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Geoscience and carbon neutralization: Current status and development direction
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Abstract: Carbon neutralization is a hot topic in the world, and geoscience can play an important role in this field. Internationally,
the Intergovernmental Panel on Climate Change, the International Energy Agency, the Energy Transition Commission, and policy
advisory groups at the national level have proposed a series of models and scenarios for possible ways to reduce CO, emissions,
indicating that to achieve carbon neutrality, electricity will replace fossil fuels as the main carrier of global energy. In the context of
global urgent need for CO, emission reduction, it is very important for geosciences to provide geological solutions to achieve the

climate objectives of the Paris Agreement. Carbon dioxide emission reduction involves many scientific issues, including heat storage
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and geothermal, dry hot rock, hydropower energy storage, compressed air energy storage, nuclear energy, carbon capture and
storage, hydrogen economy and mineral raw materials for energy transformation. Earth science can help reducing carbon dioxide
emissions through the following ways: first, to describe the rock mechanics characteristics of geological body, so as to store CO, and
establish green energy system in the decarbonization area; secondly, to further reveal the origin and genesis of the mineral resources
needed for electric vehicle batteries and wind turbines; thirdly, to expand the scale from small laboratory to pilot, industrialization
and commercialization; and fourthly, to understand the public's attitude towards underground decarbonization technology to ensure
the safety of the project. The goal of carbon neutralization provides new opportunities for geoscience research, and the future
development needs support from various aspects. Achieving carbon neutrality requires improving awareness of the key role of
geoscience in achieving decarbonization, developing technologies, building industrial chains, and achieving sustainable

development.
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(modified from the Centre for Low Carbon Futures website )

Ja R AR

X — B AT LI S5 A AR i A7 2 T AN A
RERTFH TR A . & 42— HES LR R
— SO AR P e O RIS 1 2 i (Bl R e
PR A5G K B RE R CAES, A2 AR 7 (1038 i
Ry i R IR

CAES [l i) TRk 2 — 2 IR AR
FE4EIT 2T, 78 Tl CAES 15 5+ F , i Hi#fE )
27 7000 kPa, ALZFEE A LA G i I8 R 4 HL AN
M7 R EAEHE, A EARNEK, A
T i Has S RN 2 (R S o e
Fiti kR AR o, Horp— e L 9 TS A KSR
Ko CAESTERIREI/KZETTHEIITH, REAR
AT RES LA ) e A I L i K 2 i R
Yoy LI FE S SO el Al A7 23 SRR BT ; TR, 4
T LAk 3 B ZE i )2 LB S R O VE FH o Ao K
SR AT FH T CAES, V45 Wh 25 % [E % A S 4L
HY5E R4 TR A

5 H, [ 2% F, R FE , CAES B S A3 T 11 45
A A MR R R AR SR, T = AT
Fiits 2% FH e ot

3.5 #%EE

FEReR ) 1z I R A L 7 26 7= B DTk A%
HL I 7 A BR ) AN T ELA SR DTk, H AT Ak
A7 667 FERZ L . I E BREEIEE (IEA) , 2019 4F, 4>
BRA L B P2 4 443 GW (Michel Berthélemy
etal, 2020) . IEA KFHMEFR, MG 2°CTHRE 5,
) 2050 4F , % ML HORE T E I — 5 DA L 35
930 GW (CarbonBrief,2015) . #%AE S5HBRBl A %
I OLE R RER) MR . X BB =4k
AR ) A 2 4 RS M A A7 T T AL B . A%
BT IZ AR SRARRR FL ) A 7 I TR A A 4
BR A R T HAT FE R TR AE A2 AR O
JEY) o HCRPEE YA B2 ] Y Jonathan Turner fif B¢
vi, e {20 22 40 FEAR DR E 2R R T KE
SR, AR TR A g4k e b L. #
21004, 95 [E n] BB 2L 2 B 260 7 t R UK Y
Al REAETE L T B TR BRI 7N o A B,
Hi AL B (GDF) A FH T RE M RN 2548 (B 55 R
Bt A JE ARE ) LA R R A i SR SR AR Ry e 42
B HhaskRbeE Ll AU AE GDF Ry FnaE bl (4
n, TP 3R K R GERAT R ) LA SASADL b R Yok

http://geochina.cgs.gov.cn FPEHLT, 2021, 48(2)



