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Key engineering technologies of one—million—ton CCUS
transportation—injection—extraction in Shengli Oilfield

SHU Huawen

(Sinopec Shengli Petroleum Engineering Co., Ltd., Dongying, Shandong 257000, China)

Abstract: CCUS technology is a crucial technology for achieving the goal of “dual carbon”, involving process such as capture,
transportation, injection, extraction and re—injection. Shengli Oilfield has developed essential engineering technologies for
transportation and injection through years of exploration. To manage the phase changes of CO, and the risks of long—distance
leakage due to pressure loss and temperature variations, a safety transportation technology for long—distance CO, pipelines was
established. This technology is based on phase state control, ensuring efficient and cost—effective transportation. developed China’s
first casing pipeline transport pump; and built China’s longest long—distance supercritical pressure CO, pipeline, which makes up
for the shortcomings of the long—distance CO, transport in China. In order to meet the needs of high—pressure injection of large—
displacement CO, in the demonstration project, China’ s first high—pressure dense—phase injection pump has been developed,
realizing high—pressure dense—phase injection of 40 MPa. In view of the problems of high injection pressure, high gas—to—liquid
ratio, low pumping efficiency, and corrosion of CO,, the engineering process technology of injection and extraction supporting such
as safe injection of gas pipeline columns for pressure—free wells, multi-functional oil recovery pipeline columns, and corrosion
prevention of CO, repulsion has been formed to realize high—efficiency, safe injection and extraction and long-lasting corrosion
protection. China’ s first multi—field, multi-node, one—million—ton CCUS demonstration project integrating pipeline transport

engineering, injection equipment, flooding and sequestration, injection—extraction process, and gathering—transmission and
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re—injection, has been operating well and realizing “smooth, safe, efficient and green” operation in all aspects. This summary of the

one—million—ton CCUS transportation—injection—extraction process and supporting equipment in Shengli Oilfield is intended to

provide reference and guidance for the construction of subsequent CCUS project.

Keywords: flooding and sequestration; full chain; pipeline transportation; ground engineering; injection—extraction process;

Shengli Oilfield

UEAER , AR AR R I, H 545 Hiu AR 3ty K <
WA St A e T A R T A S R e, A28 Bk
T R 2 AR 1 AR AR A ) R R R
AR Co, &g BRI S, A
[ 2y 23 15 D80 UK, I AR 4% 4 H ik b A E AR
20204F9 H , 23V EEAES 75 Bk A B ok LR
th s SR A ) 09 BUR AR it , CO, HET 1 4 T
2030 4 Hi 3k B WEAH , 8% 77 4+ HL 2060 4F ij 52 B g
S BRA AR RIS B 7 (CCUS) 78 32 Bk 7k A BH 7
(8 TR, T e R SR, LA ER A S50 2E A
ZTERER 2 BT DT AT R B s R

Sk T A X E A, v 2 ARSI A
H Y CCUS /R VB I0 H B IE AR Y K5, 2022 4F 8
A, EEAE MY CCUS W H—3F & A1k -k
Fl i 5 EOE AR AR . ARRe AR N EAE AR
A T2 CCUS 2 i By TR, it i ml i 4
FEEHF CO, B 1T 150%10° ta, H [ £ 9k 48 [ 1E 76 2
1 A0 4% K BT T 140%10* t/a 175 A3 FH 100%10* t/a
IR TARE NI Z A CCUS/RIETI H I H 54T
M S ARAR L LR (OGCT) 2 [m] 5 4] (4387 455 CCUS 7k
EFEEHESE T, T3 2030 4R 3K iR 1] 5 4 A7 A
ALETJTME B P ZE KA A AT BRI 2 i 500%10° Va
M CCUSTH . 202246 A, ARAE KL ZE il .
T BB R o R P U RS A Ba 2 A N L IS N2
TBIX CO, 4R FIH 5 BHAFEERE I H intfif a8 T 5%, 0
FHE A FUE A7 CO, MBI FE T4 A 1. 2022
E1LH i EA RS TE R AR b XS 2l o = A TR ik
KT T Mg CCUS T H , Al Toll Al #2 4t — Ak
CO,MHE T %, BE Aot h E s R Bk
YNGIS

R SE LR H bR BeAli R R KB AR EOR
WAL I BV, A2 580 CO, K B ik £ R
M, E S5 CO, s M AR S M A5, i
A KIUBEL CO, i 6 & 28, T [ AN E CO, 1 i B
RO R T R Z A, I HA 7 000 km
[ CO, it 2% & 2k, {H CO, & 1 i 6 % A % — I b

W PR D R T HE O S CO,7E N R
A T ETE CO, A B AR T B AR D (Y
25 1 Rk SeatE AT & v I 25 2 T SR 1) il R
AEBAR, AR R IOR Al D CO,BRAE A &
A FEEFHA . FILE R T, COo, KB M
VOB 2 A DLRk A2 Fy 0 SR 0 B B, 7 N A R AT 1Y
KT, H CO, B Rk HOR BB 12 52 I8 i
R CEE . E R P R R I 5 AL Tk 2P By
B MRSl K IO A A R R 4 i
JIC AR 1k A5 5 T DGR R R il . ORISR HE B
CO, B IEHBHA B4 TR 8 A 9 45 AR 7%
L Pk T AR S 1

