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E= (C yo X EF) X 1073

(6)

A%, EXRM KB CO. HC. NOx. PM,s 1 PMio HEK
B, BAhvh; Corol RAM KR CERBEIRKREK, BAHK;

EF A #k A%, %4k F%/ALTO.

¥ A3B0—PLTOFSFAHERR
B SR E—HE? 7

RAT KA KRB 12,

F*12 T LTO FEWEM ENHEX R (kgLTO)

PMn

PM2s

HC

NOx

Cco

[RATZEH €L LTO 0.54

0.53

2.68

16.29

9.14
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F BEEVIASEIHBUEE 5 WL KHLEERIE R (APU)
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ZEBKTFMZ TR FEFAAST THIA ERFE1% % (Ground Support
Equipment, GSE) SHHMEHE T RMHITE X!

(1) BT XA/ EH O 9PBEGSERY 7 7% (Aircraft/Gate GSE Assignment
Option ) :

F ZFEET—EIE—NENO, HERS—R WA EMNtERER &S
BiHE, REAERFNEHNET. SIERMGERBAKL TIERE)3K
BARFS—E WM B EAREE FHNHENE, AEREMIIZDRSEINIS
AT BRERFNHIRE 2

Mpa= D, EpgPrLgtag
where

m, , = the mass (in grams) of pollutant, p, emitted from all GSE assigned to aircraft  HIfE
A, = the set of GSE assigned to aircraft,a  7TEC4R CHLBIGRIEHHILE ‘
E, , = the emission factor for pollutant, p (in grams per horsepower-hour) for GSE, g HER AT
P, = the rated power (in brake horsepower) of GSE, g sz
L, =theload factor (unitless) of GSE, g =~ fAHHRH
t,, = for aircraft a, the number of hours GSE operates during one operation AR5 — R CALARY
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(2) ETFGSEH =42 /7 %(GSE Population-Based Option ):

My = Epe P Ly N,t,

where

m, . = the mass (in grams) of pollutant, p, emitted annually from GSE,g ~ Hiit&E ‘

E, = the emission factor for pollutant, p (in grams per horsepower-hour), for GSE, g HER A+
P, = the rated power (in brake horsepower) of GSE, g #iEINZR
L, =the load factor (unitless) of GSE, g AERE

N, = the population of GSE, g (number of units included in the study) ~ MM ERIF R EHE

t, = the time (in hours) that each unit of the population of GSE, g, operates annually
F—atEERERETIE NS BEUEITh/y)
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MinthEmRFEIZFHEEFE (g/kW - h)
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CO. NOx. PM, v PM,oLARZSO,i5 34 HE 3
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> At ERFEIR FHRTIRE 77 3

Providing ground power and air conditioning to an aircraft; } ¢#HIZEEI AT BINIEE
Moving an aircraft (e.g., out of a gate, to/from maintenance); YHlESK%F

Servicing an aircraft between flights (e.g., replenishing supplies, deicing, etc. ) WIEEIHIAR 3518 &
Loading/unloading passengers; &I (b BRIkF)
Loading and unloading baggage and cargo; and D5

Servicing the airport’s ramps, runways, and other areas (e.g., snow removal and lawn main-
tenance equipment). HUIAAZRG . RS R H At (X 15 AR 55
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Mo ORBE I 2R HE I ML A
GSE Type No. of GSE Percentage of Fleet