354 i [

b J 20214

GDF 13 5 i (AN FFHAZ R TR IX | 3068 7 52 0 DA
GDF iz f AR A A ZHAARE ) o A5 B E o

A B AR K —R 2 TR B b S [ A
HARHES o 33X 7E B0 5 T 2SR Ml Ak w4 o
CO,; SR, I T RELRTE B AN ], PR TSR A% 25 Pl g
TEAKE A T ENAR E A RGBT . R, H BT
BRI — N HEARER R AT RN R AT I, AT Ny
B8O TR o e S R PS e R L S TR
AR () R 1 S K UKNAE (B LR il i 52
e, LA e A 455 v~ T A N ) A AR A 1 AR 5
M, DRI A Jir A 3k S 3 R4S 1T BB 25401 GDF . XU 1T
A A5 X BRAE RIS & A (A b BV E FH A TR 24340
PIRISE , AE TRk 1 Mali] 28k,

BT A% HL 3t £ 284 R — B A X I 1) 2 AR 17
fir B R e O AR BIHET o XA K4 1 Bob
Holdsworth 15, , 1752 ¢ 35 J2& HE OB A% FL il BN 5 28 7%
JERY B LB AN A R 2 — o MR 1 G
P T S S50 40 R A 8 o S A 1) 32 it R R R
AT R Rl s R R M R R sl . X T RE
2 R R AEAERS BRI R, o T B 5 | & R A
G QAL BRI B 5 T R Sl 10 AR S A
VRS Y 4 v oV < W 8 B o V[ 2w 2
] 9 J38 5 A% P i 3R A T, 3 SRS IE AR TR
3.6 MHESHTF

KT AR IS HE AN MK, — %O IR A
2 DACHE P B LR 7 — A A B 200368 ok 3 (] M B ofe
SE-#7 (S. Julio Friedmann et al., 2020) ., k{5 51k
££ (CCS) VA B AH O 1) A= Wy RE 6 R B 4 4 5 6 A7
(BECCS) AJ LA B SAHEA . B[] S 46 L 1]
% B2 R ERTHIR 1.5°CHe i A (IPCC SR15) LA I
— AN o B R ST R R E T R 4R S A
SRR AE . TEA BY T RFSE L A% oAk
11 9% AU HEE B K [ CCS, 9% B F A0 F 25 4012
t 1Y CO,, AT B i 70 ~ 100 > CCS it , 7] Bif
M EL A& WO ) 38 i FAE i BE il it . 2Bk CCS 1Y
R FEFERE ARSI PP AR, 83 2019 47, 3k KA
CCS & it 38 I 2 514 4>, 5 453 25 I K AEAE 2
4000 J3 t %A fLh% (Brad Page et al., 2019)

FE A APEAL AR R PN LA 2 S AT Y
CO Ttz , X T2 CCS B HERO R A
Tk &K EE, Blunt 11 Gibbins (2008) A , il i1

) HAFIERGA AR, e %4 K
WIREAF COZTTRENY . A 1iAFR i, KIS CCS
(IR AN e AR T A R, 172 H BT R e HE. TG
IS5 HEZL AT, A3 SR AR ml &b IR 8
ISHRATREAE CCS FMb R B0

ZE{# /R FPUL ) Clair Gough i34 T BECCS fifi]
A SEEURE BRI SR L TR 1.5°C HhRAEZ
iL>o BECCS J& CCS [ — R, A I AE Pk
AR REHE ¥k bebt kL, BECCS FIfig S8 11
HEBC” e mIE U, XA T 22K B R iR
CO., Gough &5 IR AV AR R S5 CCS
AR, UL I DUAE SRS P = A ik,
SIS TIvY GE1 L% s N1 K25 A A S e K R I E B S 22X
WEAIF AR, 5 BECCS ML AR E N R Z
VB )T 2L T A X S AR ) SR AR SR R
N, BECCS /5% IPCC(2018) 44540 Ay 2 A Bk An
WP 22 1.5°CRR AR I S 4 (181 1)

[ bR U5 B (IEA) (2020) 76 (0 115 e 5 4% 724 1y
et 4R R A A ) e v SEBER h A Y
A S A R B A A R A AE (CCUS) , B A TE
CCS KHH AR Z B Y 78, BEsim AT 1 % Rl Fn
L 1 S H AR IE R T 5 4 8 CCUS 1Y 8h
I, 40 2 AR iR 32 RE ccus, i] DL AR
Covid—19 fEHLA 2B 1A E J (IEA, 2020) . 1t
TR FE AT (WRI) (2020) 488 SCB8 3, 2215 I 42 5%
2% B E IR ) B 2 IR Bk % (Helen
Mountford, 2020 ) .