TR T 202 CO IR LA i s R4y, R 7K
LR AR, B R UE I R TR S A
VEFH, TR kA 56 22 20 i TR R e ", CO, Bk R
FERNSE AR DO T 5 A AT, K BRI FAE 1990 4F:
SIET 4 0 EAFERN9 DRI B, IET
1991 4EFF & T CO, 3K 56 T35 , H 3 4 7 1% B AR
P I H AT TR 24F . AR EA L CO, IR
KIFFEIEAE A A R R R E T 2T
KW T, g KIHETE, B X CO, SRR
TAHAT T R S, M) 210y, Tk
S5 . B E CO, MR R T4 H AL Tl Ky
Bt SR BEFBFAEZEL . CO, M RIFFEFHEHE
144 AR SR AE T T AR R 1 8 M R IR S R
(R B N LR 2004 4F rp LA AR AR AR 70 A< A1
HE P BRI R IR S DR T TS
TR A R D e AR T Al e
FE DA v AT R A8 T, 8 R TR
A A B X AR 2CRT DS B B 0 A7 2k F
2 BRI, S A N F R DA AR A
] TR . MR CO, BRI FE R IR B
R e AR TR A AR i S BIE AR HE A AA RSR T A
FE U8 3 A B 3l FH 2R M A Ol Co, 3R St Bk BR
C31 5 JF I H o ARk, [ I I FE CO,JE b 5 B4
G TR T R RS, — R0 A



12 FPAESC A T I CCUS Fi e R e TR AR

2024 4F
4k

W o, I AT T 0 i 50, ROR B 3
S [ 5 A0 SR vy R 2R B MR B Tl A B L
HAEHEATZ,

SRIMT, T CCUS B E AR RS T/, w5
ik —E A —R th— IR G OB R T e e 103
FEMELL S CCUS R M aiia 17, HLE = (b A B AR,
IR [ B R OGRS A, SE I A B CO, PR
BEAEAT . BER T 7 g% CCUS T2 f ik o
H T I B A i S A AR AR T R i
FU i b g A 1) T 28 5 R OGN il T
BT R SR G TR R R o 6 R 2%
CCUSHI T R TR T2 5REHRMIT T RG 04
SiER, LI NG 2: CCUS TR ISR LS S fns 5

R

KR CO A H A A2 MR Ty i 22 55
PRI 3RS oy i e RS 22 s AT i AR A A K RS
JE§ oy KA W3 2E A A KU, 2N CO, R AL 2 A A8
B R B BB T 2K CO, 5 B R AR AR 1Y
[ R, 28 R MO Je T AR SR g T B T AR
Pl B RS CO, A 22 ik T 280K

1 KIEE COBHlE L%

1.1 BEFE&EH B CO,EHmasRERA

J T BRI CO, 3% 23 PO 2 TR X O IR A
YIRS BT , TS50 0 T ih e T
B2 COL MM 5 A 2 KO, L 57 )7 TR
BRI HEAR A ST CO RS RN 20 I 1l
B R EN R 9 COLIRA YA (B 1) 875 N3 CO,

12

—m—4liCO,
—e—2%N,
—A—4%N,
—v— 6%N,
——8%N,
10%N,
—»— 12%N,
—o— 14%N,
—5— 16%N,
—o— 18%N,
—0-20%N,

[ 71/ MPa

BT AN[ZR B L CO IR & YA
Fig. 1 CO, mixture phase with different impurity contents

Y 5 AR R P RIVE LS . BIFOE & B, Y 4%
BB B TR B 4R T CO, B TR X i RS K
HRAE CO, B h PREE IR R 2514 , A A 45 CO, % B A
F900 ~ 1 200 kg/m’, 5 F I IE CO, HIA Rz , 558
100 km P JER#/NT 1.0 MPa.

1.2 BEZEHHSEMIERER

5 CO, KBS A fan i A v, e o i e
YRR B R Y5 K CO, I B AR 3 3l , 33T I 5 A5
I, A8 AU W A ORI K, I i o 1 B 2E 0
N TR 5 AL 3 oKl A B RS Bl A I A
St T BUE TR T IR 1] €72, CO, PRIEE A AR AR S
ARAE AN G AR S SO RO 2= T ok 2 AR
RS N AR R TR BT 1 3 i T8 UK R
MR #0722

i T A i CO, G, W T AN Co,
2 ST A B R AT B AR AR AR R i A B 2
B AL, T B At 0 A e T A B B A S
WA AL, F8 s R MR o AR MR AT
EIE MR G, A I 5 CO, il fay ik i
A T Wk ) S 5 A T A A 3 S o)
SE AL 14 4 A Tt AR A S5 1 AL R, 45 5 CO, A TE 1Y
LA

BT R RE SR, % 18 CO, B
FARFAFTE N X, 256 CO, B I8 P 38
TUXT H T, SE B T CO, A8 TE W7 5240l e i T A L
N5 A4 T CO, I T 5 JEE ARF AR IR AT o 7 8 Dok
R AAGE IR 05 A G AR A TR At AT 1k )
PEVEAR RO A A S5 18 T A Loy Bt
FHAFSRL BEREPPAL A TE RE T KR A B 1R, IR AT L
THE DU PR TSR R i 5 die /) bl R 2K

