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Table 2 Mass of pollutants emitted per kilogram of

emissions burned
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Fig. 1 Number of rocket launch from 1957 to 2024
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Fig. 3 Propellant consumption during 2020—2024

FE 1t 5 [ A HE 0 3R A 24, O 1.24x107 kg, M3 2 [
VL, i E 7] ) BC HE i 7 1 35 A0 1 I 4
MMHESET], 15 YR, W, RS B a4, TP RE
5, 5 AR Rk Ak T 50 R SR BE DR, Rk
FT R B EL T Ty AR R R o 2024 41 00U I A 31 FE
Wik F 8.38x107 kg, 4 i I EL 1Y 70%; ok H
W 50% AU - I AT 55 B 4 ol AR b, AR,
BC ek &8 i 2.17x10° kg [ % 1.46x10° kg, Uil /b
T 327%. #5TE 2050 A, WA e R Y o Lk
#| 50%, BC HEMCR W5 M 5.741 5x107 kg F# 2 4.154 8x
10" kg Ze 47, /D T 27.6%-
2.2 KFZEHEE S T

4 J& 7R T N [a) 9y o HE o 22 ) KT 43 A
Fetk, FIRE, 450 T & B AN FRHB R S, %

P2 2020—2024 4 [ HE I RE I
Fig.2 Emissions during 2020 to 2024

HE R A 2T AR R B (AN 3 TR ), 5 4F
VA KR R ST AR B e 22 R S R - il A 2
F, MR IA R 22x10° kg, WH B &R #EE L, K
AR () I 3%, e BT T 5 R 28 P, AT XM AT
RSG5 0 SR, NFR 2 AT LUFE WA -
i) CO, Al BC HEM P 7 8 & = T H A A AR,
N I, Y-S X O, A BC 4 HEJIC 5T ik B, A
&2 Fr7R o R 2 ) T AR o (SR TR - B v
YEF], SN 4.8x107 kg, H: CO, #1 BC HEji A 1% T &
A -HEI AR, CO, F BC HET BT ik 5 10 T 9k -
SR HE R, 7R 0, A2 BR T B R R 1 B
PEFRVE, VFZ R R © 52 S HESE R . [T A HE
TR AR 2 FORRE A THFE AR Y, WL T
e 5 1) A - R R A TR PR I AR R
1.0x10" kg 76 47, HF A HE F 5700 5 A 405 . A %o
R, 72 ALO, Hl Cl, 5 4L Wy-HE A e — R U8 AR
SURBE =Y 1,0, H H,0 BYHERL H T W
THARMESE R o W Be e R E e -
IR, A 2 5 R A2 N 45— ARs Ak H, T

P3| 7.73x10°
fHi | 5.28%10°
2% | 6.25%10°
it | 7.49%10°
k[ | 7.57%10°
® H A []5.00x10¢
H EpE (] 7.32x100
B[] 1.40x107
BB TE [] 1.70%107
e [ 1.83x107
mEC ] 778107
e ) L |2.79%108
0 5.0%107 "25x100 3.0x10°
AR kg
DRkl 7 7NN\ s |
A / AN
P 7 A
w1 fif / /H
i 7 NE
% H A 7 2NN BRI
iz EpRE 7 NN\
%M 7 ZNNNH |
I BE s TiE 7 A
W 7 A
o 7 7%
eS| . ; L U .S
0 20 40 60 80 100
HER i 18/ %

= BCHEiE B ALO R C1 R i
HOHFicit O CO, it
B4 2020—2024 4F ] SHERH 45 18153 A5 B L
Fig. 4 Spatial distribution and proportion of total emissions from

2020 to 2024



3662 b M & MR K ¥ %W 2026 4%

5] i & 3t i BRI S CO, i H,0, P &1t PUg) [2.15%10°
5%" CHE R B 1Y 60% ~97%, I T 24 i k5 %1;;2] ?32:?

HEF DAk SRR I A E R R RS L 38 : e |3.32010°
AP S5 MR K CO, i ik 54%~ 70%, uhlE | 2.11x10°
T AL HE Y . B A TR R 4 £ Eﬂﬂ;[; %2331591100
H A WA 52, H,0 & He s T CO,, H. Cl, Al ALO, a . jmxw
BAB M. Wi []5.20%10°

K 5~1E 9 JE/R T 2020—2024 4F K i & 5 7= 4= e [T 5.12x10¢
i CO,. BC. H,0. ALO, Fil CL, HE it 5 1y 4 BR Ak - E Bl 29010
23 (AL HET A3 AT R E o . o o o

L [ g 8ax102 H,OfFif it /kg

T | 8.68x108
G| 107100
WEE| 1.40%10¢
| 1.25%10
HA | 2.86x10°
ENE[] 9.02x10¢
2 []1.36x10°
IABE S [ 2.95x108
w2 301000

i 1.28x10°

%

4.52x10°

0 1x10¢ T ax108 5x10°
BCHEt i /kg

Bl 5 2020—2024 4F[a] BC HERURY =S (B A

Fig. 5 Spatial distribution of total BC emissions during from

2020 to 2024

L a5 [2.43x10°
friy | 2.47x108
w22 4397100

)t | 4.02%10°
ik [ 5.08%108
&% HA || 7.87x10°
H B [ 2.51%106

e []4.07x100
napE s [ ]1.14x107

e [ ] 1.28x107
v | 221
2 |1.82x10¢

0 2.0x107 4.0x107 1.8x10°  2.0x10°
CO bttt /kg
Kl 6 2020—2024 4 (8] CO, HEMMZS [E] 4340
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A study on emission characteristics of rocket launches (2020—2024)
SONG Jia, YANG Yu, HAN Wang', YANG Lijun
(School of Astronautics, Beihang University, Beijing 100191, China)

Abstract: The rapid development of spaceflight has significantly advanced science and technology, but it also
poses non-negligible environmental challenges. This study focuses on major emissions from rocket launches,
including CO,, black carbon (BC), H,0, Al,O,, and chlorine species (Cl ). To assess the atmospheric influence of
space activities, their horizontal and vertical spatial distributions are examined using worldwide launch data from 2020
to 2024. The results indicate that gaseous emissions are dominated by CO, and H,O, with total quantities of
approximately 2.71x10° kg and 1.44x10° kg, respectively. In contrast, particulate emissions consist mainly of BC and
ALO,, with estimated releases of 6.70x10° kg and 7.80x10° kg, respectively. Horizontally, the emissions exhibit
strong regional concentration, with the United States and China accounting for the majority of CO,, H,O, and BC
emissions. Al,O; and Cl, emissions are mainly concentrated in China, France, the United States, and India. Vertically,
CO, emissions are concentrated in the troposphere, while BC emissions peak in the stratosphere and mesosphere. Due
to the persistence of BC in the upper atmosphere, a near twofold increase in net radiative forcing can be observed in
these regions. This suggests that because of their high-altitude BC emissions, space launch operations are more
dangerous to the climate than aircraft and conventional industrial sources that are limited to the troposphere.
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