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Abstract: The ocean harbors abundant solid minerals and is the world’s largest carbon sink with vast carbon sequestration potentials.
Exploring the synergistic development of deep-sea mining and carbon sequestration is of significant importance for supporting
China’s green and low-carbon transformation in deep-sea mining, as well as enhancing its influence in the field of ocean development
and governance. This study summarizes the development status and trends of deep-sea mining operational models, focusing on the
efficient, green, and low-carbon development of deep-sea mineral resources. It proposes synergistic operations that integrate deep-sea
mining with marine carbon sequestration, creating a dual-industry collaborative development model. From the perspectives of
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feasibility, synergy, and economic viability, the competitiveness of a “deep-sea mining + carbon sequestration” model is analyzed.
Breakthrough directions and technology development pathways are proposed, including efficient integration of deep-sea mining and
carbon sequestration systems, environmental impact monitoring, carbon footprint tracing, and collaborative operation equipment.
Research findings indicate that CO, jets in deep-sea mining environments exhibit a collection performance comparable to water jets,
along with better environmental friendliness and lower risks of carbon sequestration leakage. Deep-sea mining and marine carbon
sequestration show high complementarity in terms of operational equipment and space, with no interference in their operational
cycles. This industrial collaborative development model can improve the profitability of both marine carbon sequestration and deep-
sea mining. To promote the synergistic development of these two industries, it is essential to accelerate breakthroughs in core deep-sea
technologies and equipment, establish a complete industrial chain and clusters, and foster the comprehensive development of compound
talent teams, technical equipment, and economic benefits in deep-sea mining and marine carbon sequestration.

Keywords: carbon peaking and carbon neutrality; deep-sea mining; marine carbon sequestration; technical synergy; technology

development pathway

|
T}
i

RIBEEFENZ SRS~ 2&EmLY.
B REE AT Y, K, ZE&ESZNEEE
ISEE AL, A, . deEEET 2<107t,
AP HERARAL T R 2 AR, L Bl BRESR RIS
Ry KL FEBDVRZE SRR BeUE Ml ke AN Tl Bk (1)
KRB JEAT R, a2 HEB) 7 M B T2 AR e ) o
Bl FFARUGRIGEA 7 BE YN DR b 28] 1 o 2 R R B
TRAE IR g 5 P

R 2 BB TRYOR Y, ZIWshiE
W 5 T BCPIARIAT,  3X A2 IR = B U5 A T 1Y) 3=
BRI R BN, KREDURYIERBE S5 %52
HRAF ARG, bR S T B 40 H At HE s R v
HET, R eI R EAEE T i)
Ml 2 Phbk, & ERRERE ) (International
Seabed Authority, ISA) — EL{E%% JJHERERIE RN 1)
AIRFSER R, FERRN e B S ORI R i, (H
TE B PR8ISR A2 1B B 2 A BA DR 2H 2 00y 1)
Rl VR RAT TR AFAE XE LU0 P 8 7E A 85 f 5,
fif R BRI R S MR L A )7 G, 8] 7 2
S Sl O 28 5 A s AR S A IR BR AT, R HE R
BRIETT R P RREE R o

NERE RIS T b TN O I N e 2 N 17
B2N3.9%10" t, JEFhHmR PGS 1 20 5. KAk
JEE fih B 1R 50 155 PR 2 1) R) F A bl Dy e =2 HE 5
AIHFEER R o A BRI R 2 1 A . — 7
I, B E a4 FIH5EAE (CCUS) T
H o 26 QAR R, JFEAT T /NI )i
L, H R CCUS $é £ A i, A 75 it kit
FERREAEKI . KT REnESes. H—J7m, W&
Ve TR AT R I g R, R ORISR A

AR KT B R R e, IEAEBEK T
WA R, R RCEIE T 5B AN S
b, Bl R A B A 7 TR BRI BR A
P, AT RAE BRI A CO, BEAT RN 7 BE R IT R 5
HETE IR E AP R A S, BRI CO, MR HEAR R T
e ey 0 PR SE LR YR 4 i RO AR RE
FEITR, A CO, BRRIE K A7+ I8  PIR ALY
B K& ROZ R R SEBLR A AR5, JFK
FEURIEF 6000 K ZR A" 3% 46 SKHLIR I i B A7, M
— R GRERAT BB U R AR e AT AR
ARl L, S AR AP, 43 Bh T 32 5F 2L
i, FEARURIERAT T A, s R A e
HEBHIRIERA 5 BREAFBOR A R, SEBL
BRI AL IR, TR, WsRIk E T
A BRSO A S 22 G [l 4 5 T Fp SR R FERE T

ARSI P AR RAT 1 Ml AR 2R Jg IR K
FHR, I HTERIEERA P Rl B A7 R N 1) 2 4
@Y, BB EARPEME. FATYE . SRS T,
BB FE R W [RT BB A7 R A AR A 3
REILHEAR, FE R HEREREERY SRR E A L [F]
RIERIEUL, BB E R 2R O R R Y,
LU RS AR SRR SR AT ) ) AR [ T 7
R [ 2 B B oG 0], BT AR T 5 v ER A
SRR TE AL

— RERTARERN L RIVR S

(=) FERTARIEX SRR LRI

2022 604X, FE bR LR IRZIREERY 1E
AR, I 20 tHEAD 70 SEARTF AR BRI B AR
TR TRERER, et 7 4FERy Rl R4t i
SR ARG EEERRY ARG HREARIZE