1.3 CO,EiEgitimiaill 5 EmpriHA

BLT CO, i 26 A7 1 itk U J 300 30 37 K AR 8l 700
PRI Hr R, ) ] S 0 O I 5 5 R g s
(L IE R CO, M T R 2 A 5 LUB I 5 CO, JE il AL
BN LR, b b B B DA SRy A GOUL B e 1 25 W i A ST
T E Y B iR S R SURRPE 22 ) B ROG
F 5 0 VA B AP o M TR 50, W A TE TR
R B R o, R 2 T AU

1A 2 CO, ik A it T i, 745 80 it D
13 BE 37 LA R B R R OB AR B B



2024 4F
F14t 1

ETHESC R A D M CCUS i R G TR 13

TGRS X G AR AR B TR R |
ST OGET X S BRAE A3 I TE R T 2 CO,
(ESERI R Rl e .

SIERTIV-SNE 2 iR SR e STERSERITAN
B IR SRS LTI T 2 M
U 40 JE o S M - R S 3 AR e R [ 7 A, Sl
I 53 CO, B Tt I T U SEREA, s T 17 Hk T3l HER
RS I 3 A 2 A R PR E - &, ] S B
FOLHT FH SR P800 A B ) 8 kA5 SR W, AH SR H AR T
IR I 5 CO, 2 WL fh AT BT

1.4 CO,EWIGER

BTG He ik AR R H AR ALK CO, b Fv/N (i i
2255 (), 7E 25 O AR ZE A Y BE Al b, s e
J L T T8 235 4 ofe 4 o O o, 42 T4 R o R v A
Ko AR AR A i TH R AL R R A 3% Y I L
JHAPHE ARG () SR Bk sk ) ( PEEK) &2 5 M I, il T S5 AHAS
HEHPE2ZE SR, CO, B A rHEE 125 m'/h,
A 1 km, 5 ESMA LT AE 10%, 877 5B 17RE,
IBATRRIR B 72% ([E AP R 2SR AE 65% 2247) LT
witfars (E2),

BIEE B0 3 R I 5 1Y CO, K ATy 2533 R
For s ALY T e R0 R L DA B A PR | TRl g
Tl A58 T, A i e e R 1 B A R A
F T B S5 A DR UE B 0 ZE AR AU B i % R0 R A
R R T RS HERE I . Rt 2 E AU B p
VRS | Sh MG AR B W AR B0 T 726 W 2R 45
e 2 VR D SO BB L A S LR i A TR
B A 3% A0 JBT CO, MR 25 Y U " 1t . CO, 87 18
iy L TR UE Y 1 TR 7 12 MPa, E HER 125 m/h,

a.CO, EF A R L1

BEBCRANINT 72% , PR 505 0.6 ~ 1.3 mm, S

BEACEST
2 CCUSHbIATTE A TFEH AR

FEl N A0 Ml T A T R BR8] 5E T
AL B DX R 2, 76 CO, BEIEA 5 21, 2
BURBE I A 34 T2 2 HACRIR  TEA RS
A, 2T ) O BC AN - AR DR 8 2 T
HIRHER CO, TE AT 2L, ARG ] 5 PREE iy S
W, SE R T A B A BB R B R AR, OF
FEMF L T HENE G2 CO, w3 AR T AR KRR
WHEAZR

2.1 FREREIZRN

AL BT R % | A S L RCE AR
HEA 3 B ORI A TR AAS A2, K R G0
Fid G TR 3 AR 3 A B B R AR
A ARG AL s @B 2R A AR LY
WEEARE S BB S AN TERY BRI IEA RS,
T XU A Z ALK s OB AL A A 3k |
5 B ALTIRE , LB R AR 1A%, A S s @R
Gi— W RSFANE R 4 ORI, 52 BUAR AL )
i PRI T B

22 ®ESHNTERREE

QUHT TR B A 2 AR S CO, IR 2 FE A M5 |
CO, fit Ui 12 il e A, WF S 2 22 H A M e B
TR Z/NT 7%, SLEZ IR T 5 0 I ik 2k
T —JE XS Z2 I [l I T B RS, BEORR T [ PN A 390

i
e |
b.CO, A Hi I R IR T

K2 CO,EHiE R
Fig. 2 CO, pipeline booster pump



14 FPAESC A T I CCUS Fi e R e TR AR

2024 4F
4k

A NI ZS o 12 S BCA IE CO,is %, S B
IS DA T . HET26 BB L
B - SRS

23 BECO,FHENE

CO,7E i e E A B P AAAE L R 3k : Ol 1
T, CO, B T F 3 5 1 R 9 MPa, R 4n#s CO, A
M2, T B R 2 40 MPa, JE S8 345 L), i
& CO, B IR FE Hh 20 “CHe T+ 5] 40 °C, CO, H %% AH
ARAS PRI AR R I PR s @I 5t Co, HAT R
[ R 461  FEAE IR AR i Tl b CO, SR B TE
a4, o R RS | S AR B A CO, it
b R RGRARETIE , BRI @ R R
BB, [l e AR FE W R 25K 5 Ak

ok A M AL ik I 2R R O B T
ENE AE CO, M EEm A I A . i R AR HAR
{18 AT T 45 ) IR 2 S T B R | 0 /N A 9 0z vy o
5 ST it ¥4 2 T ) B e A PRl /1 g e 2o R o
MGG . R FH R Bk kR (PEEK) $T9 Ak %5 3 2
AR, BN T SR A B R e
I L CO, 2 B ), SC B T 4t AR s M i A, 1%
THRRE G510 1 07 P48, 8 — 8 40 e He i 1) <A
IR, e T 17286 K 5 SR Rl i, %
HEARSLHL T CO, B MR T e (40 MPa) Fa a2 7
AL RIS 5 R 90% LA, EURM FE PN 7 1245
A A2

