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T 58 B 7 R A S A% B R IR AT RS B Lk Bk
TR 7l B e 7

TE AL 25 i Bk HE R 5807 TG, AT A BF 9 38 R
JH A4 A B8 W5 4 (Life cycle assessment, LCA) J7 % i
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APEEPE S SRR T B NI AR G SR AT
TEREE AR A BT, kB R HLIs AT B B AR 1 B
B R R (5 90% LA 11 TR V8 Vil 4R Rk 4 A AR Sy D
DA B HE O T B IR B E T
NIRRTt S VI A - A SO T B 2 O S SV L
BT A S AR R PO R AT AR R IR R H
&5 0, Bhandari M7 FI Cetinkaya £020158 5 LCA
VAL T 2 RO TR 1 007 XA 7 SRR TR Y AR i A 5 BR
NG R, e B nT AR R TR ) IR S UM B T AR S g
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AT = B0 3 [ 42 35 2R ¢ 60 M 25 A B AR PE A 1 BIF
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WA FER T 07 AT E IR AR SR A T
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N —Fh A R b BT TR L TR SR W T R
Hh A AT SR A 2 I AR R 22 T RY R, Bl TN
T3y I3 B R 0 BB 0 A5 RS T s Ak PR
BAZ S AR SE R0 Sy B RGX — R L A R
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B0 B A E RE T R G, P AT DL/ 5 8 52
22N BRI % T R ALRE H G T RO A ik HE T
AR T ARG B A B SR AR T HETROK
FRAR A=l (Wi 25 32 4l ) 43 3 R AR 2
R 45 B W RR 7 vk B9 5, Sub 2528 Fl Heijungs %5540
PLCA Fl IOA AHZ5 &, #2 1R & 2E 4w J8 101 0F f 455 25
(Hybrid LCA,HLCA) , 1% 15 %1 BE fig R H PLCA ¥ 21 fi#
BT & 40 i 25 2 A [a] A= i S 30 i BB 1 0 4% A ) sf
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iR BB A (4) FroR e |
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2orb M R 4% 45 1] 0 A Wik HE TR R A g Sk [
B 28 0 45 0 17 L 0 Al s R B 0T B A
PR B HE R (1 - A) O B A R R BUERE
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REBUEBE . A SCH AR TS T 2018 4F v [E [
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AR SCR I 10A SR L3 1k 5 38 7 i R v
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A S WCR FHPL H 3 T R4 5 4 o 5 36 ) (R
BL & [2001]88 5 30 ) 1 MU A 45 ¥ AT IH G W H iz
FAA 25 B WL 1 0 3 AR RK T AR B
W T WL B I R . B E L FEAL S 1 R
JE W B, AR SO E R AE R0 5% , TS B9 2 5Tk R T
DAk — 2 F . ML is 8 3T B A4 AL
Ptn 1 s
2.3.2 s gk

i T 4 i 25 2% K 2 A4 F BF & B B, AR 5L
P X LA AR B, AR Sk B i 45 oA A0 1Y) A320Neo 7 A
TRMLAE AR 2 HEAT L 25 45 0T % ) s AR I A 53 Mt
23 4% B W ) B AR SR ] i Karen 1 Jacob 42 H B BE 4
BREAY 7SI A T A o RS A AL TR OMIL B F ) AR
N AR E R (W & AR ) A E & R AS (il 3 A ) B
T4y, A 5 B A2 A — bk B KL AE P B0 S 100
0 D e sxt i 5 AP AR SR AT 40 e L O 6 B A
25 PRI BRI AR (DL 1) o F i, A SCMB 2 7E 2 48
1 A 21k )5, LR E %0 5%

R R FH S — WL RUAG B3 25 s AIF 1) B AR A o
IR 22 AR S0 ) 25 R8T R TR) 28 B i 25 2% 09 A k2R

for (UL 2) , WV B Sy 45 B0 MK A o) B AAS 4 i 55 0
LK o AR SOk U AH DG S ECR B e B An R

(1) AR ZS 25 4F ©ATEE B9, A4 C B B A
75 AR BRI HE I I AR B AR (LTAG) AT PR 5 ) A<
SCARBENT S #0915 AT 726 km/h, A CAT I [E]
293000 h, KHAE RATEEES O 2 178 000 kmo

(2) T30 2 25 1 A 2 Ekmr , W FES % LTAG
ALAT PR A i 2, AR SO % T B R
(PN +4725) R 225 5 (29100 kg) o LS8 =S 4% Ak
W) 5 BE 25 28 29 LA A320Neo 1E g A0 HLEY AL AR R}
FA b HEAT X A5 A e A 2 A HRAY 2 AL AL 2 DA
A320Neo Ay Ji A 3 3 1Y 25 AR HL FZN-1E ; 40 B 20 fiig =5
i 1B I ZE 9 AL AL B L ES-30. A [R] 2R AU 2 A
T 1 2 2 HOR R (DL 3R 2) A7 Bk Ay ol 45 L 25 45 9
HEH RS Y i i e
233 fimdrisfiT 54y

