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Amnn,

20245916 BILRKHR
FELHIE ERRSERT

e bRyt MBEREREEM Y. RIS EFRITFIHIN " SHMCCSIRE.
ZIREEFSEIART, iHSEERMEF150nM-SAK, FERITHF1ZmHK.

20

-—— ==



g ENEEERER. FIASHFRE

L\JLﬁl I'he Fourth Offshore Carbon Capture, Utilization and Storage Forum

15 AR o B H R 25 B AL xR B A 2 0 1
®E B R
B AR PE IR e BT BT

AFEFRNEA TURFFHARBAR R, A ELRBEN T RO AEHT T BB
Br. WERHIE L, RERECICRRBNBRIE, B2, KERIKE T 7E R RACT T A AR
ARG T H LA . BY AURORA #4037 3T R B, AR A RET T MR &0 T 40T 5L B # H
B E RN, fEs— PR T A SR RN E AR SRR R A RE
KK, ARABEFETHAAFAEE ZRMNASR, URBCARIFFE THEAER. REERR, EL2RAEL
AT ET, RN AR BER ARG TR, LA ERORENERISEE L.

KRR A 1 -~

@ Ship positioned up @ ROV descends to At the seafloor, ROV @ ROV remains at vent ROV returns to TMS for
ice from vent field seafloor as ship drifts separates from TMS and field while ship and recovery back to the
and ROV is deployed towards target flies to target TMS continue to drift ship
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2.2 ARAMBE KA KT IRT HHFRAHE R L CO,
BRE #&
i IT K %

SR BT HE A H CO, b A E B R BN IT T0%, KEHAMBEREMER, AN EE XA 6
BEEBAMT. Wk, RREEGES L. XLBRERE R L AHR)> 04 TEEBX, F L&A HA
FE AN F IR A T CO, - — A 7R B9 IR S F B, AR E W IR % E AR B K 5 A K
LK CO, FE T B RE, EREOK CO MM AER S0%. PEEXER, §ERE NaCl tyzhi
KN, BARNBHEAANTARELFRY Ca0, HXEEFEEEET. RAME. WREFE. BUAH
B fh A, AR A BB R #AT CO, H47 . B A, LI AR LR 5 09 X A T 48 1 1 ol JE (8. 2-10. 4).
FeiZ o JEE A, Cal BYIZ H#E R BT Ca(ON),, FETREY CaO R HEEH T Ca RH M E, B IR T
. Fiz ol SEE W, Mg (O, VLR ERML L8 T CaCO A& R R R A, 7 EERTELR
BIREAMTEFTEE R, THEHK, LAARRFE. 705 BRI ol A&Es 7RI
VR, W BIR R AT 4B A 5 T DL AT B DR R, OF 3 1R S A RO DR (R A HE AR
WAL pCO,, EIRRA . BRF WA AR, EEEREET, FURAREER 0 AT B 2
e AT LHAF CO, 077 %, WHRE GEAWRIE ILEAR, AAE NAKE K& .

I 02 MHL#| Reaction mechanism ;‘#U’-J:;!?

uuuuuuuuuuuuuuuuu

(12 pH > 12

. CaO —— Ca(OH),|
% 104

Ca(OH), affRZE(EFCal
\ (3ZiR40%)

136 g/I
0 15 30 45 60 75 90 105 120 BRI R
Time (min)

SERpHEE (~10.0,~12.4)

X Gilesetal, 1993
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AREHEG. RERT RUARE R EKABEER. ENEAITAELE A R4 L
RABF oM MR, 2R AEKEZE, TAEIRIEURT RIS, 2EFERIEAEEREK. K
mESRRE. ATHRE A ENMERANTHERTHTT AR, MEKEE. CO,FENE R fulds
i BRHE R AR VR B W R ETENEREREANEHEREE, BYANREE. HENE
F LK B L5 A R TR E ST L X B PR N O 6 60T R . AR X3 B AL IR e i R A DL
B A B R AR AR TR MR BAT LT, AfFRTE TR LR B ELRMEE
£ DUBCHENIR o Xt AT E R B A8 S R AL . B0 3 A B R AR T DL R AR e A B IR A TR AL A
B EATER, ER RE AR AR R A kA S AR R R . A, REWMAT T E
KEW COMPHAH = TNHATHE. 2 ANERL v EF LRI, (B2 %R 8 &0 R fo ok 5%
Fr 5K B GE H Bt e RT3/ T 52056 B RN, VT 65 B sh AT 02 o AL sh AN B, AT B 3
MEATEEAAIBAHERAR, ARETLRH RIS R ARARD LRIRE.
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2. 6 Molecular-Scale Insights into Nanoconfined Water-CO; Interactions in Geological CO; Storage and
Utilization

EUR GRS R

FEKFE

Within shale nanopores, nanoconfined water could aggregate in the form of “water film” and “water bridge”,
which has significant impacts on hydrocarbon recovery and CO; storage, and is controlled by the nanopores
substrate factors, including nanopore types, nanopore sizes, water molecule concentrations. However, a large
amount of CO: fluid will be injected during the geological CO> storage, but its impact on the nanoconfined water
aggregation morphology has not been deeply revealed. Here, typical water film (10 vol%) and water bridge (30
vol%) scenarios in nanopores are determined. The water/n-octane/CO; systems are constructed in water film and
water bridge scenarios respectively, and the CO2 molecules are gradually increased (meaning that n-octane is
gradually decreased) to investigate nanoconfined water-CO> interactions as well as the hydrocarbon recovery and
geological CO; storage in nanopores. Our results confirm the competitive adsorptions of nanoconfined water and
CO; reduce the adsorbed water amount and derive the new water bridge with CO» additions, either in water film
(75.50 mol.% CO.) or water bridge (5.85 mol.% COy) scenarios. Such a phenomenon indicates the substrate
surface shifts from water-wet to partially CO>-wet, with lower fluid molecule diffusions and illite-water-CO>
sandwich-structured adsorption layer. The above changes will affect hydrocarbon recovery and CO; storage from
different perspectives. Overall, our work investigates the mechanism of CO; effects on distributions and
aggregations of nanoconfined water molecules in nanopores, which also provides molecular-scale insights into

the nanoconfined water-CO; interactions in the processes of geological CO; storage and utilization.

HRTE
o WKFLRRIEE

(a) i 5.1930 nm
le

e

% Sample atom¢ X4 y* z
2 K< 0.0000 0.5000¢ 0.5000<
a . = Al 0.5000¢ 0.1667+ 0.0000¢
L_ 8 Si¢ 0.4191¢ 0.3280- 0.2688¢
: 3 01 0.3487¢ 03100+ 0.1063¢
02 0.4984¢ 0.5000¢ 0.3131¢
03 0.6715¢ 0.2246¢ 0.3350¢
OH: 04191 0.0000- 0.1006<
%R (FRIE (KISiAll(AI,)O,(OH),) RS
R~ : 5.1930 nmx1.7988 nmx5 nm a=5193A b=8994A, C=10.204A,
7i4: ClayFF a=90° B=101.77° y=90°

Cygan et al. The Journal of Physical Chemistry (2003)
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2.7 R A aR B 4G B A REAT B 7 A2 b BB 4 B 0 B X
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Vi 7 3 I R R BR AT S P A BT £ B KR C0,, X —HuERAh S RO R R KR CORE I £
S MR RRALE . S e AR BRAT VAR (AWL) , X — 3 R AR EE 7 iR T LUK CO, DA HCO, % X7 g %
Pl B, A R KA DA 3 SR HE B AT IR IR A, W wT 2 SRR K T R Y R
TR ARG ERAD I ARNRE T EERERNEGNA ., AAXETERERNER, BT
Fxti i E L BRI R T £, B EMEFERE L SRS 3R, IR B E A
35 4 P IM02050 R HEAR I, 38 I A RE b R B RO 28 Ui An MR S Bk T RO 2 A b AR R
o, T ERSOBHERNRM T FE. SREENERET, FEZTEBEARAFTHTF 10 F2
B, WRBE S BRI EA<L 4%, AR CO,META 6. 3, # 2 E ez 4 4t T B ARk
EH AR ERK.