ZER

R TRE & CCUS B s B AR R85 , O, 3R 5
BAEER T8 R B & R T L2 A RME . &S
T LG SRR 28 T RICRAR 5 T R 2 4 A N T ol
T B AR A BEACR AR S [ A, ek il
W= N R A, A EEE T R e
HAEH L CO, IR Z I HERIMEFE . CO, TR 1 B 3 |
P I R R R LR TR T 2H A, MIRE
IRIB BT CO, 2 TR AR IR 5 AR I S 4

3 CO,ER

3.1 BEHZREIREHE

YRR O A 7 I A 5 P 5 2 S A A
I T CO, BA B i A I KA (ol it T A AR
Ta U, Wt TR e E . 1R

B IS AE T Bk R Y B BB A TE T U R
R T AP 25 S DA T A S e I P o 4 e ek
5 FR S T AT DU S DR 5 2K T 4 D R
AT 5 S Sk 010 2H L EL A AR Sk K0 BY T AR
MRS R R E L& FEH S B E SRR
oK, I BB A A 0 D RE s SRR IR B T AR ML XAy
EFERAN VR RIS SRR AT B — R, E TS BN
VBT , N7 SRR A S ST BRI 7R SR T Y
R WA AT IS SR, 26 10 5 B N U 3
BRI A A A 4R Wiz FI Gl
S AT, R A ARG Bl , ORI IR R TR
PRV, R 2 P b B AT 4 s @l T 7
SCBEFHAR A o B A2 AP i, >4 5 A G2 b i B2
PRAPBEE A E IR N RIS E A T DL Bt
A, SR E A AR I, 2R iR 2 AR 4 =
FIPE s @RI - U & F458 , 18 B U
BEERN, N B N AR E T @A 2 ke
TR AR B R T LR B A AE AN AL

32 CO,REINEERMEH

A2 ISR L CO, BT S I, B 2 T SR I 1] A 34
T, SCER A 5 A5 R 2 2 R, i PR e TR T
AT, DU TR PR A S R TRl A R] o xd
ANTR T B LA B, [ I 2% B 30 7 (S e S 4, 182
TR AN T T OGP SE SRR I B R A
A CIET3) , I HE AT LS 8 e =Gl L i ol A

i

et

RS

== R

S o\

K13 SR HELS

Fig. 3 Structure of oil recovery pipeline



2024 4F
F1at H1

ETHESC R A D M CCUS i R G TR 15

SEAFIN i E AR e S . HOE AR
H2AT 121 ~ 125 mm, HIEA KT 3 500 m,
FIAR KT 30 MPa, R A = F 150 °C.

33 CO,REMpHRERA

T Sk A R e R A 2R AL T SR
RO BRI Z — . SRk CO, MRS T, A%k
i e R R L T o R 2R T 55 35 20 mm/a. B CO,
K 5 B AT B WK, 2R 70 R O,
o H 7 A R g, R T A AL A o T R T R K
CO, 9K i3t A5 A A L T 1th 2 Z2 Fh D 52, 322040
FEE R LAY (CO, 40 FE B /KR pH A R 5
i AR S A S L RS e
AT 43Sy 4 T JEE PRI SR R S 2 25 L N SR 5
FEHT M IKANT 30% B, R 42 B ol 5 24 5 7K A
F30% ~ 50% i, J85 1 3 bR 2450 8 ol 2 A Ohy Jey
Tl 3 SR A T ok R R 4 o e 3 RS )
7E 50 ~ 80 “Cik #l i K{H . B CO, 53 FE3 m , B 4&
N80.J55.25CrMnV A 7E PN 1) A /) 457 B4 5 Fofo 5 ekt skt 42
Befk B 2T BT X R R FREE CO AR
I, COLEA T h s fig i 5, CO, 57K B A= i)
TR B3 0, B T A AR S Tl A FH S 5iR , J68 ot sz g
HRTNR