A B B A RS 8IS AT R AR v R A5 R AR
B . Hod, il 2s 25 00 4E & AT 5 2 B8 Franklin
Harris & T 67 5¢ 3 EI i 25 28 w3z 8 800 2 37 i1 ) 354
T A R RBLA SR B AR R 160.47 T T/

&1 HBBEEEMM=[OENRIFERN

A= i JE T B B NS A BAR/(TE/(t-km)) B HE R B/ (g/oT)
AT AR 0.4198 143.67
RS 0.282 8 102.60
jEisb R A= $LE 0.014 4 45.02
gz 0.016 6 45.02
Wit 0.049 8 45.02
AR A e P 0.0119 45.02
— \ ﬁﬁﬁ%‘j{ | 0.003 7 45.02
WL A iz i 0.010 8 45.02
BTt A 0.004 4 45.02
DI/ BN 0.001 2 78.95
BT BRI 0.001 2 25.45
LI ARWFFE 0.008 1 53.78
EiiEcay=#L 0.0019 46.38
Tt iy 0 45 2 0.008 1 46.38
_ 7K B AL 0.003 172.24
Wiz &
F, g ki 0.267 1026.33
TR 0.267 3 65.44
il 3 T 0.044 5 65.44
[ Wi zs 2wk & TR 0.026 7 65.44
LA & 0.0713 65.44
KK 0.0356 65.44
M2 4 oz & A il 1.459 2 65.44

2211010-4



A5 B3

B R A e FELUIT O ) T T (0 A 25 ke B A L BT 5 2024 4F

23 e E) D) g BN R 93 SE R R 0.049 J8/(t-km) L, i
25 448 HIUIR 55 1 e HE T R B0 104.14 ¢/50 , TS T
L 2s 2R HE B B B i HE O 5.11 g/ (tekm) .

FE L 23 SR RE B HE T 18T, AR SO A 25 R
BRI BB HE L, [R5 2 pE R kL AR 7 R A2 i e AR
TR T 42 HE A, BB HE 45 28 s BARE S A= 7 -1 i IR
be Ak B0 AR AR HE L . A5 A RRHTE FLA
it TG BRI F A R 7 AR B A

(1) 1% G i 23 S8 Bk A% Gt 1 A 25 5k LA 2 08 il
o, HOR W A g 5 Ttk M B B 2
A AR B HE I AR B AR (LTAG) AT AT PR 5 ),
A320Neo il 25 #% i B2 6 300 km , [ 2 4if 45 119 47 #E
L T FEAT 2SI 16 275 kg, LA AT DL HY 2 B
23 M AR K 110 78/t km) 5 A7 DR 358 11 B B i
RECN 77.16 ¢/oC Wi L 2 1l AR B B e HE
o BB A2 Ha 77 X5 1A il B i Ja B R Y S
I FE R B 0.05 L/(t-km) 0, 35 By PE B R GE K
100 kmo SETMIRGEM — SEALBRHER R ECH 2.73 keg/L™,
e 20T ST BT 23 R ORL Y A2 B B B R B HE A
3.01 g/(t-km) .

(2) 24 W KRR 2 2 W RO A 7= i BRI A
B4k A Michailos 5576 i 25 A= W) MK R EA T (1 H2 R
2RV VAL A SO T Y A W SR R

T BRRE AR 77 R e AR ZE Y, 43 51 g i &L 12 (Hydro—pro-
cessing, HP) | % +% 3 ( Fischer—-Tropsch synthesis, FT)
FH A 5 (Zeolite cracking, ZC) , 2E 72 JFURE A ARl 2
FW LA SRR R ARAIR 3 PR .

FIL 25 A2 )RR RE Y 32 B 2 25 LA URIEZE X AR W) £
B IF 5% R R AR A 32 B IS R 100 km, 3 AR P AR
SemAE R Bl ) I FE R ECH 0.05 L/(t-km) o HEAM AT
23 A W ORORL A i T G R v T R S TR
AW E PRI L 12 1 Fe B AT IR -

(3) B BEAS SC I 1Y H 2l A 25 4 45 48 20 Fit A =5
L B S i DL BE R ) ) L i AT AR v AN A
SN FERRRL, I Re 0 S B AT R HE L . A
AT R FE ) 7R B B HE S B Feng 551 1
WF 58 AL, X WF 58 3 T HLCA A7 350 v [ AS ) 2K 700
FL ) A 7 B A i O A SR AL AR R il A
B AN B /5 -2 SR8 - SN ER 32 ) S SR N
SCHE T VTS T HL Sl A A L T AR 7 B B v i AR
(WF%4).