Surface ApH, Year 1 _

Surface AAlk (umol-kg™), Year 1 ,, Surface ADIC (zmol -kg™), Year 1

)

Surface ApH, Year 5

Y

h

Surface ApH, Year 10

0
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2.8 KEWEHEEELFEARKEZS T CO, b F B AR 0 E N A X
I B R
o I B B 7 b A A IR R K B

KT AT E CO, B IRBE B BE B A A CO/NRAARTT A E T 100° CHAK,
AWk AR R A, BR T RLR B LR AR #E | SDS 4, R ITHT B AT — M AL BRI L-Met.
R bt ot 1 R0 20 0 7 T T AR R IE A T A ELARSE R M, AR 9T 8 3 R L 1 RORL 48 9 T Bk R N 110°
C#y 640ml 2 160ml 2hAK K AEMNA BRI 7 ik, HRA/BREMER. BAKEWH KRB HE, it
FREELEF B RS ALE HAT R EA . . ERERER: RE A 0.1 wt. %Ay SDS. L-Met FILH W
kTR AR #EBE 7 B 5, {2 SDS i A F 0. lom FLAAY 3k, L-Met &4 0. 8mm #y; L-Met &R (R FE1E
JFSe Bl % SDS #y /N, T L-Met B FARIAA AW RE KA, T SDS WEATBERK, & FRAKENH
AMEEKAER L-Met WR KRR T, RAH KRG KEMINE 2B HHOR, TEH SDS A& KK &
Vi A& ZHAH RSN, YFRAAFHERAGENIRE R0, FAAELANKESERE 2R KE
By R RLR H IR . AR A KKK BRE AT CO, M 7 miR A e 5 LI $E
[ =

t
0.1 min 24 min 48 min 120 min 180 min 600 min
Solution

(a) s . .‘QOE hydrate
Pure water - 2
0.1 mm

(b)
Pure water
0.8 mm

(c)

Csps=0.1 Wt%
0.1 mm

(d)
Csps=1.0 Wt%

0.8 mm h —_— w '

ﬂ—éDS foaming

(e)

C; net=0.1 Wt%
0.1 mm

®

Crme=1.0 Wt%
0.1 mm

-



g ENEBFRER. MASHFRE

LNJLS] | The Fourth Offshore Carbon Capture, Utilization and Storage Forum

3EM—: R COL,BHEREFMEELSHEA
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CO, 3% fb R (CO,~EOR) T E Z#y CCUS BUR, Zedk A i Rk = iy 7] i ] DL AT 8K 3 47 B 77 L3
REAEAT. AR, CORMBAREGHRREE KR CO,MEFHT, EXRERS RN
w/NRAES (MMP) B, R$l TR ZNA. AxizEA, KFREEEhfoy T o038, F R
REEMA 5B REA CO- R R RANE. BLEHEEE PVT L7 T CEEK CO,- ik & MMP &
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3.2 R —ANRBENESFHEFEFE
ZEWH W
KER P KF

—FULFAAH (C0, hydrate) B —MHE/ MO —ANERELHERA, SASTEEETE
BRI, —ANBASMERE MY R A H ARG S A S AR, BN, 3
NTARRLE S SR = RS A YR K A RO . ATE, R A R
TR AR e AT IR T B I 5 8 A R CO, A A K o, R
K 3 1R R A AR BT A AR TR CO, A & KA RHAT T A it b, 3
BB AT 50 12 HBUr A 6 B 5 5 SR A AT T Bk, BRAM, AR WS ARE T
SERBATHRE, NPT ARBASMNRELL, AFHEART. SAAFRIEAR
N T AR TR - AR SMM K. A, EEREEL, BEASTTUS 0, 2TX
Bl B ANk, 1B S A BA L RS A K, TRAA T RE NN TREE S 5 A
R, AT CO, KA K. WTA ALY, FARE BT — A BAS LN
R, TACH H 8 B U (R 3 T A A BT R S8 R T A6 B 2 T A M 7 s B 0,38
BTEEHS.

Mechanistic studies

by simulation
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3.3 BEERAKRSAME T — Ay %5 &M
Bx%
FEBRASE (RX)

REELGHE (CCS) Z—MAAM R LIAK M. £ CCS LHME R T, HAE—AMK (€O, )
TENARETHERS T RABEMAT AR R, R, & RE 0 FTER R F AR o 5k 4 3L A%
A, WA T HEEENHRILGERME. ERFRF, ROERTEAREN KL (ZE342 r<2m)
WEhm BIREHPEEMR, B TEMNEMNT 0. 2T ENKZ LML F | RfRE. ¥ #
PeAni B A, JFRAR T PN KIK: C0. 2T HIESE R R AL TS KR fa AR WA LK,
WERE AR BN AR 3G CO. B T EEBAHARI. MELREHEKR, §#AHE
de, TR EEER Y. R GEERML, IMARENKEZANE RN RAE EEEEAX.
AR A AN AN T AR ARG R R, A B TRATEMM T R LTI C0. HERDTAT
K> FHNENCCS TEMEES)TEENEEFHERATLRMETHNE

(A) Kaolinite matrix with interconnected nanopores (B) CO, distance to kaolinite surfaces
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(C) CO, diffusion in clay matrix
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At B S E W RARE ARG KRBT RAT, B RO T 12 K S8 B AR
%, R TARNFNT . BAAEAKBEFMHENFR, 6T HEA AR HFHETE. X
K, R THEBERE NN =FMEAKEREN X HEHE. KETHPpESHERE. FREHRT,
BT T AR ERKEFHEIBTAR MG ANZRME, AEFREIERGTEL . &
JG, Atxt AR I F TR E REURE S ARITAR, IR TRRESNAE, ®RE THEAR, Ak
REF CCS TUE Bit. LlmENRETEZNSEER, A THRAIX —BREG) ZNH. AR
AEFEHR N AME I F RO T HORE, A EEHERNE A LT B AR

TSR R MR BAR R
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SAMETFER A EaEE
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Stress corrosion cracking

+ Kaiyang Li, Yimin Zeng*. Advancing the mechanistic understanding of corrosion in supercritical CO, with H,O
and O, impurities. Corrosion Science. 2023:213:110981.

+ Kaiyang Li, Yimin Zeng*, Jingli Luo*. Influence of H,S on the general corrosion and sulfide stress cracking of
pipelines steels for supercritical CO, transportation. Corrosion Science. 2021;190:109639.

+ Kaiyang Li, Yimin Zeng*. Long-term Corrosion and Stress Corrosion Cracking of X65 Steel in H,O-saturated
Supercritical CO, with SO, and O, Impurities. Construction and Building Materials. 2023:362:129746.