FF SRR ST, T AL LA INZZ B0 Sk 3 (T
v B Sk TR P ) Y e SE v NI Y A 11 B 2
PR FIBIE T R SN 28 b R SO AT
R 2 2 g2 ik 390 1 O =2 W R I R s R
JE IR R o 28R T BlZ
PR 28 1l 590 B i 2000 23007, SRR L &
o ES NI Fe™ i (IR AR A L AR
AT 235 SR ) R b R BT R R i . Bl
TSI SRR — MR/ T 2 mm®/s o FHUBE A4 5T 12t
BN IAE I BT B A B 5 ~ 75 . FEMIE B CO,
ISR Bl B4 2% 17 1 3o e P A P 00 26 0F R S
WKISEBER CO, 2% Tl 751 11 22 ol M i 0 38 I I 5 D vl 5 ke
WIS 7 1l ) ELAT BRI T, BB S R SR A AN R I
(4 B 7K P, DT S 225 4 T 492 o ) 2 o 1 i 5 R R K
A K 2 folt 1) 7 45 Yk CO, AR R 23 2R 5, 2 v T i T K
WA RS 43 7K i, e 500 2R T DR T o8 1 T k= )2 BHL
18 T 2RI . 7E 130 “CE&HET B R i)
1t 100 mg/L B, 45 B4 80 Fh N8O fy 5 ok 3 I T
0.076 mm/a, 2 AN 91%.

3.4 CO,IKF ik TZHA

AT CO, JEUI A& M BRIS ALERL, O BT
CO, JEL M AL DR R T A8 5 B2 4 R T AN ] N 45
PR XF 43 B ORI 5E 0, T BT SR 53 15 B i
B A BLAR B A o SR Hh R B 2 TR I K + AR E
JE 2 P BERR” T.25 , e PR 3 JBE Ik S 7 vh 45 % O, 5 R
KR AR R T2 BB R /K h g i CO, it AN
KT 50 mg/L, JH Tl H I % o ddat o i Ak 41 oy
VLR R Ay Wi 5 o e o 2 % ZLAR VR R PR R 52 i)
7 0 52 e DR 3R O 40 B AR MLBE 5 DARREFL A
N LRI TR AR K KGR R L ik o A
T AR P8 (AT 280 R LT R e ) 4 T S8 5L
FIAIAE AL, JE B 1738 F T CO, BRI e R
LI, B AS CO, TR 90.3% , 7 B K B B R /N T
90% , 7K H & Tl R /N T 500 mg/LL; 18 33 43 B 5 7 CO,
K K R Bk oK e o, B i R IRE
A 8 X et R 23R 1 S M R L D B TR K sk
AR AR H A, R K AL B S U S Co, fr RN KT
25 mg/L; il i X R 4E MLIEAS TAERREA Y, 25 4
HLENLSHLA RGBT RZS WA R G
il S50 AR 5 G A A ] S AR R DT i B
e R T A SR AU B AR A2 A4 3 e ] 1 ¢
il B CO, & R T 30% ~95%. KA M
CO,, FF R I AR e W B itk AT Il 8 AN 188 . L
JE TET 3 8 7 SRR TS, S8 HE R 100% [RTg
TR, 3 CO, R IR .

FEXT 7 I ARAL S A B AL T AR AR
H AR CO, & it 22 S Y ], JE BRI AR | RS
fRfg L bR — A= B A ORI R . R
SEE 4 R A S B 5 A B B ORI OR T8 b, KRS
He, SA LR, HAET, B AR 7 R H & 89—
B 142 b X CO, BRI 5 3 A7 7 v TR 7 ) vl FH 3
113 Heyb P - B CO, 3K 4 i R R S il e T 7 4%
WH g AT, Horb R 89— 142 101 H B % A iz
11,38 PIRBL R 4T

4 WEFHH B T g CCUS /R~ T2
2022 4F 8 H , b [E A AL #BE A T I g)

CCUS 4 7= b 5 7 Y T 8% 76 i A 3l 1 v 89— 8% 142
Hiy XA A T A AT, 1 TR R CO M TR



2024 4F

16 FEPAESC . A E T g CCUS Hir e R o bt TR H R 14k 1
i AETEANEEA
Sy CO/Y B, AL
3 a: 24 . ~
I WEASTE NS % d=D
Hq o
ﬁ:::::::ﬁ ::::::::d;. @
oo : A CRIIE
Fafidk it i
CO e o
TR M
S A 43 BT b
- @ | A B A
g g L * |
I R l
SIS & ‘
€O,
THIEC K I A7

P4 JHEA P R CCUS 7Ry TR R
Fig. 4 Process of million—ton level CCUS demonstration project of Shengli Oilfield

B TR TEASES IR EE R T AR
h— R 2R 2 R R G TR, TR R
K4 P .

2% T AR P SR A BB I A ) €O, KB AE i
55T T E CCUS 2% S MBI B AR S , 9870 424
iz Ax 10T, B B 2 55 g BUAS BTG 35% , 120
KIRTZ)200%10% m, 24 A HE ] I /2 50 MPa
AT R A RO 4R & 5.8 4%, 0 Rt
Jiti 88 JR o 1 SR LU I B R s R St 68
FL3E S22 HE 130 mY/m?, X 580 35.1%, s
0 DX BT AT SR A 5 6%, 1 2 I T DL A LA
2T K

by T TR DA T T (AR A R R SR e BR
“CHALER PR, T TR ER K. HhEAR
GARFCIA I, JCHTHEAE L, B 15 JAE T Al 5 R
PR RE 2%, SC PR A 2228 5 T 1 X IUf B Ak
feHE L SR P I T NESE ML R, 4R
R GARFCINA 355, A PG 315 2 e X Sl s, Jtih
ST AR A 5 SR TR S B e A A A i 5 A R A
BEMATE L SR B R RARANHE” . RSBk
J& AR gE AL =R R . B Co,—Ik
EAFR 60% ~ 70% , K EHFRIK 90% LA I, Z KA
I, AP CO, FHA7 o [R) A 5 B W W0 A o7 A7 152
5044, ARIBCT FEASE Gl ELE R KRR IR
LTRIZE MR K FREE W 2 000 24, 28 CO, it T
i PR LR A 4