149



RERT SR FinEARAFHEEI AR R K ARRET

ARG BB - RARRTERE 258 HAT, H£0HL-
BB R TR 2 B B R BRI BT
7, SRR HURIER A R 4 TR
THRAR . EY REMIZORBRIERT ., 5L
W TAEJE I AR, K. B4X3%, W
UG WU S5 BN R 2%, BLCIEIRE
5 o B SR T SR T R AR
A IR GRIEIN . IR A HERE,  J74 5 H SEI
P AETTR . IR BRI HAS, SR S [E 5 A
M IX CAEBRIE 7 SR BIR . PR & Kk TR
PR Ty 255 J7 A Bt OR B TRHEER T 1
AR SRAT AR AR v B ) 2 ) e 0.
H, KSR (TMC) A RITEIRIE R H AR B
PARETT T SN TV N B B, RIDRE T 4R AL
R (LR 1) FRFEE A B H 26 KRR IR fiE
NEZER —, PCHEAME T “HERER 217K
TIERNHIREE — KV E B IR ARTT — TR
SCRE” IGSRERATBOR T 0, O E PR R
T80 ZAWURAI G IRAMIA BT/ &, FEASE R 7 H H
BRI SE IR LE R, BT IREERE R 5%
#FIR EIUE . W, iR, TR
UE R AR SR AR P 25 AR, R A iR
e BRAT B ER AT 7 B R 58 i 1 I 2 A ) i v

R,

(Z) R8T =HRRFLANRELRTE

T R RIER 7 BT -5 0] P 3 T e 5 20 5F
PEFIFREE LR AP RO 20 . TE 10 /2 [ BRade 2 B Y )
DRIBERA 73a I, AT R 1 A o A2 SRR G oK
(ORI, 3 PR B E DAY B e I AR SR B s, A
DUAE W 23 0 4 e AN P R BRI 2R . IR B fR 4P
M RERT TR b BHE M N BT 1

mio DAL, FERT BEIRIT A [ I e e 5 2 aa A
MBI, A H ARG ) 5 R T 7D o
SEHLARIER 7 G TT A [ S M A e 8 5 e
i 2 MR FR AR RO« FRARIAR R . SEBLAR AR HE
JE3 ATy T e . AESRTH SRR T, PR
SFTRE B ARAE . I EL I TR SG8E . [E A AR
IR FIGHRITEBAT GEREA 77 0T RIS R 2 MM vy
DU R AR R R AR A, BT SRACR ok 2 il

WITRER, HIETREEFE. mLshnm, S5
TR B BASAFF, ARSI, AR B

TARE L RS RA R R R IR . 454
BEYMORBEN R . A BESCRIRIRAATE I, A
W2 Emammk. sORE. EHRTIE
. ARE A SO R S, B8 CO M TR SR
IR AR A, KOS CO, B BRI
Z R AT R N R T 5%
FERARIA S . SCBURBRH T 1H, W] LLS,
FHA I CCUS BA, il il £ ¥ CO, 38 i A it
B EREERY T 6, KR CO, Mk iRy 4
FEHERG DA SEBUR A R A7 Be4h, I8 AT LA
RIS CO, B RAL GRS LBEAT IR I 20T R, ¥
KECO,HAF LMK W& CO,BARMEMIK I =
BEARXT TR BURL IR SR DR BE 7T, /N ERRAT 38 o 1
PR E s KGR AR P SC BRI g i
B, BTG Qe R ARy “ BiE s IR
WA, SEELR IR SRS X7 (A
KD FEAME RS, R RO 37 A
SR B S, CO, 1 D Bk P AR SR 3 7 i
AR, (R RN BIA 5 i DL S B AR
A0, XM AE — AR BT AR AR AT, fH
e A RE A PR, BB I TR B st A U 5
TR IR A . HAT, R REL K

FFRAEA, IR 2 RIEHR G R EEF FEEEECE 2N /R IERET, WilE
F=1 IRERERINREY FRBETLFEARF AR
S R
It a) /4F | IV AR s B R mﬁﬁ? IREL LR 15 Hte
2018 KD B 7B A IR 5T A A FEREATE ST 10 —
2021 EE R A= BRI 72 TR A A FERAF T FARTTR 120 WEE I
2021 o P P VIR ST R B e FER . FEATF R HARE 30 BTV
2022 IR TMC A7 FERF T, AT R HoARTE. TN 86.4  IRIEUEIN. FREEIEAM
2022 LR IR AT KA TR AT A F] FERERFIT . FATT R 20 BT

150



PETIEME 2025 F $27% H2H)

FEARRE R A5 FE
AL I T
et B R A

Wk CCUSHA

COL YR o
) A VAR S
ﬁﬁ%ﬁ% PR e

Bl SEARMESRERERY AFELR

sleipner Tl H ¥k 35 47 5 0T34 1x10° /a2, BF15-1
THT B S A7 TR 2 R A — ) 3 A7
WATH, BEAFEE I 1.5x10' 0>, 5E4ME
AP BORZ IR

BAERE, W = SR IF R N v Fr 8K R &
THRGIH . RERY 5 BHIER FH R G . E
AR SRR . WD TR . FRICH S
He R BT 454 CCUS H AR SR kit R Ak
R, HMEShAIEE BRI R L Mgk, RTRFERTT
) R F&, A ERER AN B bR IS8 A AR B TR
W TR TF RAT AR AT Y Ak R i =