+ Zeng Yimin*, Li Kaiyang. Influence of SO, on the corrosion and stress corrosion cracking susceptibility of
supercritical CO, transportation pipelines. Corrosion Science. 2020;165:108404,

+ Li Kaiyang, Han Xue, Zeng Yimin*. Effect of Cr on Corrosion Performance of Steels in Supercritical CO,
Environments. AMPP-2022-18049. AMPP 2022.

+ Li Kaiyang, Zeng Yimin*. Corrosion Behaviors of Carbon Steels and Cr-Bearing Steels in Supercritical CO,.
PR-280-002-2021. Steel Properties & Applications Conference.

» Li Kaiyang, Zeng Yimin*, Luo Jingli. Effect of Impurity SO, on Corrosion and Stress Corrosion Cracking of
X65 Steel in Supercritical CO, Streams. CORROSION 2019.

+ Zeng Yimin*, Li Kaiyang, Luo Jingli, Arafin Muhammad. Impacts of Impurities on Corrosion of Supercritical
CO, Transportation Pipeline Steels, CORROSION 2018. (Highlighted by Materials Performance Magazine)
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Fig. 5. Spatial distribution of surface micro- (a), nano- (b), pico- (¢}, and total- (d) SV in the surveyed area.
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Circadian clocks exist in all types of organisms and coordinate key biological processes, e.g. photosynthesis
in phytoplankton (microalgae) and land plants. We asked whether a circadian rhythm sustains in phytoplankton
when living under constant illumination without environmental cues. Here, we report the first transcriptomic
architecture of persistent oscillatory gene expression in the model marine diatom, Phaeodactylum tricornutum
living under constant illumination and temperature without environmental cues. We show that cyclic expression
of a considerable number of genes involved in light harvesting and carbon fixation sustained after 24 hours of
constant illumination, which could pose additional constraints on cell growth under constant light conditions.
Over long-term adaptation to constant illumination (free-running conditions), the majority of the rhythmic genes
identified under diel light conditions lose their oscillatory expression in the absence of external entrainers, and
the genes potentially controlled by persistent circadian clocks are primarily involved in transcriptional regulation
and cell division. We find constant illumination leads to an increased average expression of transcription factors
and cell division genes, while genes involved in the Calvin-Benson cycle and pigment biosynthesis are kept at
low expression levels, which plays a role in the down-regulation of photosynthetic efficiency. By manipulation
of the dark rest period, we confirm a fine-tuned light/dark cycle could dramatically improve photosynthetic
efficiency in microalgae. Our results unveil a novel persistent circadian rhythm on photosynthetic regulation in
marine phytoplankton and provide critical insights into the interaction between environmental signals and
inheritable internal circadian clocks in diatoms.
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BB FRET —RAF AR, TEIFELT: (1) BXUBREFRAFHRARTEMN, HiZRL
A L6 AN B, KIFEBRBN M BEHT 10T KBEMHET 0.4, ERBERTERS> L BN
Fraear R, (2) AR THEEE a W B A BHIN T E, RETEA NG RBE N E 20,
HAEACMNBH A EARR L AR REERMENE THEALRE. (3) 4tz bk, &
AT HPCCHEFHF AT, HCL2EBELSEHXFACCE2EN—FK, PCRAXFTSEFLARAL
BREXFHM, KAPCCHMAFREAFAHAMIREM. (4) HERXFAREL S LS LBNLR
HEREA 2400 NAFELEF, HFANFLAAABTHL/CEBAASONERGFEXRLELZR, TE
YEA L RIAWIEE A 209 A, HF B FAEAFE KR behlY, puflM. puhE foacsF XA EH LK £ b
B, ARRRETFTEASEER, B TEATAHRE a i 2R ESN T E, WET FAAEH
KA KA, HAE AR AAPB BB L4 2 2 T ke,

-------- I. AAPB Raman Spectroscopic Biomarkers ——----- - Il. Application in Environmental samples -
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9.6 =AM H K S FMARE BB & 75 X H R CO, Hy v B
Bt R#H®
EITK#

FIF Tk R B CO I, BRRANE E CO,, XRRMER TAMBRER AWM &, L
FEHRFEOAR L EFTERAPRESERKEL, XEATGET NNEFEENHATRAIBZ., KHK
R B B R CO, AT Z IR, BRRFAZRT F ' CO R E # o R (Q%-5%-7. 5% Pl = fa 18 48 %
(Phaeodactylum tricornutum), 5236 & #1 341 K, H K = A& R 5K E CO, W A ¥ N, HEAE CO,
RETHEARFF L. BHRNAST, BRIRERAF RS, WREKRE CO, (HC) ¥HK=fA1E
HEBE. BWRAESNREFE. EREW, B COMRE TN, 2%k 5%C0,R#T =A%
WMEMAEK, T.5UC0, M AEKRHEREDH; HCRATHFARE, BRHTEEEERT%, HMEE CO,
WM, HC Xt R AR R BRI EmE E. BRI FE S 7. 5%C0, &1 T 27 A A R & 2
THSLRERERY, SrENARSES 6. 12, 24 M) N AR ELKEHEZREN, A4
RETABEEERTE, GHCWBE TR TABEENH TR, U 7.50C0, EEREG T = AHEN
BB AEER BPA) . —+ —3 NGB OH) W2 Ef %, SAMBMNES FHT EPA. DHA - E Mt
—F 3R & . X T EPA, SUCO, #6175 24 /NBt o 6 /N BF R R IR R R B A& (24.65£0. 58 pg/mg DW)
FofE R (94.25+6.49 fg/cell/h) BB AE 4 A ¢ T DHA, 7. 5%CO, B A& AR B F S 6 NI A R FHEE 2. 41
+0.03 pg/mg DW, 7.5%C0, 403 6 N33 B & o2 8.93+0.60 fg/cell/h. AWK ML RAEF = #
BIEAATENER. AT MR E MRS 7 |, T 0T H LI BRI i I

JEBEE/  amwx

2%CO, BHT=ABIERNER  5%COEHIEH, TEEME 7.5%CO 28R, TEEWR
= :I(L ] II:EE ‘8: }1(1

cell/mL)

Cell density (*10° cell/mL)
Cell density (*10° cell/mL)

Cell density (*10°
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TR R ARG K= T b, (EEE RN RATH B £ S, RAKKTRAFTWE S
BEYHMERSR. WERNEXERAER, TRADTRENEXTEMER, LRRK. EEELE,
B FIEARKHEAN, KERFT AR, AAEERFARKFEERSHRELSHFLE. AREE
ERRAEAEERRERN T EERERE LR WAL, WU R AR Y ¥ R AR 42
W E-TARRTHELR NS, U REFRFEARAE SIS, R FRTIK P & fb 3R BR300 Al
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Heavy metal tolerance of microalgae

Interactions between algae and heavy metals
Migration mechanism of heavy metals
in algae-shell system
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9.8 RBERKEENAKXBRNE Y5 HhR
R/ R
AR T KF

