$52% 54l #AHAE Vol52 No.4
2023 4F 4 A THERMAL POWER GENERATION Apr. 2023

DOI:10.19666/j.r1fd.202210245

oM CCUS # KA ZIKA K E BT

W2, KNI, BAA, FH 12, M

QAFPEMFERARXELNFHARTEZEIAFEIABRE RERT, #HAdt KX 430071;
2.0 BA SR K, dbF 100049; 3.7 B dk KFaE P ATz, LA 4N 221008;
AF BT L RFITHFAELBEARBRIHEE T RLA N EEERE, 5 HN 221008)

i B ERBRE 2050 FRAKPARFTHREFTT, Mm%k, AIAE5HA (CCUS) HAMEA

KR BHE B ARG XK F B, AT R T £ KR EMECE T T B 69 CCUS
BRAEIR, OFETEMMBR . SAER . FEEFAFERQHER,; L TRMAK
J& CCUS HAR 2 @misagdesk, OIENLFL6EE. CCUS HFARZR o9 & & A% CCUS
MEFAHENR TS, FRIEE: BN CCUS HAR R BEE R 3, 40K FHEEH., T2,
AR FBOR AR TR R F IR T E; WAL 5# % 544 (BECCS) Ao A4
=AM E 5304 (DACCS) ZBMAKRFEI CO, RHKNEZFH, CO, T EZHfia
By B 4569 FF KT AR I& ) COL 893249t A, 5 AL, A3 K CCUS 89 A58
B. &ET 2020 F#2 4 2030 SF 52 Aax A 2060 SF AT 52 IR P At “a0sE” KK H AR,
B CCUS 89 R R IR Aol X BUR, 26 R E A KB, 88 7 &R E B AT A& CCUS
HARRE BxE T, F4EH488E,

[ & 3] oM sxmHE; CCUS; #itrfe; TR, EZHR%

[SIAARIR] Himk, KAH, E0A 4. BN CCUS HALBAKRAMN KB E T[] #47 K%, 2023, 52(4): 1-13.
GAN Manguang, ZHANG Liwei, LI Xiaochun, et al. Development status of CCUS technology in Europe and the enlightenment to
China[J]. Thermal Power Generation, 2023, 52(4): 1-13.

Development status of CCUS technology in Europe and the
enlightenment to China

GAN Manguang™?, ZHANG Liwei'?, LI Xiaochun'?, LI Qi*?, LU Shijian®*

(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan

430071, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Carbon Neutrality Institute, China University of Mining and Technology, Xuzhou 221008, Ching;

4. Jiangsu Key Laboratory of Coal-based Greenhouse Gas Control and Utilization, China University of Mining and Technology, Xuzhou 221008, China)

Abstract: In the context of Europe’s vision of achieving carbon neutrality by 2050, carbon capture, utilization and
storage (CCUS) technology, as an important means to achieve carbon emission reduction goals, has embraced a
major development opportunity. This paper summarizes the development status of CCUS in Europe, including the
financial incentive policies, carbon tax and policies, laws and regulations, and technology innovation policy for the
development of CCUS technology in Europe, and the challenges in the process of developing CCUS technology in
Europe, including the implementation of public funds, the comprehensive development of CCUS policies, and clear
definition of responsibilities for CCUS projects. It points out that up to now, the development of CCUS technology
in Europe is relatively mature. Relevant laws and regulations, financial incentives, tax support policies, and
technology innovation policies have come into effect. Bioenergy with carbon capture and storage (BECCS) and
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direct air capture with carbon storage (DACCS) are important means to achieve negative emissions in the future.
COz industrial clusters and the development of transportation network can greatly reduce the transportation cost of
COqy, create profits at scale, and thus promote the application of CCUS. In 2020, China made the pledge to achieve
carbon peaking by 2030 and achieve carbon neutrality by 2060. Combining the development status and relevant
policies of European CCUS with basic national conditions of China, it puts forward the urgent need for current
development of CCUS technology in China, and the problems that need to be solved.
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Frrp R 3E EEAEH . Butnar 25 A\ BT ) 42 3k T
15 CHESF, BRINBEHN 2030 £ % CO 1)
HHAI BN 230 1~430 3 t/a, 2050 fEH5 2% 930 Ji~
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93 o A RRPHER P SCY PIE R 1 BRI 2L 2050 4
WA H bR, TR 10 SR b e CCUS
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YER, ARSCIRNELE TR CCUS HIREBUIR,
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1 BXiM CCUS H AR & RIVIA