=\ RERT SHRHEHEIELAFENX

SARAR AN A BRARHE ) B H 25708, B
(RYEE IR A BRI RGUIE AL T E . BB
ARICH AR EAF AR, B A R S AR
WETERR L T 22— WAL T B RIS 72
], REfEKWGE(E CO,, /D HXT KA RIS,
FERREAE 75 B0k CO, B 7 2 3000 m LA N HIHFIR, i
TR R TR R BN AR SIS Bl DAY /IS RS R 45
F RN CO, A RIE R . T EIS Bl FE I m,
JE AT 5 1 AT 0 DX A 3 9 A X BRI
W H AE 0.9~1.9 km/h,  SZEIIGT @ RS, TR
MEERINGENE . BB, v LN RE
TEHRHE T A R A7,

SR b, R Z BRI = BEIR AL TP K IR
113000 m X8, HFRA A ZRshB 8-, m
AT B RSP A0 1) v hr L B — e R o bR 2R A
DRIER A VR IT R 58 R R B 23 18], Rl BLiE
JE T A BRI R B DX B XM PR R SR A,
HHT CO, M K EY, Tt M E AT
P AR B L BN A BT Btk e XURS: , AT i 2
BN 2 SFEAE. B, BN AR
P& OB R R A PRI AF I H A4 &, R IR
R s RIS, AR AT TR = RO T K
IR, 588 CO, R AL B A7, FEiRm & B &P
IMEERI T . I, B AR 72 BRI K&
RVINRL B IR IR S5k AF — Rl
Bio X T 4% e ) o — SR o Sz a7 7 X
ZHACBAEEN CO, 1252 R B, FHEH CO, %
IRETE L R RCRY % fE B FEAMER CO, Tk
JRUE BB CO, SR B AL G K AT R A,
TERT RN S FE R R 2D CO, B AF BRI IK . RIEK
™ S AR O B — AL T A dh e &2
P A FF R, M — PR, &0, KR
TR BEIR T R ARAE ZR, W] LRI CO, B2 R e 3R
FRR L R R e (L 2D b mT DLE I ik
FEPRISO S A, 3 s T [ AR R 25 RS

(=) BRAITH
IR FIEHRTT R %A H RTERIER A RSN 5%

151



RERT SR FinEARAFHEEI AR R K ARRET

) L
@
CiTaN Cozl |
> /. HKERROV) B A FALA
@ l / BIEP— \\\
:f COJFF
" Pl — Eages
Pp 0080 EeR 0O v i ee e e S $99€ ¢80 ¢ e ST T €9
> Y

E2 FERT B EEANITERK

B NS4y o TF R CO, IR B AR BEAT 7= B IR I
Ko BB R CO, TR IR IR B H 1 Py B4 27
Mo fEmE. RIRFREBHRET, CO,2LAHETE
LAFE, SAKMEEAG%E R WM&l
M LB AR — B & N LB K& . X AE
CO, B N—FEAER) T B, &4 R
Z 52 & BEIRE, WBRARIEENZE. W
K3 ATz~ , 1 40~60 MPa (VRN X+, CO,
SINME, HEHEET UK, X0 2% EERE
FHESImEmmdE— By ok, A CO, SR mE 1
SHmeesE. SULFEE, BES CO, M ah R kT
WK, 29K 1/10, X E A CO, S E
BESHKREEFEEUEM. CO, T LLIE K & ft &
TEARARFE IS, R SEEAR I £ 4 @ 45 A% 1 = R
REE. WAL, TRIGUTRRA R f PR, S5k

1200 10°

CO, %) )

1100} //// {10°
& b
P KEE &
@ 1000 - 110* 5
<
= L5 S

900} 10°

CO3h)%
800 L~ . . . 102
40 45 50 55 60
7K JE 58/ MPa

3 7KF0CO, AFERMAF IR A HFIE

152

GEATE RS A KE, 1K CO, PRl A4 A 5 i
) T AEAK A R o 8 S IR i il A SRR A A 7
KBTI ORI, KEL I CO, 75 K i 3% i 5 5
i, PRY HaE & /N0, 7T PR — R bk
INIFIRBE I . e Ah, WA COLTEN XM 5
IR A2 M AR S BUE K G, BHAS T CO, I
KA IRY 8 AR KRR LMK T CO, it 25 XU
g KR A AU o

TEVRIEH XA B, WA CO, LK BV %
Ew T ik, SEEMEHTER NILEE
J&, TERER R0 X T 7. HT Co,5K
SONEAE KSR I TR] R T 2 B, TR S H AR
AT R R B, [ 5 0 B 1) A 45 A% SRR
RN — AN IS Us, BT LUK G A SOAS 2 e 25
RS . BhAh, CO,KAWEMGIRIAEE T e
PEREAE CO 4R T M HE AR . CO,KED
REBELEN X B PR E A7 . W 4 B, ARE K
GIRRE T, CO,KEWITEZ) 400 m /K
R IV PEIR B8 A 2R R AR B TRAE, K EE TN
1050.1~1199.8 kg/m’, A2 MERZKH EV7 50 fif . 1E
" [X 4000~6000 m 7K [ = R PR BT b, 7K B2 AN
mT4°C, CO,LLKEMEARALE, W FamE i
1, KA A7 MR XU /N

(Z) BAREFMH
LT BLDL < B TR 2 R A5 XTI
LTI, AT L B RN SR PR ) .