A R A B8 B CO, AL LA, DAT Bl A A 1% A 4 B O M sRaR 8 T AR S0%E AR
EFARAR, ZAGEBRREREN AN L. BIMERRERMEMBEARA IR R, LHAE
BRI E R €O, AEATLCO, A FN. DUKRMAR AR, AR AEBE WA RTXEEE
PN, M TRASHEEORAEZS. FAERTHALAEZREE L. BREN—MFHEX
REBRIE, HAMBERREL AN KE. HEREENDRGLE, BET R, wEh. EntEa.
BE. ZBE. ZTRMERHREGNELSY, EHRSEPEFNESF T EHRIE T L L ARXBE
h#, EEEHBEERERTE. KT, MEEARKERRFMHHEEE Z FIABERRL, E57HAK
B TR K. BeWARmERRE B W YL AN, FEEGRALERELS S, #

MR
[ mmaESEEKE \ /2 SEERSEeRE O\ / ERSLSERGE
@ % . o ey o . T
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10 /AL Ravg CCUS di g R it 5 R B X

10. 1 % RBCHTHAEBAR, By SLABRXNK H 5
EFW H®
¥ K

MR BRI, WA TEABXIE B, MAeRAELFA. FHLEANEE
TERRK R L B TOR, BEFRES Y BN AR mE R, BRICr g LR R FE 78
KRS, ATWEZLETEORKRZBRNERRLAY, FERRLETRRNERELT RER
BAFEaR. REXNERRFE AR ICEFRETE. ATAXERTEGRR LGTEY BN
R EHERYT AT, ®EZBERICTH R OTRE, WEFRIETEEREER, KRRTE
BIE R RE Ani BT BB X i AR B e M. Ah, B TEBERG N A Fe R R, At
AR i BGILRIGHAT T R 0k, ATV I B9 HOR P A AR AL R J8 R it BB 437 i R

EESH,
BB R
= 20215355 4 FPAKelp Farm Career

ROHREESHXPRIZERESX.
2024 EBCCHIAMERAR S X,
NEXprize2 Bkl A PR AR A Top100.

EZEAA ﬁﬁ?ﬁ%

b4 RN ERETY, A EENRPRIERRRARLEE

SO REXPnrs-Eau TereFIBH R0

on | FEBRAS ( BT )
FOFANBELE R RESITASLOER
O, SIS |
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10.2 MEALBIR S AL REM B AER T R M5 0 R EFR
iR A ()

FFRE TG E KRBT VR ORMEY., ERTERRER. BREL, XREMNHNE
CHEPRNER. AARXAEFREFENRORNKY Z g atizsy, RARRELZEIHFR
FEML IR T, #T Morison /A X o Screen B A i+ 5 W K % 2|y AK ) f1 #F7, F @A T BN IR o FEAL
BRERRAEER T VRN i R AT, FFRFY: WA AESR G540 o FATL B 0 0 0 1 0 ) A B 3 3 v
NEBREMEZ, FEEREE, WEAKAITKA, EXHRKAEHIRL.

Irregular deformations
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11 £/8+: REARGEERER SRR

1.1 B e Wl ENRERE RRAAKE BN H
ATB/BE/REX EHRIEF
FN R R & R = T B o RO R B

AARAKEMBOAAZ N HLEEBFEREZ—, AAXRFEFENRY. KEFRXLNH, RAAK
EMTERARREZRFETERIPAANT T ENENK A oREEAR, BoTRESE, HH A
KB R BN TR AN W A, BB R EK & VIR DRI B B S B R . AR AR PSM
B A A A B KB R R X R T R AR AR G R [ A A R T B R
BEUERER, (1) ERANERTHRS AN KB N EZ Y m, ERAANBI T, SHREH
FhiAME, MiEELXEARK M EERREZ —, X2 RRAKEWERE LB AR5 #E
B, MRYEREERER AT EEk. (2) RAAKEYHREZENREAEREN BEE
Bl BREIRE R IR AR, AR S — N EEMERERNER. —BoRu, KE”F
HGEHTHEFENRERDWIUAERELZ N FRAK IHE" FRESEFRAKTFENRERS,
ARFEBANERD. (3) EMAFAEBBEEZEHRRAKEMREMEM TR ENRHE X,
KO.K1 fu K2 =Fp o] gty £ A K EL R WA E = AT F M EAE, RAFAETFENRAIKEMHRE.
Moh, EMAREFEMFRENRTLRREAKRMTE.

Comparation of Generated Biomethanes and Gas Hydrate Resources
{Megatons)

50000
40000
30000
-
GH Resourse
10000
5 S - 4 Generated Biomethane
kO k1 k2
76



g ENEBFRER. MASHFRE

LNJLS] | The Fourth Offshore Carbon Capture, Utilization and Storage Forum

112 RFHB ¥ I HEHRE CO, HFJ/AFH
TEE HAIRF
FN R R & R = T B o RO R B

“RAME (CO,) HFHFE - MARNBEARLMNEAR, HXRIRZ —RAFEENHEH
Foo ABRTFRAEHEHRZ CO, HEFRUMA, RET FENHAUEAFEIR. FANEEDT
. MAEMREH CO,HEFR/UATIFN: Bk, BIREMFT. HWRWE. HIRMF AL HAEF IR
B, BT —NMEReBER K5, RAKEFARIA, BEKEFL. FELEMREFEL,
PAFR B AR A B A P o s AR A R B AT LB T £ MALE S X Bk, B A T Z R 4 (ANN)
Fotfomph AR I (XGBoost) » IR I iAo S8 fhft, 28 T AR, I 6 4 69 MK 24 & xd
P GAF AR R HATIE, WIS RAYW, XGBoost AL T Z Az ik h T WA IANRE; &5, #
WO ER N THEFH R R RE CO,HAFRITFMF, LB TEE COHFHNEM. KA
R BRI A BB N H R, BT TS S I CO, MR 7 284 oy .

1B || B S PR PRREHAH]
& 4
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HW iz
ol K

AH R AR A I RA T R E RN ENEECHER AR AR, ETALRFHR.
CT H#. XRF M. &AVHKEERANFRK AL E MK E T %, 2RI R KRR U R L& T
HPFFAA BRI AR THANKERG D . HRERET, BB wIGEE, KRR
BMANGERAEZSEE T RANEH (412 ka BP) , X5 ZREHFEMERANFTERKBEKR
RAMH B E A BB R, KKK, HXRMEANEFE ST HRARAMNEE. AT R R
THEFEMREF TG RERAGRTREKKEAIFTF N AR, HHRET T ANFERKE. B
W &I G 2 A RFAE, RAKEHNBIANFERBE S TRRAN, ZERERRARNLE
ARFREK. REZTHABMB AT, mBEFANKES R, (200 E 69 T E 2T
PR AL BT B R A A B R AR B A, AR RO VIR R A R T R R VAR B4
L - SRR R B AR AT R ANSOE B BB R SE A . Ek, M e e T E L. K
ANFA RS WA/ SR % FAK TR 20 7 142 52 ] 20 B v AL B fo 8 S A AL AR AE A2 S L R, (2
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WGBRBARERSHINKE
RE, GOIGR, H, w2 g