KR PHIA ) CCUS i H 2 E AR AL HX
LRI 1996 FEHEIZ 1 Sleipner 1 H Al 2008 4%
21 Snehvit TiH, X 2 NMIHM CO HAFRE /1N
170 Jj tla. # % 2021 4 11 A B9, BRMIE N pre s
1T+ EEATHRI CCUS T H &4t 70 4, Tk
2030 “Fr]SEIE /7 CO, HE/J 6 000 /7 ta. B 1 I
J8) Sleipner A1 Snehvit i H 4b, H TEGM IEFE S
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AT SN AE ) 5 SR = A 2R A A 8 S HE I
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Ao Bk 2 1) A KA RECE ik $E CCUS
BORAE AR IEHET- B, Jfid it BECCS 1l DACCS %k
AT bR . EE BRAEIEE I AT 20k e fl 5o,
2050 4F )7, BECCS Fll DACCS # &% 8 5t i1k
H. | 2070 4, WRMEE A B 2031 18R COz
¥4 2/3 5 BECCS #7210l

BE HAT, BRNEE N 32 BECCS T H 2 i
$ ExergikVV8 i H o 1500 H &2 R & K AE ) i
Fh L IDGFH H sy, AR AT MRS Bk 80 /3 t 1 COy,
H b TS B . BRI H Aiiz 8 5 15 F ok
DACCS i H Orca, %5 H - 2021 4F 9 HAEVKE 1%
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Tab.1 Major CCUS hubs and clusters in Europe
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HATIBH, EEFRZAEYT (Grangemouth) TMVAERE. 22 /K 221K Ervia Cork T IH KA1 38 /K M XA 38 FR1AE L
AN A Bt R B A7 A Tolk XL /) CO,

FAATHEA 2% Y[ A TAL X B AT R — 5% CCS SR, H b O EH — A3 Rt BUH THRIT 2027 SEIH 46
(Zero Carbon Humber) TR CO B A ALl o, 7E 2035 4E AR M 7L LM IR R ML #2 CCS Wi
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. 32030 4, FitE4ERIEE A 200 J~500 5 t CO2

IS CO EREMIFERE Vi, H5ok E A HE
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DA 250 ARG 4 R A T T2 i P AR, AT PR S
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Fig.1 Construction site of Norway Northern Lights project
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AN ) COL i AETIH o Fh 28190 TR 22 A k]
M E SR RS (GAMS) ) CCUS YL ILHEL
SRR T T CO M5 5 EHAF Rl BRI M
SRR, SREY, SHEHSMUMELL, 3
AR B I8 s Y SRR, A IR ) 3 1
W, ISHIRE SIS B . 2R A R E COL f
ESEAE AN B BB L
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B4 7~12 Jo/t (AR 0.99~1.70 T/t %4 LT
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HLUFRESR: 1) Mifi CCUS HiAR K EBZEHE,
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BN, Sl RRAERTE, P R4 CCUS i H
NG, HEB) CCUS HiARmNLAL: 3) #ArisiT k.
PEATIRI) CCUS B1EF &, Iam R, N
SRATH ST O R TR R H I & CCUS
“CHEHAR” WFRARTELLAL, R AR bR 1k
AR ) PR RO S AT B R B 1 A
B #%.
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2.1 BEHMBER
HEEIRH, Kok CCUS T H HIHE &K £ i
He T i 3 W & BA S CCUS Tt H il 8% 11 52 4%
P, MARZEH T 7 CO2 A K MFHIA A 24,
IEARHEH, H AT CO2 i 75 mi IRy 40 € 7T/t
LML SR, s AR A R CCUS T H
AR . FIHAIEAE 21k 45 14 t COp, NHETT
CCUS 1538 39 IR S Al . ARPE (AL pE ) 126
HIFN, A AR, 21 2020 BRI N E LA
40~80 3£ T/t, | 2030 Fhr i FIAF] 50~100 £ Tu/t.
KR CCUS HEA (4% Bt IR EE 7 42403 - 2005 4
1 H, BRI 46 et i == AR HE O o] 22 5 i)
(EU-ETS), BT )7 A e Bt = A
HE. HIZATBAUE RIS AL 5 MTE X e g
HEZ 23 8 Z W AR b A 9 3R A4S 50 i 1 F 52 f 64
RIS IR R HEAR LA CEUAD, T SEBRHEBUIK T S ic
B AR v DAFERRCSE 5 T 3 v A, R o D 23 e 3K
EUA, 758 AZ4ETT . EU-ETS AMUHE T EUA (%2
Gy, 5B & R %R . GUiilue
) W RIEEZHE T BAEERLAHR I E
Hx, B2 7 i 2= AR RIS L. BeE B2
(joint implementation, JI). &% & JEHLH] (clean
development mechanism, CDM) il HE AL 3Z 5
(emission trading, ET) SK¥hBh&IAE K JE 4T HE
X 5%, (RIS e il R R v [ 5 SR B A B IR HRAT B
MLl B CGRERUCE 15) e, CDM 5| 3 kik
X AR v [ XA AT R AU H ,  SE3 ok
EZLWIEE IR Z U AHEE (CERD, R T-MHEK
15 E AR BIHEG I MR a2k ] 5 8] g 1
H & 1E LA R A E . ik 5. 5
CDM H1 J1 55 H FHLHIAE, LA EU-ETS ARG
BB LA 2 3 UHES AT (EUAD) AE AL
Gibsir),  BHIBUREB ] 18 FL A & 5F: ml Ak 43,
AR B By S BRHERCE 0k B R T 3 B
T NBCET, PASEILIRAT S5 . KL, EU-ETS B
AV B T d a3 e U SE O ) T 258 B
WHHMTES 258, &R LMER CDM =41 “CER”
g I PEAE R UL (VER)” DRI E S HE
¥ CDM 11 135 EU-ETS WI7%ERE, NRKIMH L
AN X A DR AL T ISR, R Rk AT
2 BRI RN T, R, EU-ETS M 7 Kk
] 28 22 8] DA S B [ 52 5 Wi DL Ak b X2 [8]
CCUS IiHATES AT, Mg ARt/ L, {2
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e 55 BRI CCUS BR A RIUIK L2 0S 3 ) Ja 7 5