Air Conditioners/Heaters 312 3.1%

Air Start Units 160 1.6%

Aircraft Tractors/Tugs 705 7.0%

Belt Loaders 1,102 11.0%

Baggage Tugs 2,575 25.7%

Buses 69 0.7%

Cars/Pickups/Vans/SUV's 1,132 11.3% -
bt seviCaeing Tk 2 | SEARER

abin Service/Catering Trucks ; =

Deicing Trucks . 399 4.0% e 4 118
Forklifts 314 3.1%

Fuel Trucks 151 1.5%

Ground Power Units/Generators/GPU-ACs 487 4.9%

Hydrant Carts/Hydrant Trucks 62 0.6%

Lavatory Carts/Lavatory Trucks 177 1.8%
| Light Carts 111 1.1%

Lifts 344 3.4%

Maintenance Trucks 56 0.6%

Other 843 8.4%

Passenger Stairs 95 0.9%

Total 10,025 100.0%
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wEARREEEXE DB KW Bh KHE RELAHMS KRS KPR KA
Fuel Type Percentage by GSE Type
GSE Type Total | Diesel’ | Electric | Gasoline | LPG NG Solar | Unk”
Baggage Tugs/Cargo Tugs 2575 | 154% | 16.7% 52.7% 2.8% 0.0% | 0.0% | 12.3%
Cars/Pickups/SUVs/Vans 1,132 4.9% 0.5% 83.9% 0.1% 0.1% | 0.0% | 10.5%
Belt Loaders 1,102 | 25.0% | 14.7% 44.6% 0.5% 04% | 0.0% | 14.8%
Other 843 | 52.2% 4.0% 28.4% 1.5% 02% | 0.0% | 13.6%
Aircraft Tractors/Tugs 705 | 67.7% | 11.1% 8.2% 0.0% 0.0% | 0.0% | 13.0%
Generators/GPUs/GPU-ACs 487 | 61.0% 9.9% 7.2% 0.0% 02% | 0.0% | 21.8%
Deicing Trucks 399 | 64.7% 0.8% 26.6% 0.0% 0.0% | 0.0% 8.0%
Lifts 344 | 21.8% | 26.2% 26.7% 5.5% 0.0% | 0.0% | 19.8%
Carts 330 12% | 77.6% 5.5% 0.9% 00% | 0.0% | 14.8%
Cabin Service/Catering Trucks 320 | 52.2% 0.3% 15.3% 0.0% 0.0% | 0.0% | 32.2%
Forklifts 314 | 12.7% 8.6% 13.7% | 44.9% 0.0% | 0.0% | 20.1%
Air Conditioners/Heaters 312 | 76.3% 2.6% 11.5% 0.0% 0.0% | 0.0% 9.6%
Cargo Loaders 281 | 78.6% 0.4% 7.5% 0.4% 0.0% | 0.0% | 13.2%
Lavatory Trucks/Lavatory Carts 177 | 17.5% 7.9% 59.9% 0.0% 06% | 0.0% | 14.1%
Air Start Units 160 | 71.9% 0.6% 2.5% 0.0% 0.0% | 0.0% | 25.0%
Fuel Trucks 151 | 64.9% 2.0% 8.6% 0.0% 0.0% | 0.0% | 24.5%
Light Carts/Light Stands 111 | 64.9% 1.8% 7.2% 0.0% 00% | 90% | 17.1%
Passenger Stairs 95 | 31.6% 1.1% 42.1% 1.1% 00% | 0.0% | 24.2%
Buses 69 | 21.7% 0.0% 7.2% 0.0% | 55.1% | 0.0% | 15.9%
Hydrant Carts/Hydrant Trucks 62| 613% 0.0% 22.6% 0.0% 0.0% | 0.0% | 16.1%
Maintenance Trucks 56 | 28.6% 0.0% 44.6% 0.0% 0.0% | 0.0% | 26.8%
Surveyed GSE Average 10,025 | 33.5% | 11.6% 37.0% 26% | 05% | 0.1% | 14.7%
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»- ET-GSEE & 53 27574 (GSE Population-Based Option ):

My = EpePLeN,t,

where

= the mass (in grams) of pollutant, p, emitted annually from GSE,g = HH=E
= the emission factor for pollutant, p (in grams per horsepower-hour), for GSE, g HESEF
= the rated power (in brake horsepower) of GSE, g &iEIThE
= the load factor (unitless) of GSE, g Ak _‘-{‘%f
Ng = the population of GSE, g (number of units included in the study) ~ HUAhERE R EFHE
t, = the time (in hours) that each unit of the population of GSE, g, operates annually

— et ERER & TN GBELETh/y)
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SHANGHAI J1IAO TONG UNIVERSITY

(=) XWEEBIEIHEE (APU) S4HEE

APU = Auxiliary Power Unit

APU air intake door

Hamilton Sundstrand Hamilton Sundstrand APS Honeywell 36-150CX APU for
APS 3200 APU for A320 family | 500R APU for ERJ 135/140/145 | D0328