PETIEME 2025 F $27% H2H)

JE/MPa
0 50 100 150 200 250
1000 [
2000
£ w oL
2 kb s
3000 ﬁ‘\;pf>k
KA R E DX A
4000
5000
— IR —— KA AR E I A

4 COkEMRREM

RERANTERAT APHEERN. ZEBEZT
AR EERS B B . BSAR, ek
ANBR T4 B 0 Sk v BIRCR DL 4 B A%
#2021 S &R A THE, R A AU R N
3256.97 76, P& AR AT T A AT
WEFL . [ 2 A 1878 A S, Hod e oA iz
ERATEEANRE. B BE3ANIIHT
FRAS o DAAE = 3%10° tF1  #55% JE A R 30 4k Ak
B, BT A TE 2691.89 6. Kk, BLA IR
TR I H M RNE Z17E 565.08 T0/t, H & —E %
wAE (LS,

HHT, AKX CO,I A7 H B 7% iAs AR 3L
BRI TEE . PLAL BRAL CO, A N AN Fi
B, o R A RO R BT R SR A
CO, B A UL S BAF AR . AR¥E 2023 4F A~ 15-1
T BB AR IUH A AT A, SR AL
600 7o/t%; PRI H UK B T i B
FIBURF AN, CO, IAE 5 A £E B H5 47 101 B F2 AR \]

5000

4296.14

4000 -

w2
(=
(=3
S

| 2691.89

[33

(=3

(=3

S
T

1000 -

A1 E A % BRI DL/t

TRHERA” HFEREE R
B ;A

5 TREHHHEORAREF 1%

TP RS CEIER . #2023 £ [E Br 700 S0/t Rk
Wb B0, FETRBUR AN IR L, R A7 T
H 1I~F2RLE 298 100 TG0/t

T, BASKE RGAE LI RE S,
FERAETR R NTIA 150 th, FRIEEJLE N 1000 m*/hP7,
W A FHVAS COL AT RAE, WP DASEILARRAE 1 ¢
G526 7.13 tCO, EHAE BRI 20224, R CO,
HECE N 1.16x10"t, LA 4F B 4 4 58 4x10°t 1
HPY, T L) 5.6x10° AT TR . IX LU AR
AV G ERHBUS E R 0.034%, T LLE HIRIEY
DS A B AR R AR 3L FF 8 1B K.

B & R R 5 AF U W, 2
A DRE I B2 M AT B A R R B A R A (I
F2). WRLUEE AR ST EREAAIE TR
S AN B A AR, AT DORE B S A7 0 H AR 4
AR X —0. HAr, RERREEREL N
90~360 Ju/t"", HUCFIIME K 225 To/te (BRI RN Y
WEAFIE 5 BT T, PR GREZ 4
JE@ S5 K% B AE 7,13t CO, B A N 6969.89 75, Fil
T4 1278.08 705 1MAHH 7.13 tiA CO, R 1t f
(1) B A AN Ny 4296.14 76, HE AR R B R MG K B
3951.83 G B CO, A IHF STt i DL ACARAT
RCRIIIN, R SRk AT H (RE A i

R2 FERN SEFRHERANEEREIEE

T H 251 PEL 3%

TRIERY™ UNITBESEX2 BENR 4 EIERMIE RS Wiz
PR E A CO, HEBUIHA ¥ s ROV CO, HilUE 18 CO, #h iy
B I JEH AR AR

153



ISR ST £ R ST M E R HA IR

— .,

(=) TEEXEM

R RAT 595 PR B AR AE TR B rT SEBl
R LB 6) o FRIERAT F ZAR I KR B R
W AP O e P A B, ARG i
SR 2K B DL SE BUR SR o T B AT
PP I 2 R 7K TH AR S 77 CO, 248 i X 3k, @ik
EIEHNE SRR, EROVEBIABE LN ET,
W CO,HEAT B ST Y. W AL 3 4% oA =
E AP QSRR TH B RE 0% R  SCRFIRIERD 1
%5 COEANRGRIMIZIT, W)@ F—EFEsA
IF) F) i s 3B T BE AT T PR RIS A COLVEN, I A]
DASE BRI KA 5 i AR B A I B R A s[RI,
BE ] LUK ROV 28 5 2 & T g .

DRI R VR VI8 W 5 R IR IR 2 & R 45 1% R
F8 B, X X AT 7K IR 4000~6000 m;
T 35 Tl 8 A7 ) 3 3 3 0 52 KT 3000 m (1) 7K 3k
TERE AR, B CO,HERR A f13F 77 X AT I 2 39 0
BAERURY . FEIRIE RN 5l A BRI R
T, ZHE BRI EAAAE R S, T H IR R
RZENPEILFEEN X, X —HE XN
P IR AR SR A TN (A A B RN LS, B
B2 (B A AR R A, AT CASEELAR AR AT = R
FFEME, 3D BER IR 2 AN i i

DRI RN 3 BEAE R 2 B0 X AT BEUR PR, {E
VB ) — MR, A e — [ X e A AR 2
REBAH . SRTAENAR, WEEREAFZ A

FEML 35 %

E b7 ]

K, FFEEMEMERE. ARBEACO &, RHEK
I [E) W OR CO, IR E I, B FERHEREEK
I )RR AN VR0 . SRR, IRIEERY 5
FEBREHFAE A — XSRS, AN B
TIRIR S DU RS PRMR R R
DT AT, a8 A H A (A T PSR S
HAbo

e R B 5 EAF R GE KR F —1Ek-F
&, AMCATCR RS, @ T 2 MR
Z 1B MBS e, AT DL/ b 2 Rl 45 2 AL AL A
o[RS, R4 VR AR B A7 A 5 2K R g
VESCHE, HEE I EREIR RS, W LR RREFE AL
A, BT IR m ARG A BRI R IR o TRIERET
LG HE PR B A 1R Bl R A Ml 34 R RAASE B3 5 AC 2R 4 e
% S ARAE A FIVE L (0 75 R BN R B BRI e, 2
PR PE ARl RS ARk R AR B, T
Pl KA I I =, R Rk 8 A 77,