T CCUS HAMKE.

EU-ETS SRR A = B elcHE TR, 1 KR 5
STEFWES T B E PIBHEBRCE Sk & . o,
T #hFE EU-ETS s AT I DAAM B HES 4
T 2021 FA 1 A AR AFERCE 5 5 48 9 S 8] 5E
i, 2021—2025 4 CO, [[E E ks A 25, 30,
35. 45. 55 [fk7T/t. M 2026 SEFFUR, CO2 KK
[if] 72 7F 55~65 KRyG/t. il [ 1 E KA 2 5 Rk
HZ G ik RAFTEE S, W MHERCE 5k R 32
BEXT T LA A A R A A DX 3
T 288 1] 1) [ SR HE T AE 5 Ak 2 B SRR AR 7 p DA D)
ARBTG5 Rl Al 75 B AR R
PRI =R (PR = ARG A B . 28— Al R
A G 2 FHHESCE Sk RIFINTE S, A 2 F
ML AT 1577 10 ARHE RS (1) BT AT 28 1) SRR B 7 1)
CUIIN EU-ETS Al t B R P 9820 B 240 11
PWH, DA BRBRRIS 27742 [ CO2 AR 2) Ak m]
) 48 [ HE S 5 8 B R B M . BkAh, SEEF
2021 4 5 F IEASLm AL 5 il X br & 9 E1Y)
JE B RCERHICE 5 i . SRCERHNICE 5
YA, e 5 3l T WA 5 IR ERIEN LA, ¥ E CO2
AMET 22 Skt R, FHREHIZD I SR K
A, #2030 FEKHEE 70 FEBt. WIE AN E CO 1
% bkt B, EORF AT DLOd D s AR fIAL DR
TR ECE, DA ORI T FARig AT . A, |
THREB/N RAMETHUKIZERRA R, FE K
Lo 5 51 RN B R, AT S
HEWREG KT, W& T 54 71129,

AN NI B CCUS T H $E LI B R Bh £ 1]
EURALHIZE 2009 4F 8 H 4k H RN E BF 2 F5 K
(European Economic Recovery Plan, EERP) [30,
EERP M EZH HIZRAFE IS BRI L MR ES
gHE, oA CCUS WH kK 10 244370, B1E
FEfik CCUS R M8 A, i s & F Ve ml
CCUS 51 H %1 (1] & A sz i3y, e Ab, 78 5% EU-
ETS (it #2r, BRINZ R or 1 R K CCS
4 BFEES (The Innovation Fund). %54
NEEASBRIR CCS T H K @i s it 7 &
TR RIE RN 257, QISR E 10 A
N CCUS VLK nl FAEREYR . AETR AR P L Gt BE
S NI PR TR 1 AR SR R I 250 42K TT ) BE 4 S
Fro SEEHRIZE 2030 R AR = SAAHE RN
> 68%. AT SRBLX—HAR, HEEBUTFEAR T I

http://rifd.cbpt.cnki.net

10 {985 1) CCUS Fmliid itz 4, 5 7E 2030 41
AL 4 4 CCUS TMhEE#E, CO, flifkne 11k
1000 /5 t/a. HoAt 3R /7 2 3 P2 28 AR K
PRSI S+ B S8 ML 375 NG (A8 G EL A I D
MBC#E CCUS [ L) A F R ™ it XU Z2 i
it CBERRAR iR RS- HLE] . COz THAEFT A B
DA KKy CCUS AT A H B 45502,