(4) S RE PR AS SO I8 1Y S0 RE AL 25 4% LA S8 3
PR i3/ N G R W= VT I Y e 2
JR 2 AR A AT OB IO AR, A R b
% (SMR) FE AL (CC) MR R T-Be . T 3K
PLSE B¢ R 3 0 RE IR IR, AR SCHE Il 32 8 2% AL T

R2 REMEHEMEEME[NRGIMNE

i #5257 HL#Y FRiE R BN A R 1t

& G s 4% A320Neo 1507 15

S HEMT A 2R FZN-1E 180% 1.8

" W IR A 2 A320Neo 1507 15

2l v B i 2 7 ES-30 309 0.3

1 : OB I « https://aircraft.airbus.com/en/aircraft/a320-the-most-successful-aircraft-family-ever/a320neo;;
Q% e I : https:/www.cannews.com.cn/2022/0610/345370.shtml;
(3B S U - https://heartaerospace.com/es-30/ .
R3 METEVHBEFBTREEAN
AT B A AR/ (TEAL-km)) ﬁ?kﬁkﬁﬁz;%ﬁ/

HP G+FT ZC (g/7T)
LT L &% 0.221 4 0.246 3 0.225 6 128.46
iR 0.055 4 0.061 6 0.056 4 117.44
AR TR 0.166 1 0.184 7 0.169 2 143.67
Tl % 0.000 0 0.059 2 0.000 0 177.82
2 i AL R 0.070 8 0.029 6 0.136 0 177.82
TR AL B 0.000 7 0.000 8 0.000 8 55.92
i3y 0.1512 0.169 1 0.153 8 104.14
¥ HK R K 0.002 0 0.002 3 0.003 2 172.24
JEURE OV 2 55249 0.3337 0.3703 0.387 7 30.09
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®4 BIHMERENHFR-SWHRHR (S MEIThEEANM)

e Az i J 3 B HE R (g/ (e km )

i H 3238.74
RN 3195.03
SH 2253.69

7N A 256.20
e 200.91
R 122.18
% 45.03
K 34.76

AR . ISR K S SR TR T i AR
FIH S E A7 AR (CCUs) . B E A5, A U2
SR T 1) CO, dl R O 90% . CG R CG+
CCUS il &3 2 A A AR Sk A T Nikolaidis 55 (1 iF
FE B A T R A R T R K AT SRR
B LRCH IR ER A K- - R - R
BEAR ML, A 7= i R e A 5 A ) SO AR S R
El-Eman %5 (%) Bf 557 1R # Siddiqui Fl Dincer SORUIS
e TR R v SR AOR R E R 53 kWhikg .

SUTE R R H TR T AR, AR BUE R 2 AL,
WRbe IR =, L5 X 4 Jd M ORL UG, B AR
o R 4 i % A A7 A A5 T AT s 0 e B K, A
KREE ., B% Yao 50 ML =M A S MEZ TR, A
SC 3 FH AR S5 AR 1 8 R UL B iz i ik Jy X AT i
S AAE 5 (3.22 90 /kg) o TR ABRBEA = E T4
Al HE S, A o SR R 2 S R HE T O R
JEA WA MG Z A B (LR S) .

3 #R5iFie

3.1 AR = 2R — SR
WA 3 B, AN 20T AR W R R 25 4% 19 A= A
JEI I = R A T HE 22 S /D HEHR T 1.002~1 018

g/(tokm) (CEX7 1 011.88 g/(t-km) ). i, R F#
fiff 25 W) BBOAIT 225 A 00 JR ARk 1 s HIE TS ek w25 T 9% B % AN
Ak WHEICES A | B HE B3 2ok A A= dris 4T
Y By B S35 o 51% 0 FEk AL Az R
fire 25 25 WF ) B Bt L OF 3905 B A R 37% N 12% . i
TV B R AR S TR OB R A R G
o T AR 5 Rk A A A i R i o o A 1R
W = S AR, 52 AR P R R HE R R
DR ot A SC 22 W% T A ) RRORIR 5 HE T L AN T A A
THR B HE R

LR 5 BT L 2 #4832 17 4E 0 B B, R B B B HE
B FE R A AL BRI B L 43 ) i B B A i T
W B HE L 66% T 34% 3k UL WS A8 AR W) RORLI /N
T s 2% AR A e HE R AR T S8 R e I A A
AR /N 23 BT R B HE TR . A, BB A R R Y
] B2 HE B A% LIS AT 23 B B il HE R R 1 33%
ot s A R AR RO 2 8 A 7 4 ) 20%
M 13%. W] WL, A8 A P BRBHIR B AR ™ A e ik
H LA 7= 5k R e B 1 () B HE AN T 20 i 2s 2 4
PR Iz i e R b i HE RO N A S 1% A
32 sl | ERHER