BARKRE, IRIERY 5 BB BOR IR A
J7 AERMATEDS T, R EORI AL . B
WA MBS SCRE ;s R RIVED I, SO BEmk. 23k
RIS 8] i m] DASR s AR R s AR B 1y
I, JEE AR R M5 ETEL £
SRR A T AL AT A [R5 I8 R AR A7 R S
DLEA, HEZh AT RFE R R ZR (A R DRI G

M. R SHFNREARLZRSE
NPT i, BRIERAT 55 T AT B0 1 R Jie i

i ] e 5

7K I4~6 km

ERTFE S
P

— AR

DAL BEYR A R AN
I/ GEHIRIR B

K7
U R B AN
[EE GO (S

Elo RERT SEEENHEIELLE

154



PETIEME 2025 F $27% H2H)

TRIERA BB AP B B AR

b ibeysil BARZ# TR
B BIHT 5 R BRSNS 5 4 B8 AR PR A
S BECOME N FORIER. RABREN 1 N ANAUEIR R 5 REE T2
fEFHLEL, TFRRBERAR L RIE ek,
CO KGR 3] ) 2 e, LR BUE KRS ,
BiA, TR 7418 T CO, SRR A4
M B EFERSEH HENEA, B AT,
FIECOfiiiz 517, CO, TR7K T LA A K 4k FlALHE)™
FoAt BARG %%

E7 RERT SHBHEHORARLRER

By LB AN AL . RPN L . TR
JSE Y DA ¥ B o, FE ORI BRI 0 A AR A B A7 L
HIIF TR ARG TR H & 2 ThREM A RERA 3
#5 CO, R IE RS0 IR S PR M 5 S 15
ThRe WA RPEARA R ft g iR, 2
BN IR U6 E . 7R VT H 2 B AR AR SR A
BD SEOEARMAL 5 BRACHE T, SR (O iR Bk
(IR SR TT R AR BESCHE . VRIEERAT 5Bk E7 104
AR JETT I BARIR

(=) RBU RN EREEHFRA G RHEER

IREE KA R BRIEER T R G A, RTH
RS2 & R AR AR RCR B B AE 1, SRR
FEEITR G KRB A R R 2 AR
Jii5 CO, M EAF RN 05 T, 4R IR &R 58
AR, SR GORERYT U FI R B A (= 2 (R PEsh
PEMVERR 7k JT R IRMERR B A7 X PR P 5h 5 H 5
T TEPPAL, EAZMEIN AR GE, I ARG, fR
HRIXT SRS SR TR A L FE RS
(¥ s CO, iz 547, o GARIE R G- #53 CO,
TFR A5 % S COMRFTTMERA™ R ik 7 (AR
TERBr B AR R BRI EOR s TT e
2 AT R BAF BRI B R i 70 M, R TR
B BARIERG KT, REEH 24, Wik, W RSt
R o

(Z) RERU SHEHEHEIRRE
BEXTHERIERA 5B A U AR 4, B
i LR ARSI R AL 5 BB A B A Ml 2

# U, ORI 2 DR R RER 4, N
WK AW BRALYHE— BT R s R %
BIE 4 SRR AT A R HEAT 7 s e COL T N3¢
o RBEAR/K CO, e EHE RERA, B m AR
SEHHIE RSt B AH R COM IR 4. JEH
LR AV T S8 P B8 PR, DI AT JE P b e 2
it ulit, WA RE T, SER R AR 4
TINSEA 7K 2 2 ) S S e I A, i B
TP SR, B RELARE B AT . THRIRIER S
CCUS 3 &tk 2 ILMERE 0y, FFAE IR e 2 % A
A AL A Re . SEBL kAL, #A R
SCRARZR AN 4T 4 THAR T 5 A7 5 R 13 R
BARIKFH R HBE ST SELCO,Hinik 5 R 1R
B REAT, I RGN BEERCR 5iar R sE
Yo N EARTEN TR, RREIEEARK M
REAL N TR AR, TR B A7 5 R AT b b R Je
RACATEE BRI

(=) FBRY SRBEREAINRIGIEFF N 45

MFAR

BEXRHARME KA G5 e, AT T CO, St
WETEREAR . K EVI AL A B, X
5 DRIERT T R T 58 SRBUM IR IR B 7 BOR
N EVRIED IR I EDR BEEOR o BRI A S
T S R, PR ZHSHEE RN BOR,
SCH RIS 1 A TR . T R R A 5 Bkt
IS A, SRS IR Ty I, 4567
IR AR G RBIEEOR, eI sl
W R, WM. TFRE R 6 &k ER S

155



RERT SR FinEARAFHEEI AR R K ARRET

PELAASWT R TH DK s FER BT AR 0L 0 5
I, Bedds 5HEMNET 5, TTRKELNIRS
55 EBRARAERIE ; JT AR DX PSR 52 A AR
WHFL, AWre B BORE R i€ & 3 B T R
VN s XTI B R, ST I T A AR
W TR EBATHE s A RIR B EOR 504
Jri . R HESN BN B &AL, IF kAL 3
I R ST AR R DA BOR SR S, B
HESIRIEE B A7 5 WIOTT R IORL A 2a, Wi
K, AWHRTTHEPRTEF 7.