1ol A if
2 WHMHRELS TR &8

@«
[=
Zz
E ;
it FEANGARE SRR AR EENARSE, |
T RIBRFRLRUNAER, E—REAFLTEHEE |
2 H ONEREMARELRBXAT-SURSRASEN
Z %, ATMRMEMLBSRSHRITAGE. FREARA e : B
T whmmr— ASRAREMBHEGASBEEEREN. PERALBNAREERE SR RERG R .
Z FHRUMELBOAEMOASE SO NEET = i 4
@ EanWRAR, ETESAREME, CTAM, XRFN ! R
SOR SANREERANRRARERENAF S, L0H | o [
SRR EUR A 8 7 R R T RN HA 1 L . 3
FANERRE L. i VLJ L &
: Hiwflodusduindl =
Ry z
AN a
N, msmasrasamusss 2
- LEL 34 3] -
m
- g
= ARERZT, MELBRLAR, KXKOTED 5
2z ANBEREREREETHAARME (812K BPE 2
o 's), aSHEERBREEANREREEERANY
& ! QREERREB. AXAN, SHRENSPESHTR
& | BERGRANE. FERAGRETEINREANS
;-‘ OB REEEIETREKRAFEONE, HAMEH
= | TANBERNE, ARMARHSZERONE, KR
z L OKEMERSANRERERST AR, E5HEE
= C OAMRMERAREXR. REZEHUERNORNE
<] Do, AREEANRESBRE, ERFHABNRREN o
@ ARRLHEREANDEIH AN AR L. AR T
= ! ERRAREGEENTREERRARGEE, TREE
R TN A LR RSB PR R E
{ m
, RSN g
' A e | %
Vi 'MW jn g =]
RN L% 1 =
: h ma B
K =
e &
@ -~ K o
] & b _\\ i =
z : o g = A
g Fic===" '
= ;
) S /i
1] wibed i
4 : !l
z "l
=} |'E,
Z o
< e =
g ! smesmemaeR 0 A
E | BEEANHARARGAE AL ;
Z - v
i BoMe: REGEMMEPER K, KaAN | D
V| mamns. aREERSRARRANGHEMGE | 2
| |ErsnEasnasasEscRR, eren| G
2 2 E = || mmAXRE KRR DR — B TR, g
PEMBLEANSNEREDHXFERER ;1

78

-------



s RNEEFRER. IASHFRE

LNJLS] | The Fourth Offshore Carbon Capture, Utilization and Storage Forum

11.4 %R CO, HE 5 HUANARAFX
REKE TRIF
FEEE TREERARLRARAH

AIREEE B AATL R E AN R L AR E AR KR, AT B R COHERM
CO, b A H H A (offshore CO; capture and chemical utilization, OCCCU ) ##F & J 5 sK. &-F 0CCCU
ARG ARGz AR B B A IR Lk A ICEE AT, BT R CO,ERAEZ CO,
hEFARABEAEELRETE, THETEFEER. Bz, 24X CO,HEHATEZ CO, TR M F 4
AR EAR K RAR G FBAL. HEGRAN AR, #E TEFIFRAETT S8 CO, & H F ks CO,
RAELH PR RS, BEE TR ¥ TRANBIHAES, 0CCCU TR G AREDELHA .
M3 8 S A AT AR BRI R KR, TR B b g T B AR R VR A R 5 R R R T AT ROR B2 A e AL 3R
B AR RFTEFTRAES HEANKREQUFAZETR

/R B LEREERE (BECO,FIF)
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115 RRAAKE Y3 R T BT 08 26 o IR T RBL AT R

FER FRR
i\ L3 =
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KRG RIR X AR E T be s B G AL BRI AR e RLAT N AT ACE B AR R AT N B
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11.6 # F @B R RAEARBE —— NREIRE
ZRAE/HT AFRR
o [ 5 B v AT LB

R ERANERGE, REFBNEKR. LELHFLAAREEE, RIRFEEFT. HKE
FER, FAMBEH TR G F KRB, Fb, o B Rsk S B N I K 3k B R fnd KB 7
MEEREL, BEBFRHFEA. FLEEmERNR, KR ALIKCCUS LI “NK” HRHFWEEX
#. . BEIEE. RIIOSHAEMSAEEEL CCUS TE £8., ENTESE —NNELEBREETE —
“EF15-17 CO, HAF R BT E BHNEAT, FEZMNE ERAKEHFRCO, KR BFmRRETEME B
o, REGENRBEEHMTHRHAGEERLRELOME. BMMER T MEFOFERHE, BEBR
BRAGHAMETH R R F+, AL AERFY BIRE, BERERIF. KeVWERSF,
ST M3 3 3 CO, B HARKR R K BBAZN R A RN R G, RIH R BILE L Fop AT E W R 3 4
BB AR#E, St REEFRFTRIFEARR, WRESFHFELENE, o LRKERF.
HEWAHEESE. BRALETAHEREREXENFYHFEDETHEAR, PHENELERE S, o
KL REREEAR MPHETEFRHTNEARARZERLEER.
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12 £/ +—: BH% EERER

12.1 WM F R 58 5 B R FRAE IR 37 50 BR 5 Bk
RYAKE B R
o [ 5 B v AT ALY

ZEERBEHR SR ARAE. KBfaaBEZANREY, EEAMRAGEEE T BAERZEXRE
BWAER. 21 AW, BERBAREIHIRAE (Mg /i) THREE KNBE, ikt 90%0L ek
W] G R R HERIE #F (Dasgupta & Hirschmann, 2010) . BR ¥ DL IF £ 07 R foae 2 LI GE B 40 R 1E3F,
M SR fE RAE R R K R S Ak W 2 E A T H %2, w2 BEERBREHR AR E
B RREE KRR ILT WA A X B S B N IRIEE (B NE & ) (Kelemen
& Manning, 2015; Plank & Manning, 2019; x| ® @4, 2019) , WEI B LT FRGLR. RIKER. §
AR EEFAE R (BB AR AR b, DAE Bk BR Fh R An CO, AR S0 RR E3&k (B i & ) (Kerrick
& Connolly, 2001; Poli, 2015; BAZAX AL, 2020) . HEEFLE (WBERHEE S ASE
EWE) , TRUBEAAF CO,MKRE, BHMRARSREERE, PHLRAGHKN AT,
TEWE T EH IR TR PR A A4 (Duncan et al et al., 2017; K E#E, 2021; HXNIE, 2024; it
PEE, 2024) . AW, XM TFEREFRMNEAGREEAGRE, “HRFFN oLl g, Rnm
N/ATERR. IHNH N/ LB EF T E, FEESENAERE.,  “CBRFRM ZFRAZMMN
WHRTLEA, ATERFXEARER MR FARBREA LR A EARBRHE TN ERES. X
KRAFRELZFREER R, EUT/LAEFEHAK: (1) i EHAREEFRBEE? (2) Af] R IEER
ETRBAZERREY (3) HEBEDUF A N3 E R T? AT S ¥R A B4R
TREABREHRIRMFTAEA, RF Tk B X — 1 Romr iR 2 B AL
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12.2 #AKEE 5 UK 43 X% B ACRBUR A LR 4 AR 5 R I
THBRR FRER
B AR PE IR e BT BT