(Z) kH4EBhENRE (APU) SRMHHE

YHHBIENNERE (APU) BFEE B & B/ N BUAS ImEE & 01,
FEZH/LUTEH

> S XA E AR R A KRSt RE (115V,  400Hz)

- RN AEERNEHREEME R RS (B #S

» BEIKHLELSIHLBIEHE, APUIRRIE LI K 2RI sREIEN A
> ETERES, EAMTHEOMGERERS

S5XNELZUAR, ZEEITHAIXTAPUFITHEROAE, HlEmEIS
SEAPUHEREEMATHE, Bk, AFTHARNETAPUSEIHE
HMEZERZER D, Emissions mass = time-in-mode x fuel flow x
El, for each mode and each emissions species




(Z) kH4EBhENRE (APU) SRMHHE

> KBS NRE (APU) SERHIRERE T
Emissions mass = Time,,4. X Fuel Flow, 4. X Emission IndeX,;,4e:
» APUR A B TAEIRZSHY A BT imeyoq,

» APURY TAERI 0 A= MIRES:
- Start up (No load) BE) ()

- Normal running (maximum environmental control system (ECS)

EEEIT (RARMEIEHIZRS (ECS)
Y High load (main engine start) &7z (EHEEN)




(Z) kH4EBhENRE (APU) SRMHHE

- APUEAGB TIERSHIABTT ime, .

Y BIRKAAPUS RIEITRS B ER LRI R, AL E E # 8Bk
i HEZEZITER CIENAR CIEER. NEBEFHEX

Large Jet 62 [513] Large Jet [N 15 [ 15
Medium Jet [ 65 Medium Jet M@ 15| 15
Small Jet 65 [513] Smalldet [ 99 ] 15 | 15
Regional Jet | 65 5 [3 RegionalJet [ 48 ] 16 | 15
Business 70 ] Business 15[ 9 | 15
Turboprop | 70 ] Turboprop B[ 15 | 30 [ 5 1
GA | 70 ] GA | 68 1
0 min 10 min 20 min 30 min 40 min 50 min 60 min 70 min 80 O'min_10 min 20 min 30 min 40 min 50 min 60 min 70 min 80 min

OAPU OGPU o- OGPU OAPU OAPU

BAPU OFES @ARU uAFU‘

N (SNSRI FEEREN, FREE 0 EHADESEENE, TEBIAPUREEHEEIEE
HEIG B RAPUEHT, APURYIEEEAT(E] HEZHT, APURIIEH:ATE




(Z) kH#EEIEIHRE (APU) §
» APUE AN B TAEARZSHI AT T imeyoy,

> APURY TAER] 53 A= PDIRAS

SIHE E

Start up(No load) BEh (=)

Normal running (maximum environmental control system (ECS)

EREE1T (RRXEEHEIR% (ECS) |,

start) 5% (EVEEN)

High load (main engine

Activity Mode Two-engine aircraft Four-engine aircraft
APU start-up and stabilization Start-up 3 minutes 3 minutes
Aircraft preparation, crew and Normal Total pre-departure running Total pre-departure running
passenger boarding running time — 3.6 minutes time — 5.3 minutes
Main engine start High load 35 seconds 140 seconds
Passenger disembarkation and Normal 15 minutes (default) or as 15 minutes (default) or as

aircraft shutdown

running

measured

measured




(Z) k¥@EEheh i E (APU) |
- PAJHIRZR Fuel Flow,,,,

- BRI ZR IR A B B PUAD AU APUZE B K5 APURY T /B4R AE &

SIHE E

APU fuel group

Business jets/regional jets (seats < 100)
Smaller (100 < seats < 200), newer types
Smaller (100 < seats < 200), older types
Mid-range (200 < seats < 300), all types
Larger (300 < seats), older types

Larger (300 < seats), newer types

Start-up
No load
(kg/h)

50
75
80
105
205
170

Normal running
Maximum ECS
(kg/)

90
100
110
180
300
235

High load
Main engine start

(kg/h)
105
125
140
200
345
315




(Z) kH4EBhENRE (APU) SRMHHE

- APUHEREIF Emission Indexy.,.