(M) RGRA SHEEF I ER e MHA

Bl G R i KA 5 90 T T A7 B 170 e A 3238 3
TR, DY TS L. TR IR AR 2 2
B S N ARG, G S S I R Y B AL
#l, KB mEAA TR TR ER T S50 &6
TR PR SRR b e A R AL, T T A A Tt U
DR B S 1 O, O I B 2 i N R G PR Bl
PTG . WA ER BRI PPl , S BAF KU
DR B AR L, AR DR B S A R K %
SRR ARk I m, M
AR, VPR TE , 5838 U5 ik R s
BRiATT s FEIRIEBR B A7 75 07 W, B S TR
AR R SR, PRV N R E bR A1 4
RV FEIEER T, el R @R, EdR
B9 UEIFHE . H I fE SR BORE R Ty, AR
Mg R RS I FCR, TR IR, 3
i 5 AR 5% AR vHE R

(R) B HHIASEFRBRAREMZT

ERARE R 55 T 5 A7 B B ARAT JR AN A 7 4
RERAL, & EEH SEM A 5 7 LR AR, g
WRAZ 5y BRI ATt B A & o IRIERY
BRGBB ARG H UL “BREAABE N
b Hix, @ et R S EE, TR
K R PR B ARG OE,  IFRYE B A7 b
BAEW S LT 5 AR ILAE B
PR R, MR AV RE 08 AR BRAFBUR A | SEE
P, BEARAE 7 RAS, Fe 4R mAE . (R B2 Al
£, IR B AL, ARSI ol fE
i £ A TRV Bl N OB 117 37 o AR L AR BRI, 3t
— BRI

156

I HEBERERET SHREFESLTEL RS
2

(—) BEfRgmlER, SINGFREEEMRS

S PR SRR 7 SRR L e 7 EOR DA
RN, AR O EAR BTN 51 kT2
LA IER SR OB, 2 RIEY setk giilg b A
B, (RHRIESORBEMIE R S %, BIEHLHT
R AEGRHET 7 BLIOT R U R 3 . SR A
FRCR I G, $RTHEORSE % B 2 a5FK
-, A ERTEAL G I AU CCUS 2 4%« R MHAA
KIS 7K RIE R AR ER A 5 R e o
TP AR 5T, 3T I8 A R &l
BEPIIR, SRl PR R AR IR T R S B AR A
FLNIPS: SR LV

(D) MREERAR, ) “FER S1F

R RN 5 0k A BRI e 2 A8, il
LR SR e TR, HE3hE ER
RHE RN 5 kB A0 L B B v, (2 k8 2 R
GE, B — A RIS DL Ak B AR R R
F RN R R T R B SR A ok T
%o IEERETEE . m R AR SR, WLl
IR B AL 2 DI 25, SCHR B % A8 Y Al
BRI I A e, HE B AR BT A A
WA AR . BCRILEM A R TR, oo
FARB D, R RS B A R EOR
M

(=) RIS RIERR

A TAE AN s 0 H RS ERIE R 5 BB A7
BRI R SRR SCBEP TR, I8 I IX LT H W] LA IE
BRI R, RRLEREL, I e S a0 R
S IR AR SCREANCAL T 1) o BB 7S Vi AR A R
B, AE RTINS AT e, AR LRI 3R A
B S i, AR R 7 SE BRI S 8, i
BEBRAERAEIF PRI AR, R A IR KB 45 2
AP R K RIH 5, Eaa kB,
TR R T, B BT AR SR UL FH
HNBERBIE S « AT AL SR BEEOR S % Al
SCFF o



PETIEME 2025 F $27% H2H)

(M) BRE~AUUERRE, BRHIALER

R SE BRI R SRR A7 ™ B, B i
#ofilig . BORMRSS ORI Bk ST,
AW LB, PR, SRTHBARER
SPr e RR . SRl AT R BOR T L AL, IR
AT e M 2 a8 1T A 3l BEAS T3 ) 5C
FRIR G B 2 B8, MR RORIT RIS &k 77, Ik
BORBP M ACHERE o ] 5 A B AT MU AR HERT$5 A KL
Vi, HESHRIE R S A R IR AL . BB
A RTPBLE IOAT EAE EAT AT R, AR A R
&, REmigEsIl.

il 28 M 527 AR
AR A BE T W 2 () ANTEAE AT A 2 o R s 55 28

Received date: December 24, 2024; Revised date: January 16, 2025
Corresponding author: Chen Xuguang is a professor from the College
of Engineering, Ocean University of China. His major research field is
ocean engineering. E-mail: chenxuguang1984ouc@163.com

Funding project: National Natural Science Fund Project (52225107,
U1906234); Chinese Academy of Engineering project “Research on the
Development Strategy of Underwater Engineering Technology Equipment
and Industry Chain” (2023-XZ-32); National Key R&D Program of China
(2021YFC2801503)

Sk

(11 EEZ, mEEa, B, & R BRI R e & PR &R
T [3]. HE LRERNE, 2023, 25(3): 1-12.
Wang G R, Huang Z Q, Zhou S W, et al. Current status and de-
velopment direction of deep-sea mineral resource exploitation
equipment [J]. Strategic Study of CAE, 2023, 25(3): 1-12.

[21  EEZE, S, s, 5 EEER A0 T B 1B
GO EMAE (7], E LR, 2024, 26(4): 245-258.
Wang G R, Huang Z Q, Zhou S W, et al. Proposal for low-carbon
transformation of decommissioned offshore oil and gas platforms
in China [J]. Strategic Study of CAE, 2024, 26(4): 245-258.

[3]  BRIDG, s, /R, S5 IR KR HOR B 25 AT 5T [1].
o E TR, 2024, 26(2): 1-14.
Chen X G, Kou H L, Niu X D, et al. Development of deep-sea un-
derwater technology and equipment [J]. Strategic Study of CAE,
2024, 26(2): 1-14.