20224E8 H 25 H, BN A~ E JT i gk CCUS IR
PUENNI == o T 97 R N £ P & I 3 B e WA S
29 MPa, H 7ES & (0.12~0.18) x10*t, 211K &

55.4x10"t, Hy™ild 331 ¢, = A oA T, S K REf
AR, A IR B AT R, PR I G S, SE B
T EA R R B T,

5 4k

JiE )3 T 2% CCUS AR E 4 5 2 v T I
P A i oy R AR L SR T e R T S L R L
Pl iR A5 ) B, 2 R G JE R I FEIE BT i i
R TRRBA, SCHE T H T CCUS /Rl T REEE
¥, CCUS HUBLALHES 2558 T R4 Skat

1) BFXF R 2215 R B9 CO, A K I 2 it Ui
DRV , ST T T AR ARSI K IR R CO, Bl & 2
BTOHAR, s & Tk, PR TEHNE G
BRI, & T ENERKNEIGSES co, &
W ANSE T HE CCUS 2Bk SRR B AR SR

2) R R TR K HER CO, R TE AT
BESE T AW LA R IR ER T
ENE A ESEEMEAR, L T E80EA

3) £FXF CCUS/RIE X SR 1 m R 8
Pl S ), R T SRR AT E R R LCO, K E
T RERANEFE L CO, IR ik 5 47 R 7= H A TR [l 3 T
AR T B A AR B

4) BT P EEAME COE M TR TEAMR
KM B AR T2 AR P — R, 24 £
TR CCUS/RYE TR, A& H 17 ia 7 R4F, SE 8
OFEFE A R SR B T

5 % X m

[1] it e JRC . BRI A AR 8 R B Sk B )], B AR 2
1%, 1996, 5(2): 5-14.



2024 4F
F1at H1

ETHESC R A D M CCUS i R G TR 17

(2]

(3]

[4]

[5]

(6]

(7]

(8]

(91

[10]

[11]

[12]

SHI Yafeng. Features and tendency of global warming and its
implications for ChinalJ]. Journal of Natural Disasters, 1996, 5
(2):5-14.

EsE, MEE, L, S IR IX A R K 2 U
ZEAR RSN KE A, 2023, 38(2): 226-234.

WANG Jiahao, HUANG Jixia, YANG Linsheng, et al. Multi-
scale temporal and spatial pattern analysis of natural disasters
in the circum—Arctic region[J]. Journal of Catastrophology,
2023, 38(2): 226-234.

AALST M K V. The impacts of climate change on the risk of
natural disasters[J]. Disasters, 2010, 30(1): 5-18.

M A . W T 3 SR USCHE BOR 1) & i B FE D). 5 e
HIEIEE IO, 2012.

YANG Meijuan. The development and effection of European
Union’s policy on reducing greenhouse gas emission[D].
Qingdao: Ocean University of China, 2012.

HAUGEN H A, ELDRUP N, BERNSTONE C, et al. Options for
transporting CO, from coal fired power plants case Denmark][J].
Energy Procedia, 2009, 1(1): 1665-1672.

HASAN M M F, ZANTYE M S, KAZI M K. Challenges and
opportunities in carbon capture, utilization and storage: A
process systems engineering perspectivelJ]. Computers &
Chemical Engineering, 2022, 166: 107925.

MCCOY S T, RUBIN E S. An engineering—economic model of
pipeline transport of CO,, with application to carbon capture
and storage[J]. International Journal of Greenhouse Gas Control,
2008, 2(2): 219-229.

JBUKIE, ERH, i, A BRI AR AR AT S
FAEOR BT AR . SR, 2023, 29(4): 98-108.

GU Yongzheng, WANG Tiankun, HUANG Yan, et al. Carbon
dioxide capture, utilization and storage technology and
engineering application for coal-fired power plants[J]. Clean
Coal Technology, 2023, 29(4): 98-108.

s, T, R R E SR COo, Ry B ——
ORI A PR A S HLEL. A THEE, 2005, 24(1): 1-4.

FEI Weiyang, Al Ning, CHEN Jian. Capture and separation of
greenhouse gases CO,: The challenge and opportunity for
separation technology[J]. Chemical Industry and Engineering
Progress, 2005, 24(1): 1-4.

S A AT AR A AR R S A BOIR S R
1. FEBHRZESFI, 2020, 38(2): 110-117.

HAN Xueyi. Current situation and prospect of carbon dioxide
capture, utilization and storage in electric power industry[J]. China
Resources Comprehensive Utilization, 2020, 38(2):110-117.
TP, B Bl A S AR S B
FMANBITEN. 41 %, 2022, 51(8): 29-41.

WANG Xiping, TANG Rong. Research on business model and
policy incentives for carbon capture, utilization and storage in
coalfired power plants[J]. Thermal Power Generation, 2022, 51
(8):29-41.