ARERERT, WKEEKNITEREKEEZRFRR, RAPHEARERY RS kBN,
URESZRGHTN. HKEBAEMPET NG, EXEEAFRANTARE-EFEFN. —F W,
HF Y LA RBHRELE A RAR BN C/N i (>12) , EHEREANFEREN Z4 5, R, #
mEMEM. T, BEAVNRARESMENSAFE -SRI, 5—F @\, AFAUNKA, &Rk
THEESE, BEMBREFT HEG. BAEALKEESTE RN EZTART 0, AT UUE A #HE,
WREHBEYFMZEREEMR, KPR AECE SR N ARAET TNEELRH ., THEN
DR A AL B 4 5 R, e B R M AR E AL B ST, A B T RATE RN T BAKE &S L
R AR R 2. BAEE, UK KA A1 IR R A B B, AR 501K 3 1 B 8 3 3R
FUETHE LR (2016 F 8 F, REAKBEMNE, HEM, BhomERKd) f15% 9K (2018 F 8 A,
FKEARBHMNER, RE%E, BAXTERRS) PEARBFEER (UT2A AN 7404509 40)
B BT REH 15 NSk EAER, £4 54k (201248) . 64, T4 94k (2018 4F) A RMATT
BAYRE ., BRANKEEREREEML RSN, UWREHEEAN. FREH, K& L8R H
R E AR AR AR IR, gk EE (EKE R T 60 80cm R ESRE W) FAMIKEM (—H<-27%
PDB) , EAMEANFTEM; TiEARH (10 60cm) BRMKEDS (R TA 12.3mg/L) , Hokrd L
HENE, WP EAE, EARENHREMEARK (3 13C{H: -12.2 -26%PDB) , EAHWEEH EX
VEARAE . bkt & B K TR U A o 2 A TOC/TN (wth) £>15 Z434F, 5 bk &3 KB A
FREARIFHN . Boh, 7T REMA BB ARG KELBET 9 b, B 0B 9%E i 1HE,
HFNTE G 2016 FHERX AiEKBARE, RN IEKFFEYEFOREFREBIBAL, RBT
VK A R A AR BB XV T TR AL A v
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AAKFERBARA CO, #yfE A7 R i 545 T A HLAR oy 32 A B, A2 o AT DU AR R B 7 AT
ANERA IR EREA IR A e S AL, A B T ARAT A A AL B R DA AE R A 2 IR AL Y
W e . HREW, HRMERANRE L BARK T s om 2R T LR E 2w, BREEAAK
BB —REE. ZEFTNH2>HEANGSEAER EENB L BAEMRE, FEHEFANER
EIAEA G, TREILE B ANS A ERNBRICEETRN F AL SRR, IH> AN
e TS mH A RE BT DU SO SR AL AR K B 8k 7. AT, SRR ALK Al B AL B B A ALK £
FORT ) Ry i fo R VULAR M, WA R 7. BB AR AR T B2 il K o AR R
Hlax DIC) &, #IAZ| A DIC FEAFHh 15~ 26%. fnih B & DIC My B AU i B KA CO, By Bk 1 A
BT PR, A A A A ALK AL A R A ARR . AT BT 5T B RO Lok i Ao b B LB A R K
R OCO, W BRI TH A, BT RSB ARE 2 REYmAATER R R EF

a) Modern/Interglacial pericu 61 ¢) Geographic setting and core Locations
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12.4 RAREHFLREL CO,E: By ABBEEL F IR M@ IR0 H B &
FRE RLE
o A B R SO £ 7 R

W PR R B3 5B Fo JER B SR VB K, BRREE L (DMS) 1E ) — M E B IRE X 2| 2 X iE.
EEI BB BRNEET, AFRER T AR E DMS 8 LI BHLS RBEERNTATE, FR
BT —FIH 7%k, DL A DMS By RE M Ao CO, B L R . A5 KA & 31 o AT R (SCMs ) B R 4%
(tMg0) &7 FRE A T xF DMS #AT R T b AL . LR KM, AHGH DMS 13| T 4N T E
MAPUERE (0.7-2.1 MPa) . BRI EM KR EGIFH & (GCBS) (K M0, BERAT 13E
B TR R An CO, TR EE 7. P, MR T IR, /5T CO, B fAE M, M GBS MFwEm T T
HEAEE, XMHHABET FANRE L o f, FHEERTIMRKE. &6 74 G M0 A,
P — IR T DMS WML E M A CO, B AL RE f7, B3R E LR 27 /T . HREN, M0 fulE A
PN ERAER TAXILE T DMS A E M, AR T CO, 7 FE A E M R E A 3E, A S LB HE Fr YR
EHRRE T A H .

DMS Biochar
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MRk R | U e ek VR N R SR
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HFAREHRFRETENENEERTELFR TR AX A ENEH P LA T RE, i TERS
HTRFESHTZEOATHE, WEAREIHIAKATE, RZ LR IRERNXE, FUFEE
FHITHEUTEHE (AR AREHERRRNQTFERAREH (KAT) ) PXTHRERNLE
HLE AR, F, ARES AN AUBHRA RS HETE BT EmE T, SRS -4
BB FA A SHETERFTEEN, EMNEERNFERD, EHDORAFEENKEFE. (AL
BIFANR G HE SR BB KA REE A B s FAE 5 524 T 69505
BT AR . ARER R 25| R E N AT AR 5 25 WREE RN, HKE R
ZAABA A 5 £ TUE T R SRR OMR I, AR E W= AR 2 TR 5
B A2 o T I B A K SR AL SR Z S B AT AR A IR AL, R A A R 7 Y BB, B R = AL MR
A & H A5 TUE AT

| WEEESEENE «

u3.BEERN

ZEEEERTBSHFENENNEEEFESEEINR. AR, HitXARXEAG, WA
BHEEREAERNGENREAR, URBERENROEROUEANRE, KBEEXENRARGE
FARAE (HI 2.2, HI 610, HI/T 166) , HAEM MRS,

BEIRNEEEEEREEREE SR FEIREFET MK, IFEEXE,., BEXERERN
A

= ORI

(1) ENSEERNET — SHBIE TANEB T RIRE;
(2) ENEEBE SR TARTEENTAT. EXTNRE.
ESELAH. WRFTEEERFE.

EFLERNFREENRKIERE S — SHBbaXE, HiKiE
BREMEATT R ERERRERAEEE.

~

88

-



g ENEBFRER. MASHFRE

LNJLS] | The Fourth Offshore Carbon Capture, Utilization and Storage Forum

13.3 (FL-EAREFEIREIIEYENGTFMEE) H 2B Bfgi
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HTEAHESHFERENEFNERER. REERLEFRBAFRECETNRSF, EMRNEFA
BAGENIFNTHE, THESEFNFREAED, EMAYRRAEAAGSITE. B, RAEL
SHRENEEEAAENTE, S6BRE- R -AMEXARERNAR, EEEAN T ME L - AMK
EETRFEEM B TIEG ALY R ENER, T RASTFEMER, KEMTFE. Sk
RETR. BELEF. ESTFIENRERE E T BHATEARBEEN, H5 T L -AMK
EE TRASTEENEG FNEEY 0f, FREMENTEFES TR ZRE. BT AE L A4
BT HE O ESHE N TERERSE. AR, TRENEI TR, ARIEERFEFLESRAGN
B TR, H8aREs b Ao E AT ey LI TN £
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13.4 BT &, i+ EEFRRFREREE W R
LRR/GRX RIBE R
B AR PE IR e BT BT