[4]  REMELE, QD25 RIERT HOR 53 & W SR I K R ST R4
B [0 HUCT R4, 2023, 59(20): 325-337.
Kang Y J, Liu S J. Review on the technology and equipment prog-
ress and the system scheme of deep-sea mining [J]. Journal of Me-
chanical Engineering, 2023, 59(20): 325-337.

[51 AW, XK, BRI, FREEIRICAC S BOR, 9 R 3
[7]. FERMER BT, 2024, 39(3): 519-527.
Dong J M, Liu Z F, Chen L M. Trading policy, practice and pros-

pect on marine carbon sequestration in China [J]. Bulletin of Chi-

(e

(7

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

nese Academy of Sciences, 2024, 39(3): 519-527.

TR, A, B, 4 1 CCS/CCUS HARBE R 54047 [3]. A
AL R FH, 2024, 43(10): 4-8.

Wang K, Huang J, Chen Z, et al. Progress and analysis of offshore
CCS/CCUS technology [J]. Petrochemical Industry Application,
2024, 43(10): 4-8.

DR ERHEED ™ SR T R EOR R & R SR MESL (0], )@ ik
B4 TR, 2015, 43(4): 58-60.

General situation of international deep-sea mineral resources de-
velopment technology and equipment development [J]. Metal Ma-
terials and Metallurgy Engineering, 2015, 43(4): 58-60.

ol Bpfind, #hEAE, 4. E BRI ™ B IR 5 T R 1
ARIARE R 1], HE(5 ., 2021, 36(2): 28-32.

Tian X D, Yang J K, Han C H, et al. The progress and prospects
of deep-sea mineral resources exploration and exploitation [J].
Marine Information, 2021, 36(2): 28-32.

W, BRI 2R, 2205, & BT K 3R SR R 4
PRI RA M AR BT AT [J]. MR TFE, 2019, 41(1): 23-27, 33.
Yang G S, Chen D D, Li W H, et al. Study on the overall design
of deep-sea mining vessel based on pipeline hydraulic lifting min-
ing system [J]. Ship Engineering, 2019, 41(1): 23-27, 33.

Cheng Y R, Dai Y, Zhang Y Y, et al. Status and prospects of the
development of deep-sea polymetallic nodule-collecting technol-
ogy [J]. Sustainability, 2023, 15(5): 4572.

o L AT RE R R T TR BRI R BOR S Lol R bl 42,
KIPH W TERE. T 17 2035 45 (1 o D7 BHE T R LR
BOR K R BR 2G B [M). A3 o [ AR 5 R e W 9 2 B2 U
TFRBAR ST R &, KT R Uk, 2024.

Ocean Resources Development Technology and Equipment Pro-
fessional Committee of Chinese Society for Sustainable Develop-
ment, China Research Institution of Mining and Metallurgy Co.,
Ltd. Roadmap for the development and utilization technology of
deep-sea mineral resources in China [M]. Beijing: Ocean Re-
sources Development Technology and Equipment Professional
Committee of Chinese Society for Sustainable Development,
China Research Institution of Mining and Metallurgy Co., Ltd.,
2024.

AT, FMERE, PNET, A5 IRERIED = SR A D BRI 5T
PR G R[], e RV TR K 222441k, 2023, 44(5): 708-716.
Zou L, Sun J Z, Sun Z, et al. Deep-sea mining core technology in
China: Current situation and prospects [J]. Journal of Harbin Engi-
neering University, 2023, 44(5): 708-716.

I, R, BT, A5 JE GO BRI R R A BRI
R5 R (0], F E LRERNE, 2020, 22(6): 1-9.

Yang J M, Liu L, Lyu H N, et al. Deep-sea mining equipment in
China: Current status and prospect [J]. Strategic Study of CAE,
2020, 22(6): 1-9.

BAKF, EIRBH, T30 R, SRR R R A S ORI
PRICAHT (7). JHEaR 253, 2024, 49(8): 3316-3334.

Jin Y P, Dong X Y, Wan B, et al. Research status and analysis of
deep-sea metal mining equipment and technologies [J]. Journal of
China Coal Society, 2024, 49(8): 3316-3334.

Huijbregts M A J, Steinmann Z J N, Elshout P M F, et al.

ReCiPe2016: A harmonised life cycle impact assessment method

157



RERT SR FinEARAFHEEI AR R K ARRET

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

158

at midpoint and endpoint level [J]. The International Journal of
Life Cycle Assessment, 2017, 22(2): 138-147.

Heinrich L, Koschinsky A, Markus T, et al. Quantifying the fuel
consumption, greenhouse gas emissions and air pollution of a po-
tential commercial manganese nodule mining operation [J]. Ma-
rine Policy, 2020, 114: 103678.

Ramboll I M S. Analysis of the economic benefits of developing
commercial deep sea mining operations in regions where Ger-
many has exploration licences of the international seabed author-
ity, as well as compilation and evaluation of implementation op-
tions with a focus on the performance of a pilot mining test [R].
Hamburg: Hamburg Institute of International Economics, 2016.
AR, (S EHE, 2 0k, 55, WA CO, SR 5 7K S TR AR AL
G [R]. EEPR: 25 =+ = m A E K3 S 0k £, 2022.
He LY, Fu S H, Luo Y Y, et al. Comparative analysis of phase
change characteristics of liquid CO, jet and water jet [R]. Chongg-
ing: The 33rd National Symposium on Hydrodynamics, 2022.

JE SR, BRI, R, . CO, I 1 I8 25 5 i AR 4R
F [J]. RERR T, 2024, 44(4): 1-10, 199.

Zhou S W, Li Q P, Zhu J L, et al. Consideration on CO, marine
storage and exploration of new paths [J]. Natural Gas Industry,
2024, 44(4): 1-10, 199.