ZEIRR, Xz, ZRB T, A [ PR AR RIS AR
ik SR S S F M. $AT0 %, 2022, 51(10): 19-27.
LI Nana, ZHAO Yanqgiang, QIN Aning, et al. Analysis of
international carbon capture, utilization and storage strategy

and scientific development trend|[]J]. Thermal Power Generation,

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

2022,51(10): 19-27.

ZBH, RIHAE, fliRed, 45 . TRk CCUS @i B R 2 I
BEREL]. i “URGEA ST %, 2022, 12(5): 711-725.

SANG Shuxun, LIU Shiqi, LU Shijian, et al. Engineered full
flowsheet technology of CCUS and its research progress[J].
Petroleum Reservoir Evaluation and Development, 2022, 12
(5): 711-725.

kAT, Tl T¥, % COHRIER T 2N S R A
IR T2, 2016, 38(6): 869-875.

ZHANG Shaohui, WANG Kai, WANG Ling, et al. Development
and application of CO, flooding[J]. Oil Drilling & Production
Technology, 2016, 38(6): 869-875.

XIERHT, MR L, SRR, 55 Tt CO,JE il 4544 i e F 1.
JERLE SRR, 2012, 24(1): 77-78.

LIU Jianxin, TIAN Qizhong, ZHANG Ruixia, et al. Selection of
CO, resistant oil well tubing[J]. Corrosion Science and
Protection Technology, 2012, 24(1): 77-78.

Kl . CO, B LRI T 203 T B ) R A i o S
ST AL T, 2013, 23(22): 48-50.

GUAN Hongye. Design of CO, flooding supporting oil recovery
process ideas[]J].
Petrochemical Industry, 2013, 23(22): 48-50.
AEV . M AR BRI H CO, BRI T 200, il < H b T A,
2013,23(5): 49.

XIONG Tao. CO, flooding oil recovery supporting technology in
Yushulin Oilfield[J]. Oil-Gas Field Surface Engineering, 2013,
23(5): 49.

ardl, XU, BRALAR, 45 BEAT (RS M CO, IRATIRE AR M.
Jemt: driE AL AL, 2015.

YU Kai, LIU Wei, CHEN Zuhua, et al. CO, miscible flooding
technology  for

0l A

and  problem—solving Inner  Mongolia

low—permeability terrestrial ~reservoirs[M].
Beijing: China Petrochemical Press, 2015.

SRIETT, XNEGNG | [ P SN AT CO, 8l 22l 700 ) BF 5 30k
JEL. Al AL T304, 2007, 10(4): 53-57.

ZHANG Yanfen, LIU Heming. The research and developing
situation of carbon dioxide corrosion inhibitor used for oil and
eas field[J]. Petro & Chemical Equipment, 2007, 10(4): 53-57.
AR, VLT, FIEE Y- e I AR LS B CO, R ik 2 5
WEA0. A mE R, 2010, 24(11): 21-25.

WANG Linhai, SHEN Jing, SUN Aiping. Anti—-CO, corrosion
inhibitor development of a western South China Sea gas field[J].
Total Corrosion Control, 2010, 24(11): 21-25.

EPVETR, QRT3 . SOR AR ZE i 70 £ 0 A K P
REFILN. A5 RIAAUE T, 2001, 30(4): 200-201.

SHU Zuojing, LIU Zhide, GU Tan. Application of gas—liquid
two—phase corrosion inhibitors in oil and gas field development
[J]. Chemical Engineering of Oil & Gas, 2001, 30(4): 200-201.
CLAUSEN S, OOSTERKAMP A, STROM K L. Depressurization
of a 50 km long 24 inches CO, pipeline[J]. Energy Procedia,
2012, 23: 256-265.

WIEBE R, GADDY V L. Vapor phase composition of carbon
dioxide—water mixtures at various temperatures and at
pressures to 700 atmospheres[J]. Journal of the American

Chemical Society, 1941, 63(2): 475-477.
(FT#F 40 7)



2024 4F
F1at H1

K, GF L JRUK R T CO, IR AR RE TR0 5 ¥4 10 1 41

[18]

[19]

[20]

[21]

[22]

[23]

Engineering, 2018(3): 125-129.

XING D S, SHEN J Y. A new Markov model for web access
prediction[J]. Computing in Science & Engineering, 2002, 4
(6): 34-39.

UL, D, FHE K T KR X ARLE A 2SE
BETII]. SSE s i RS TR SRR, 2012, 12(3): 1-5
LOU Yanjiang, MA Yanli, HAN Lifei. Regional integrated
passenger transport structure prediction based on Markov chain
[J].  Journal
Information Technology, 2012, 12(3): 1-5.

WER, T . FET RO RPN 58 4 /K75 Je il
BN 22N 2SR 22440, 2018, 37(2): 110-115.

JIN Chunling, WANG Yunxin. The prediction of sudden water
pollution accident based on gray Markov model[J]. Journal of

Lanzhou Jiaotong University, 2018, 37(2): 110-113.

of Transportation Systems Engineering and

SHEN F S. Prediction of farmland irrigation water demand by
grey GM (1, 1) model[J]. Water Resources Protection, 2007, 23
(3):33-35.