A SCRTE T 8 Bl AN [a] v g > YR 1Y) 4l Ha Bl A 25 2
Az i JE I A A HE (WL L 4) o R AR A RE IR
Sz F CRIRERE 3 F RTASCHR ) H Sl T 2 48 2 i o] 0 —
EACBRHE T2 R 1 142.08 o/ (t-km) o Horf B &
FH 3K Bl A9 0 25 2% HE B = LG8 E1 1396.76 ¢/(t-km) o
AR 7, T P A Al VR K HL B Bl A A A A A R
HEWCOF- 2 41 017.24 g/(t-km) , He Ak A7 fE TR & L S 1
TRE25%. Hoh, oK J1 K v 3R B i 23 2% HE B AR, AL
91002.63 g/(t-km) . AI UL, HL BT 25 2% 19 & (R )i
Wy F Hors Iy R U8 o 27 ok Ak A R IR & W 3R Bl i 2

x5 ARKBSMBHEFESERRN

A= i R o B BABA/(GE/(1-km)) 33/ EX U
HoAth 38 FH 3% & 1.38 128.46
K- - b T & A& & 5.53 117.44
+ AR TR 4.15 143.67
HoAth 33 FH 3% & 1.34 128.46
- -F b T4 % & 5.36 117.44
AR

AR T RN 4.02 143.67
Ak T 0.64 75.92

KA (CG)
CCUS T.#% 0.00 75.92
AT 0.64 75.92

%A (CG+CCUS)

CCUS T.#% 0.14 75.92
A5 MiE 0.18 92.64
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Bast: H3H B IRA A A UL DAY 8% T ¢ € 0 2 A HF I L A 5 2024 4F
iz ARdfdr
0.99%
=LA
1200¢ 32.89%

1000

800

600

A BRI (g/(t - km)

400

2e
73
2 ok

2001

HWIBTRERT

= Rz

0.58%

65.54%

[ i rssti ety
B VU i
[ ] s s r=hivs

pIERES AL Hfipik

E3 £HRin==80 4 o B HRRHER

i, PR b HR — Rk HE Y 5 B
e B 2 kAT

HL R B A [ A i SR 3 B B, 0 #48 0F i sk HE s
b 623.21 g/(t-km) , J2 45 25 4l L 2h fii 25 28 B HE R K
VR, A7 ik B 44%~63% . X F B S R ON BLRY B H
B R B AT AR, B AR &, DRt DA IR 55 D) RE B
A7 X AR 7 B BE AT PE AR B, TGI8 R 4R I R BR T AR
AR T HAL KB 4 R BB A R EH . Wl
5z B W BB HEC R 370.03 g/(t-km) , 5 #4526
HL Bl 25 48 19 26%~37% .

TERL 25 AR B AT 4E 40 B B, 2l i 25 48 CAT TH AR
L) A7 2 R HE . 1% B Bk HE i 2 ok A
T AR S A S HE O] 2 N, R 4
FIEos AL Ge kA e IR & L HE RS & L B AT 4R B BT
BIHERC R 361.34 g/ (t-km) |, (5 B HERCH) -3 1L 3k 3
27%. MR, T FA R R K HL ik R R L 1B AT 4
B B S HE AL 24.00 ¢/ (t-km) L 2 5 & e 4 £
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A comparative study of China's green aircraft carbon
emissions based on hybrid life cycle assessment

WANG Ze, WANG Qunwei, WANG Changho, YANG Ziyan

(College of Economics and Management, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In order to accurately account for the life-cycle carbon dioxide emissions of green aircraft and

evaluate their emission reduction effects, a hybrid life-cycle evaluation model combining process analysis and in-

put—output analysis was developed to account for the life-cycle carbon emissions of biomass, electric and hydro-

gen powered aircraft, and to compare them with those of conventional aircraft. The results show that aircraft pow-

ered by hydrogen from wind electrolysis have the lowest carbon emission of all green aircraft, at 674.21 g/(t-km),

while those powered by grey hydrogen have the highest carbon emission, at 1 724.12 ¢/(t-km) indicating that the

fuel source is critical to the ‘greenness’ of the aircraft. If the aircraft is powered by hydrogen from fossil sources

or electricity, the emissions are transferred to the upstream chain, although there are no direct emissions from the

operation. In general, green aircraft are more effective at reducing carbon emissions. Compared to conventional

aircraft, hydrogen powered aircraft, biomass powered aircraft and electric aircraft can reduce CO, emissions by

25%, 20% and 10%, respectively.

Key words: Aviation carbon emissions; Green aircraft; Renewable energy; Hybrid life cycle assess-

ment; Input—output analysis
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