LuoJ S, Xie Y C, Hou M Z, et al. Advances in subsea carbon diox-
ide utilization and storage [J]. Energy Reviews, 2023, 2(1): 100016.
Furre A K, Eiken O, Alnes H, et al. 20 years of monitoring CO,-
injection at Sleipner [J]. Energy Procedia, 2017, 114: 3916-3926.
Baklid A, Korbol R, Owren G. Sleipner vest CO, disposal, CO,
injection into a shallow underground aquifer [R]. Denver: SPE
Annual Technical Conference and Exhibition, 1996.

Xinhua. China’s first million-ton offshore carbon capture and
storage project goes into operation [EB/OL]. (2023-06-01)[2024-
07-01]. https://english.www.gov.cn/news/202306/01/content
WS647822e3c6d0868f4e8dc8d6.html.

Hua X. China focus: China achieves breakthrough as million-
tonne offshore carbon storage project begins operations [EB/OL].
(2023-06-02)[2024-06-11]. https://english.news.cn/20230602/b3a
be474eb164449alc4dbb2bde3c576/c.html.

W0, wr i, YRR R, 55 W LN CO, B AF HOR J7 v 4%
iR [1]. HUFR B TE, 2023, 69(4): 1449—1464.

Liu B, Gao S, Xu Z Q, et al. A review of CO, sequestration tech-
nology by direct injection in the ocean [J]. Geological Review,
2023, 69(4): 1449-1464.

Sval’nov V N, Alekseeva T N. Characteristics of the grain-size
composition of deep-water oceanic sediments [J]. Lithology and
Mineral Resources, 2006, 41(3): 201-214.

Tabata S. The general circulation of the Pacific Ocean and a brief
account of the oceanographic structure of the North Pacific Ocean
part [—Circulation and volume transports [J]. Atmosphere, 1975,
13(4): 133-168.

IR, WM, 52, 4. BREAEBORBE T (7). o B R
HuJ5, 2023, 35(6): 44-50.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Yang L H, Shi Z M, Wu M, et al. Research progress of carbon se-
questration [J]. Coal Geology of China, 2023, 35(6): 44-50.
Nasr-Azadani M M, Meiburg E. Turbidity currents interacting
with three-dimensional seafloor topography [J]. Journal of Fluid
Mechanics, 2014, 745: 409-443.

Wang H Z, Li G S, Tian S C, et al. Flow field simulation of super-
critical carbon dioxide jet: Comparison and sensitivity analysis
[J]. Journal of Hydrodynamics, 2015, 27(2): 210-215.

Teng H, Yamasaki A, Shindo Y. Effect of hydrates on instability of
liquid CO, jets in the deep ocean [J]. Energy, 1997, 22(2/3): 273-278.
Deepak C R, Ramji S, Ramesh N R, et al. Development and
testing of underwater mining systems for long term operations using
flexible riser concept [R]. Lisbon: the Seventh ISOPE Ocean Min-
ing Symposium, 2007.

GuY H, Liu X J, LiY, et al. Feasibility analysis of liquid CO, in-
jection and sequestration as hydrates in South China Sea marine
sediments over 100 years [J]. Applied Energy, 2025, 380: 125068.
TAIRSE. BN BT R I BOR 25 73 r—— AR R
PRI 2 & R A TR ) D], BT B IR (WL i
), 2021.

Bian L Y. Techno-economic analysis on exploitation of deep-sea
mineral resources—Taking the exploitation of polymetallic nod-
ules in Peng Lin basin of south Pacific as an example [D]. Xia-
men: Xiamen University (Master’s thesis), 2021.

55 A R AR TR BB R [N]. R H 3k, 2023-07-
03(08).

He L. Capture carbon dioxide under the underwater “giant bowl”
[N]. Science and Technology Daily, 2023-07-03(08).

P, HRER, U, IR Z EBASRIT R R AR KSR
& [1]. fFAA, 2024, 35(6): 1-14.

Fei L, Zheng C R, Jin Q, et al. Overview of the development of
equipment and technology for deep-sea polymetallic nodule min-
ing [J]. Ship & Boat, 2024, 35(6): 1-14.

WAL AT RE P 2. PRAR R 57 R I AR SRR
1 [EB/OL]. (2024-08-28)[2025-01-13]. https://mp. weixin. qq. com/
s? _ biz=MzIzMDEzNjgIMQ== &mid=2247569664&idx=5&sn=
0ee3d72740c36f0113425a65174a4a7e&chksm=e8bb9c7cdfccl56a
73d171de02b37436b03aa7e0a5518al34ec5bS1f26efbaaf495e5a8d
801c&scene=27.

Hebei Energy Conservation Association. A brief discussion on car-
bon dioxide capture, utilization, and storage under the background
of “dual carbon” [EB/OL]. (2024-08-28)[2025-01-13]. https://mp.
weixin.qq.com/s?__biz=MzIzMDEzNjgI MQ==&mid=22475696
64&idx=5&sn=0ee3d72740c36f01f3425a65174a4a7e&chksm=e8
bb9c7cdfecc156a73d171de02b37436b03aa7e0a5518al34ecSb5112
6etbaafd95e5a8d801c&scene=27.

TRV, i, K S, & T EAGBRIEEVE S AE R EOR AT ST
IR (7). HEEERLSE, 2024, 48(4): 108-121.

Zhang H B, Lu D, Wang Y C, et al. Technology and research prog-
ress with regard to CO, ocean storage [J]. Marine Sciences, 2024,
48(4): 108-121.