- APUHERE F IR ¥ #1L I EC AOAPURY S F8 5%

" Nircraft APY Aurcratt APU Arcratt APU
(ANO-E00  GTCPIIN-Z00ER (143 WP} | BTT7-300 o S ovc-y GTCP 36 (804
A300-E00C GTCP GE0 (300 HP) BAC-114-100 GTCPA5.129 {200 HP) | DHC-8 GTCP 36 (20H97)
AIG-EO0F  GTCP 860 (300 HP) BAC-111-200 GTCP 35 (BOHP) DHC-B-100 GTCP 36 (80HP)
AIOECOR  GTCP 66O (300 HP) BAG-111-300 GTCP 35 (80HP) DHC.E200  GTCP 36 (0HF)
A0 TSCPT0048 (142H9) | BAC-111-400 GTCP 36 (80HP) DHCBM0  GTCP 36 (80HP)
AS00-B210C  TSCPT00-48 (142 HP) BAC-111-400F GTCP 35 (BOHP) DHC-8-400 GTCP 36 (80HP)
ANGAI200  TSCPIOOB (142HP) | Ban ATP GTCPAS(200HF) | DIAMOND 300 GTCP 26 (80H9)
A300-84 TSCPTOOAB (142HP) | BAET4E GTCP 36 {80HP} 00328 GTCP 36-1500
A3po.-84.100 TSCPTNO48 (142 HP) BAE146-100 GTCP 3-100 ENB-110KQY GTCP 36 (30H9)
AN0-B4-200  TSCPTO04B (MZHP) | BAE4G-200 GTCP 36-100 EMB-120 GTCP 361500
AJOB4.E08R  GTCE 660 (300 HP) BAE146-300 GTCP 36.150) £nB.945 GTCP 16 (80HP)
AMC-BA-E2R  GTCP 060 (300 HP) BAE1B-R) GTCP 36 (B0HP) EMBRAER  GTCP 36-1500
A300-C4-200 GTCP G660 (300 HP) BEECHIET 400 GTCP 35 (8OHP) F-27 SERIEES GTCRPI0-54
ANCEL200  GTCR 660 {300 HP) BEECHIET 400A  GTCP 36 {80HP) F2B1000  GTCPAG4A
A31D GTCPA31-200ER (343 HP) | BHC9S GTCP 36 {80HP) F28-1000C  GTCP 36 (30H9)
AYT0-200 GTCP 88 (200 HP) ::"""’" Globd  GrepasO0MP) | F2B2000 GYCP 38 (80HP)
AJI0Z00C  GTCR 85 (200 HP) CanadalrReg-100 GTCP 36-150[RR|  |F-28-3000  GTOP 38 (80H9)
AVIDZ0OF  GTCP 85 (200 HP) CaradoirReg-700  GTCPB5(200HP) | F-28-3000C  GTCP 36 (8004P)
A310-300 GTCP 85 (200 HP) Cararvle-10 GTCP660(INHF) | F204000  GTCP 36 (80HP)
A310-204 GTCR 88 (200 HE) Caravebe-12 GTCP 660(300HP) | F-2840000800 GTCP 36 (40HE)
A349 GTCF 36-300 (80+F) CITATION | QTCP 36 (BOHP) F-T0-100 GTCP 85 (200 HP)

Aircraft APU co HC NOx
Group (g/kg)  (g/kg) (g/kg)
Large Jets GTCP660-4 8.44 0.25 5.39
Medium Jets GTCP331-350 2.74 0.31 9.80
GTCP36-
150[R] 6.12 0.84 5.59
Small Jets GTCP36-300 2.04 0.18 10.18
GTCP85-129 17.68 1.13 4.63
. GTCP36-
Regional Jets 150[R] 6.12 0.84 5.59
. GTCP36-
Business Jets 150[RI[R] 7.51 0.86 5.55
Turboprop GTCP36- 7.51 0.86 5.55

150[R][R]
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F» RITEEH D ARANIBS: LTOEIAER D AR KARERS, LTOTEIA#E | CAOE
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at Turkish
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Thrust setting
Time-in-mode (percentage of
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