WHEHAREREEERATRRGNLA, WREMFATANEGERFE, BLRALHBETEFNE
BRI, BEBAKENIBRFELAETL. BEAMBNFHARIX., fiFk, HAREEALA T E
G —THRGREEEENERNMAR AT EEFABEANGENLA ., Aidfid, £FH
WEAREN AT SR LR H T L EXHE., BEIEARAEGERERGT 7 LI KA MK #
MEERR, FBEFAELLEGEEN, FPRREHERTECTERNEFEANLREE. HHEH
ANEGFELERLMEE. XESARFATLNAZH2. MERATER, GXRERYE. 2EFRFEMLL
21 ( International Organization for Standardization, ISO) HACHEMENEEEALZ L
(1S0/TC8/SC13, PAT# SC13) F 2014 FIEX kL, EFABHLH%EF FHE. KT — KR EZM,
NELFENTEIAFEEFEFNN . BEFEFL. BERRERFPFIRF AR LAER, R s &%
REEEREEREEETVEFREF RS AR, SISRREER. 546 BFERE" HEXX
JE e, HIE B A0 SC13 4T s BRI 20 T b AU E I A1E, LB A7 P B SR fodk & 7 b R K 8T
&. NEIFRAENET AL, SCI3EDL AW 20 Nk Ef 6 NIEAWERL L, RAEZERNEF
BAEXS5ERAENFBITIE, AAREEEREREERSERALE L R AAHFE; A
A EFRERITHER Y A, EE MR 16 TEFFAREM 6 TR ERFRE LA LINART, SC13H
EHKE. RKERFEFL. BETRRY. EEANNERE. HEEE. BEARML. BEEERTHEA
KA EFENFTRA LT ERE, FENATRER AN, FHABREM 2. k%, HEXRTE
HHBARTENA BN ERENL, RRAFEEERTEALEE, RAFNERTELREHE, H#
REEHE TR HA RS EFRABIFEALR EEEX .

ISO/TC 8/SC 13EPRNEMNARL / IS EFIAEZRE / BFREADES

- ERICIE “LARES|
ﬁg'ﬁlﬁ%&‘ﬁ" W

o el ] R R
HnES HAp11BEREES

. EmmERn, Fa. | @ RPRBER=M
BRIPATILAOT LR

N77]ISO/TC 8/SC 13
b==—dMarine technology

« ISOE—2HEMNES F IR EEE AR
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14 %40 LR

14,1 3 RBR A F 4K RBA-CO M B a3 RE M
FRN BIHEL
EAFE

MAILBAG KD TFREL KE” fo A BXGE, HREVAZTEZIAPTHRE. LK
R¥.IBMAAERZH, EXXmAERKRCO,HEFEXEE, A, HARIAFIEFEIAKXE CO,
R, EHPKRBARENSH Y HEREENTEAEM. ETh, AFZETT —F7HAE
ACHE (10 vol%) FaAHE (30 vol) &, EARERFHERAK-CO-EFRAEK, HFEEC,H2TIRE,
AR 52 40 K 3L IR H 4 K PR3 K —CO, 4 B AR R 3o A B A CO, MR HEH . MRERE TR, Ak
MR K An CO, By 3% # R MEH B BOR S AT HAEAME (75.50mol. % CO,) FaA# (5. 85mol. % CO,)
W2 TR SRS K. Hoh, Z K IRIRA-CO, A8 B 3 -5 B 3k A I8 3% 7 4 364
CO,iH I8 . CO, fu) Ktk B ¥ #k A B Ak A E-K-CO, B “ZWHR” RIREM K, BT ENRAE
W7 Aote J B AR R A B R CO, 3. RV RUL, XA RE T T CO, x40 K R A A Fn B
R ALE, XAk CO, i A7 Ao A B AR A 49 K IR AK-CO, M ELAE 4R T - T R B AR

CO,injection
Water film — Water bridge

Self-diffusion

Higher Lower

*x
R Wettability
.2 Y * Water-wet  Partially CO,-wet

Adsorption trapping
Stronger Weaker

Space type

% Open space Enclosed space
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14.2 Z@ARMIARE HKRGMBE AT CO, 24T A B W B 5
wEL FRE
FEBRASE (RX)

wAEE. FHGHE (CCUS) 2 LI P FRERE. ERAFH, #EIRARE NI KRH
RERXDW CO,NATAHA, NUEHEFHARERZ M. ERFARE, IR TAATFRLEHM
R W —RPIHFARA . BFRERK: EMBAHRAS K (22D @A 3D M) , CO, iy MAK
TR e AR IE R (8 2D R 3DMAL) . SEAORA K CO, BRRE B, RINEAEE, &L
AR E, CO,0T MW THREFATHI, SeNBaEELTAT 0. 4o U ER, 25 IEEF
RAS, WHA—BABERERL S, Wob, HELEERZAE I, HIHEES ERRENG CO, P XK
[, KZ AL T 2D HAER 3D MM, AFEE K IAE T AT 9K R Z v CO, R 2 69 22
AR, AR DURE SR S A B T B B AR CO T AL A K

e 2 ‘. - S e
Fa | I peak
5 I E IR B S AT I valley
o iy Ghvo AP F T [ | flat surface
v A= S e AV
ok 2 .
far- * & .
o %75 BN -
I‘_'. 2L Y3 :m
# oy NP R TR S e » 1
CO, nanobubbles models  fapipat. ;o : 3 il
r. 2
=
’ 0
co bubble in 3D del IDIW 2D2W 2D3W 2D4W 3DIW 3D2W 3D3W 3D4W  Flat
‘0, nanobubble models
4 Water film CO, diffusion coefficient
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14. 3 2R T — AR KA B R BN M BT 6
XNEE FEHRE
FEBRASE (X)

CO B HFZRPBEAMKE. HHR T BB ERTFE. B THIRKCOARRS, AHEN
Tk JE 3 SR IR D A — AT R T . CO, IR A RAE i E B AR LRI T AR R -K-EF
R RLA CO, HH 77 o 0 X 4 o B, T 377 SR AL o o R BB A B DURGE S5 P8 it 2 3 3 6 3] R i
W, R R — LR AFM. AT ERAS-BeREREMNN T, WK ZERARE NG, #4174
CO, FudE 4k CO, 0 5T 31 77 2 L AR BB T, AT RIR AR A IR AL An b 2k A # ROM AFAE. Rit T4 B ik
AP, URBREAT RAEAETRNYH. RTH AL TH LS mEE, RAZ M7 %
W4 CO, fudk 4 CO, By 35 2 &M H H R R . FIREREW: [WENIE G ¥ ia B LI 20 5F
RE, 2R EHEH AL, EAHMNAHREYHHBEMRLAHHSLFHRERAYH. 4 CO,
PR s EREKR, ZHRRBER. FHERMT WEHAEEEND S FAE. HFLFIH
FUEMAE, MEHIZLEAKEH. ol FRFMEH . ENL CO, Fodk 4 CO, MR M AL ZFEAEH K,
REZEApFREAR. EERT REBRT, CO,2mM M TyM®, HtFRTRRATRNET
. ENARN L CO B, HMFERRE T CO,. HARBT T B NFERERT CO, HimKNEH

#ad, BRa TA-K-27 WX ES EE, H4h o, HFMEaM#T TiIFM, FEitdTiES
HEFERENYH. FRERT N LT COMP AT TR L CO,HAF MM AR —LANESH
5%,

A Good Way to

Non-pure CO , Storage:
Reduce Costs

Injection weIIL-
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14. 4 WA H ML A TR TR CCUS ERERZRNIEH 5 BREHR
Yk BEHak
] B K 3 M B R 5

