft | ABF ABF D All Airbus A300 Freighter 2 C DC 6 6
AB4 AB3 D Airbus Industrie A300B2/B4/C4 pax 2 P DP 5 5
AB6 AB3 D Airbus Industrie A300-600 pax 2 P DP 5 5
ABB ABF D Airbus Industrie A300-600ST Beluga Freighter 2 C DC 6 6
ABX ABF D Airbus Industrie A300C4/F4 Freighter 2 C DC 6 6
ABY ABF D Airbus Industrie A300-600 Freighter 2 C DC 6 6
313 310 D Airbus A310-300 pax 2 P DP 5 5
318 328 C Airbus A318 2 P CP 7 7
319 328 C Airbus A319 2 P CP 7 7
320 328 C Airbus A320-100/200 2 P CP 7 7
321 328 C Airbus A321-100/200 2 P CP 7 7
330 330 E All Airbus A330 2 P EP 3 3
332 330 E Airbus A330-200 2 P EP 3 3
333 330 E Airbus A330-300 2 P EP 3 3
33F 33F E Airbus A330 Freighter 2 C EC 4 6
342 340 E Airbus A340-200 4 P EP 3 3
343 340 E Airbus A340-300 4 P EP 3 3
346 340 E Airbus A340-600 4 P EP 3 3
388 380 F Airbus A380-800 4 P FP 1 1
72F 72F C Boeing 727 Freighter 3 C CcC 8 6
733 737 C Boeing 737-300 pax 2 P CP 7 7
734 737 C Boeing 737-400 pax 2 P CP 7 7
737 737 C Boeing 737 2 P CP 7 7
738 737 C Boeing 737-800 pax 2 P CP 7 7
739 737 C Boeing 737-900 pax 2 P CP 7 7
73G 737 C Boeing 737-700 2 P CP 7 7
73H 737 C Boeing 737-800 (winglets) pax 2 P CP 7 7
BBJ 737 C Boeing Business Jet 2 P CP 7 7
73F 73F C Boeing 737 Freighter 2 C CcC 8 6
744 747 E Boeing 747-400 pax 4 P EP 3 3
74C 747 E Boeing 747-200 Combi 4 P EP 3 3
T4E 747 E Boeing 747-400 Combi 4 P EP 3 3
74L 747 E Boeing 747SP 4 C EC 4 6
74X TAF E Boeing 747-200 Freighter 4 C EC 4 6
74Y TAF E Boeing 747-400 Freighter 4 C EC 4 6
752 757 D Boeing 757-200 pax 2 P DP 5 5
763 767 D Boeing 767-300 pax 2 P DP 5 5
76Y 76F D Boeing 767-300 Freighter 2 C DC 6 6
772 777 E Boeing 777-200 pax 2 P EP 3 3
773 777 E Boeing 777-300 pax 2 P EP 3 3
77F 77F E Boeing 777 Freighter 2 C EC 4 6
77L 777 E Boeing 777-200LR 2 P EP 3 3
TTW 777 E Boeing 777-300ER 2 P EP 3 3
M82 M82 C McDonnell Douglas MD82 2 P CP 7 7
M1F M1F D MD-11 Freighter 3 C DC 6 6
CCJ CCJ B Canadair Challenger 2 P BP 9 9
CR2 CRJ B Canadair CRJ200 2 P BP 9 9
E90 ERJ C Embraer 190 2 P CP 7 7
DF3 DF3 B Dassault Falcon 50/900 2 P BP 9 9
GRJ GRJ B Gulfstream Regional Jet 2 P BP 9 9
Ji JST B Jetstream J41 2 P BP 9 9
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