UMURZAKOV U P. Prediction of prices for agricultural
products through Markov chain model[J]. International Journal
of Psychosocial Rehabilitation, 2020, 24(3):293-303.

TR, Hin, REZ R T RK A5 RBP4 4540
R BBTFEN]. AR 2R, 2009, 15(6): 66-69.
WANG Weimin, WANG Yun, ZHANG Guoan. Grey Markov

[24]

[25]

[26]

[27]

predicting in the analysis of cigarette demand in China[J]. Acta
Tabacaria Sinica, 2009, 15(6): 66-69.

PRI, FHR R, E L S BT TR SRR A R
BB HFTRHEE A, 2022, 41(3): 222-227.

CHEN Feiyu, DONG Lifei, WANG Miao, et al. Prediction of
foundation bearing capacity based on grey Markov modelJ].
Bulletin of Geological Science and Technology, 2022, 41(3):
222-227.

AR, R ZE . FETIR € 1 JRR AR LI 2 AG A o it
o . 2SI EAR, 2017, 17(1): 51-53.

ZHAO Zhenwu, MA Jianjun. Prediction of the amount of
dangerous goods to be inspected by the airport security
department via the grey Markov model[J]. Journal of Safety and
Environment, 2017, 17(1): 51-53.

WANG X, PAN L, WU K Q, et al. Experiment based modeling
of CO, solubility in H,0 at 313.15~473.15 K and 0.5 ~ 200
MPa[J]. Applied Geochemistry, 2021: 105005.

WANG J L, HE B B, XIE L F, et al. Determination of CO,
solubility in water and NaCl solutions under geological
sequestration conditions using a fused silica capillary cell with
in situ Raman spectroscopy[J]. Journal of Chemical &

Engineering Data, 2019, 64(6): 2484-2496.

(h#E FRE)

(E#%1770)

[24]

[25]

[26]

[27]

[28]

[29]

[30]

VESOVIC V, WAKEHAM W A, OLCHOWY G A, et al. The
transport properties of carbon dioxide[J]. Journal of Physical
and Chemical Reference Data, 1990, 19(3): 763-808.

BV, A, RAFAE, AF AR BRI S CO, B T R ik
FEERFSELN. L 5 R T, 2020, 45(5): 77-82.

LU Jiaxing, HOU Lei, WU Shouzhi, et al. Research on impact
of gas impurities on pipeline transportation characteristics of
supercritical CO,[J]. Low—Carbon Chemistry and Chemical
Engineering, 2020, 45(5): 77-82.

BUIT L, AHMAD M, MALLON W, et al. CO, EuroPipe study of
the occurrence of free water in dense phase CO,, transport[J].
Energy Procedia, 2011, 4(22): 3056-3062.

AURSAND P, HAMMER M, MUNKEJORD S T, et al. Pipeline
transport of CO, mixtures: Models for transient simulation[J].
International Journal of Greenhouse Gas Control, 2013, 15(3):
174-185.

MAHGEREFTEH H, BROWN S, MARTYNOV S. A study of
the effects of friction, heat transfer, and stream impurities on
the decompression behavior in CO, pipelines[J]. Greenhouse
Gases: Science and Technology, 2012, 2(5): 369-379.

FLA M, SCRERR, BARY, 4% . 1320 DI i 6 I i B Y ok
HLEE(T]. b5 B4, 2019, 40(7): 502-506.

KONG Weihai, AI Zhibin, HU Pan, et al. Corrosion mechanism
of the stationary section of 1320 crude oil pipeline[J]. Corrosion
and Protection, 2019, 40(7): 502-506.

SIM S, COLE I S, CHOI' Y S, et al. A review of the protection

strategies against internal corrosion for the safe transport of

[31]

[32]

[33]

[34]

[35]

supercritical CO,, via steel pipelines for CCS purposes[J].
International Journal of Greenhouse Gas Control, 2014, 29
(29):185-199.

KING G G, KUMAR S. Designing CO, transmission pipelines
2010 8th

International Pipeline Conference, September 27-October 1,

without crack arrestors[C]/  Symposium on
2010, International Petroleum Technology Institute and the
Pipeline Division, Calgary, Alberta. New York: ASME, 2010:
923-934.

GALE J, DAVISON J. Transmission of CO,-safety and
economic considerations|J]. Energy, 2004, 29(9): 1319-1328.
ZHAO Q, LI Y X, LI S L. Safety control on the chocking
process of supercritical carbon dioxide pipeline[J]. Advances in
Mechanical Engineering, 2014: 1-10.

XL G S — SRS T ik R R R WF AR [D). 35 8- o
[ £l K2 (4R 4R, 2015.

LIU Min. The transient characteristics of supercritical carbon
dioxide pipelines[D]. Qingdao: China University of Petroleum
(East China), 2015.

S HR, B [, YO, 45 BRI T R R AR )
R [ 2 e 4 W 28 B BURAE J3 A (D). #4002, 2022, 51
(10): 28-34.

WU Qirong, TAO Jianguo, FAN Baocheng, et al. Technical
route selection and economic sensitivity analysis of large—scale
carbon capture in coal-fired power plant[J]. Thermal Power
Generation, 2022, 51(10): 28-34.

(% &)