AR NAER A ERT, KAE. HARAEHE (CCUS) RPN REMAT FZ —. HIT
TN B K A S IR T, B TH#t CCUS B SR A s . AR TR 50 AN TR 81 37 W 45 B AL f &, #E 8
TR CCUS B A A Y AL 5 B4R . B AT KO A AR s A0 R AL A3 R
BB BOBOR 3, AT R T30 CCUS BB R AHE R LEBAZ. HREREH, I
BN HT P 2. TR AL KA BpE L BOR SUHEE LHLE T CCUS SRR AR EARHY K. AT 0 B X
Tedf#t CCUS TR R An e At R R T A ar i &
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14.5 K CO MM H A N KR b T HOF Bk ERER
BXH #LHRsE
FEBRASE (RX)

CCUS (Carbon Capture, Utilization and Storage: B E. FIFE5HE) 1B LI EFH R fum
BRH B ARAENREIARZ —, TR 2R ZxE. P Co, NENR CCUS BA B E EH a2,
HEENERAY. VARG RZLMERKRIF 0, FEEHFN. SFYEfHEFE X CO, W E
EH S ESATHER EAEN, TR U RZS AR E . IR 7 ik T R G R B A
EHt X E, AR FEEREF COMARNESGEEMREEEFEL. XHESF—MENT XM x
BAMAREMGEE, NEAFRIAREMRME. BRAERGEARBE R, N5 7 ZRGFEF RN
P, EREETAKNDHEETUEN CO, ANz RAE, EZR2RF2, ME#EE TR
W CO, MMM AR, REECEEZRTR QTR GRARLEN T, KICO, EF(LE UK E
W, FH COMmfE, BN Co, MR EFE R, BABBMN S HERMEEA R, Hit,
T Fo s T ARG ERE SN, R, AR CO,MZBIFEI. L CO, Wt NG
EWN#EE, S5 REEE. NEEHR. IREFLERE, METNEE I, FaH COo, ks AR
Wz, FTERRENEE, BEAGHS % HESt2RET . R|EXA CO,HFMIHF. H
IR, Ea YRR B R EEA, IR IR L (MCSEM) 2T AR R . B4
i B T3k A PR ey R A0, B 2 B oy i 8 o o8 FELASCIR AR CO, i B AR AL B, 3 3 TF 9 Vi) b o AT RO
TR AT EHERA EE NS ZHEER L, wE 4. B CO,RAREHEELMERE. BEAMEN
THTERERE, BEARFARFRRE. B MR, BEHZM6EEER, REXTTFEGEEDEH
Rlwg i AT, A CO, 377k B IR0 3= (2 b 15 KAk 3

CO: fiEEH A E 1002.m
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14.6 CO, 7 fLHHF# 54U
LEK HIHRL
HEEEAF

AT L H A — A CO, 5 b0 Bl RBR Bk i BT AR 7 X, R LI A B L2 | 2 24
RMHFTN, ARHURRZE RE. BRNFHERNAAT LHBEBR IS EEEEAKLE, Kl
AR WA EEET MG CO, K A RN RER R AR B 1, B RDKOLE AR & H AL
BAE, AT SMBRNEH RN, EREVGERIIFENT, KREAAHE L THEE 2 HEF)
Z, BT B2 E SR WHER RN, B R RN R E L LR A
ERMMERG@E, IRETSAKEER. MERFTH, IXTHEHEFMFTHRXE oA
B, RAERNT LHERT. AT EUNBEFHDENG, RARE T ZEETT L2 FHE
WO, KBPHER. TR M. BERENFRE, FECRELENREHNFREEEELET
B, RHERET CHFB S, UHAREESR MR BT I FETFN oG TRERRESSE.

o) 4, B HSENETEMN

T A T
v i Wy e
- WEREENSE V. 0N
ZRE <WE T iy W el
ZEE R ERS i (Héléne Pilorgé et al,. 2021) AR EEHR TSI COH 7S

© AT MR EER ERE>E

o —e

2 e e R e RRE-TONRES, HERER
//%/ LT BEIDEANERE, EETHA

EARRIE, HEREE

100
JE L )/ h .

ZRECa B8 B (BB RS, 2013) B PCazi BN B ALK, 2018)

At ER/TIER HEDHHER EERAE

XRE IR L X BEMFH. MIah, ERHBK A, B0, RKAMNERE

Ba  ERAR. BRI IR KA. #Htay. wBRERE
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14.7 X THEF X CO, 8K HF RERRITFEHA
FRE BLHFRE
FEM ¥R LEHEALR

H X KRR B S LRGBS, CO, & 7 H# & BAtT — M AR ARAT B, CO,
VTR M BT B A7 B TR MR B AR R AR AR, B AR AR CO, 4 Bz B AL X T CO, PR i BT 2
RER. A TaE. wiEEREFNRHE, TR TREKSNFHEL, FH VOF AT C0, 7
BERRIE, FF R R - BRI R AT T CO, il AR R B B8 BURAE; TR T R TAR WL W &gk CO,
REPGEEE, BETWERGEEWE N SER H#ITRIKEZY R E KA. REKEEBIREBF ¥
T CO,MRHERER S, 2, REFIERMRORETE. BRAEE, ATIHERRE.
CO MM H A BRI fh, WRERRFMARFENERR, HHRART TEUA.
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14.8 —EARBRAFERAGE TR TN RERYH —— R TN EIMTNFR
= BEHxE
o A B R SO £ 7 R

BRI E A A ABM R A (CCS) RIEMAB RN REAR, AW, MFRRAANE 1%
45 CCS By S W s & A BOR M, R R Gl g X R e R A B X &, A FMHRAENDR. #k
ZAGHMELIAMRBECEXREE, RFHRLEHER T CO, M5 377 09 KGR B 77 i 2 BOR [ 28 7%
BT RA 19 AN R BOR XU, 3 3 A 2 5 48 1 R 1B A MU 2 B B Kk &, [ B R R AR B A O
AREHATE. EREW, XBEWHERNREE XL EBIN. REANHTAE (ol 2 ) FoHE B
PREE T R4 O R T AL 3 S R B T TR A CO,E N R E, Bhdbh, N E B AL AR
CO, 1 J&5 4 DU K K 33 B 420t 3 XU, 4F st s KRG, 3-8 T MM FTATH & Mg, 7e b3kt b,
GLERNFZFZEWARRAMET ZAEABUB TN EENE SR FHNEALXF. HAREREY
THEREHE CCS A, HEFH EKMENF BN TR, MRS 2T Y R CCS FAN ZRA.

. Injection . Closure and post-closure . Whole process
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14.9 BJRKIF TR H KM ME R B0 %
MR X BB E
o A B R SO £ 7 R

R CO, MR AZRELA W ERFEZHAKIT S, B COENERMEETRIELEE B
M, R A SIOR, ELT R R BT W0 R L R RN EE N, R
REBEENG T HAER CO, NP HF 70 TARNEEMSE, HH TEREET AV, BIRLE fEH
Tk, AWM T RBEANKT EREREET AN ZARRME. HAREREN: BREELATHH
MR HAL RREHEFAKE YT S ANE;, EaREfREHER A COMEM, KEH
R CO, 4 AR, TR A7 3P R B CO, v 5 A A K EAE ;. RABUE 7 RIFN IR 2 B 5 I A LN
W EIr, YRBEHNNT 1 MPa, ZEEXKEY HOBR;, YRBEH K 1-20 MPa, EEXAESFZHRE;
YRBEN KT 20 MPa, =B KA.

= ==

Nanopore scale

TS 5 gt ;
Injection well Micpore'scale

> Caprock

Reservoir
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