RREAZE A2 THiiT 2022 4ERK T X T H 3 K okt
A 7.6%, AR RICARRIEHES B ik,
X E B W TR SRR PR AN 2 DL HT 2 e IR
LSRG ) B A7 4 P s el PRtk BR PR
WA ERRIRME R, FHRIE] 2030 KRR AT
AR R U T B 2 R VR T FE S B TP ) 0 AR = B
45%034, 53 45Q F Rk f A AT L E I BLICHE
oSG, BRI F L@ B AL 5 RGuh CO2 RN 12
AT, B AR L g T HER R e
CCUS I FAE st i+ K1 (17358 T o

b4k, JFRE CCUS BEAR SR AFE M & %
HE5IGUE, #57 CCUS &M E L AR, &
KIS IRHEBOR . IR TT28 5 SLILBUR U &
TEHE H RS, 7 CCU MdiHZ 5 71k
JiThl, Lee &5 NBSHEEH K HT I CO2 IlHETT 5 712
TN T 22 AEIE4T ) 500 MW #REEER) T H) 2 MW
CCU #:# (CO. 1) CCU fg /124 40t/d) 1) CO, iHE
R, AR, R 22h Py CO2 kb T
16.54 t. % B & RERIZAT 24 h, E4LIE1T 300 K,
FHETA[JR/D COL HERL 5 413 t,

2.2 BRI BIER

B AR CO REHEBUNA M TF-BL, 1EBR
IMVF 2 B KR T A B R . 25 =, Hi
B B PRI RN 22 AR S g A R
F, T HB BB N A B R AT AE . B KR
7 ] R ] LR R B R B I N R B, %
FRCTETE R AT, LUz 3 280 R P Bt A ke CO2
T SR R o IR JER T 1990 4EVK SEmR B, T
1991 FFHURAESCRRHE SR, A T 5 b e AR R B
MEFKZ —. 1991 4, R & F R AR AR
CO2 Bl TEZFMTERFIBT, 0B E Z A A
£ Sleipner i H IR HLZ 447 CO2, TN HTiE
S B AR RER K ZE S CO HU T F 7 7 Hiu i)
CCS i Zp. R (i) CO2 Blik),
SHRIEM AR AT AL HE R CO, fiE IR HE
B, 2022 4F, BIFNESLTK BRERE) KRR
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AT T 0.16 RRIG . KT RAR I
B, A4 ARG CO, 68.48 [T, 4k, ZEE M
SAFAR BB E , St CCS T H [ 4ilk i 3545
80% (1) B T HE A 120

2021 F 7 H, BREIIRH T “Fitto 55”7 OKi#
1 2030 4FJRIR = SAHSER 1990 2/
55%) [MALIETRZEM, MER T CCUS MR —HiT
R, BN EU-ETS MIMBER. i35 ik 238
FHEBRIRHEMI AN, DLSCHIRKEE 2030 4F AR
HbRs AN, $& SR I —AN B (ki SR B L,
W BN R R H bR S, WK e S,
DLEE G “fiideidk”.
2.3 EHAMBIR

IRAE T CCUS BAR () £ EH T,
B WA I RS BUR BUR ARSI SRR,
CCUS 1R MM 278 R 13 FE . X CO2 sk
(IR RS 1996 AEAAR (1) (EZEe 1) MY, X —
T A 3 Yo AR 5 P A0 10 R 420 0 I o ¥ P 1
IEZ. ZUCE B EAIEE LS8 277 W5 5332 5 FH T U
HAEM COzo HIE, 4h2) 5T 2009 il T — &
TR MR RIX — 18, VPR IR UL NS B
(1) CO2 B I St (A8 ZBE 1) BT W42, 545
LI HRABIT %, MR AT CCUS 1) CO2 AT 1%
Siiati, DA CO HEl. Wik — A ExREAF
B IA R, 42400 B 2 nT AR A A7 1% E 1) COz.
ZABIT I8 A COL 5 BE 18 Fi M 46 (1 T i 2558 T
R

KR i& CCUS il FE AL FIRINE Ak AR AR B 53
Wi BT 2009 i e 1S FEE—#BOST CCS MiF
Y0573 (CCS 164 (Directive/2009/31)) (LAR faj#x
“CCSHa4)™, ZIr4 N CCUS H %+ (1] CO, th
JRAEAETR M IRAE T — AN SrigAE SR, @& S A H
Woitkds SRCE K G E R CCS WiH, LR CO,
KA G4 HE, TN COp M 3547 8 3 — AN
B | FELA34T, (CCS 484 ) RAERIRVEH N T
CCUS BAEHMBERIEMEEE D, kT
EHE A CCUS 25 M EZRME, Feill iz 5 CO2 Hh
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