3.7 S4&i%F

A BN —FRRBE AR, AT DLAE HE O LA
ERI TR T & A E AR AU R A I T
TR . LR AR R HE L 5T
PR RN, H S IR RE S T R &
155 5 (SDS) ML, AT ZEMUH BE 2 1 5% 7 4 KL L,
RAARC A 5 78 i A Iz A v R AR At S A s e 5
SBE Y R 20 H B W (Jose M Bermudez et al.,
2020) . R4 IEA (2019) 19 5 ds , H #r 2 A A 3]
0.7%RY A4 7ok A LA T CCS (% &) i L fige ] F4
REVR (LR S0 ALAIRRL . BRI, A S ERC & CCS 1)
RISt A = (I &, AT 3 JBEIEAE R T, &
RAEFEEN 150 7 to S T 31 2030 AR U 0 A
S H bR, Y RE S R R B

http://geochina.cgs.gov.cn 1 EMT, 2021, 48(2)



HA8E 2

LhUKAE  HBRRE S T A BURS T 1) 355

Bo BEIREERIZE 5122 (2018) “T BERAT 55 " HiAk g H
#2050 4F , 2 BRE)" T BAFAFE K 80% ~ 95%, 4
REIAFIAEHEIL
SV — i fic il P H2E 5K John Bockris

e A Hri S e WA b B . S5
FLAE T 5 0 RRE (A B A ANIIZ ) | T & H
CH T 250 ny ik mz At ) DL AR = i Be
RHL PR R AEREN BT, B S AL S W B EAE N
“EERRIR AR ) SRR R | T X B A AN
it REHEAT VIR Y S S8 < B0 4, 560 %) e o i 4 P A S
55 H AT RAR RSO ALIE T ) CO. FI CCS
FERBOE AT 2]

James Dawson (B BHE K7 ) 118 THABRE A
HE SRR T ZHOR PR, Hrp s A MR IRS
BRI 22 ] 1) J 35 22 5, A0 KGR J3E AR K E R
fFA] . Dawson 5 E 7R 20k, H B2 UEN],
R 1 AT EEAE REIR YIS KA, SR AR HLTE 423K CO,
UlCHE 5 T AT LA RO E T A B TR RS E 1Y
RER AL BRIt

Equinor /A ] ) Henrik Solgaard Andersen i i&
T H21 RIS B R A B R ] Bk AE . H21
1% (Northern Gas Networks, 2018) 4147 T 2028 &
2035 A7 [R1HE e =2 AL AR R AR A B Ak =)
TR TR R DT 58 o X R SR o (] 14% B IR
JE A , I A 4 Bk K COLIBHET H | B4 7T I
121250 J7 t COHEift o HbAh izl K 445 8 1112
Wh I 2= [ L fiff S50, 120 S B0t T 56 1>
3005 m’ B HEL R 7, PLR—AS CO8 i it A7 JE
bt , 1% i E A 1E 2035 4ERiT7EI LI R B IR 2
2B 35 2000 7 € COse
3.8 RERFERFTEMN FEMR

TEFERAT 2020 4E A AR T 30 BT 22
AR 7= BEIR——TF T BE IR AL B A B 7 FE I iR )45
AR AR AR S 7 R R AR B , PR AV T
RE VR AR o T A AR K e H R TR T 2 1)
YR GER . R B RE R M XU e ML L B4
FEL L AP0 F Tt A R li S B A R, X TR
BHO TR FFE S Je .t FUERAT 2020 4F 194 45 1
JE T 17 A EIAREORTEZ R0 AR, BLAE R
BB A A B ERCHE R R PR B BR VR B
BB, BARICE AR E ) BLE M A2 AL H b

(1.5 ~2°C, 8 HAIL) , 75 B 2R TG T RE IR R
IR S 350 KA 7™ b BHFE H 42 (Kirsten Hund,
etal., 2020), Mark P. Mills(2020) %5, 55
PiAA L, SR LS T34 BT FE R UM T 0% J5bA e A5 i
T I 1065, A fed = i R B0 g i . 2020
4 Benjamin K. Sovacool 7E{Science) |- & A &=
it UG AR AR Ry AR BRI R AR I AT R BT
FRATLIE T PRIES | PRI Sk 18T O IR Bk BB U 1 25 N SE il
PR 7 2 I ARt . SR b T 4R R e
B2 BIVRs 2 87l 2506 A B T35 B DXCE
B IR, AR AR AN, Ik — 2D SRR IR AR
fé H #5 (Benjamin K. Sovacool et al., 2020) ., EIT Ji
LN ) Karen Hanghej fif 6 1 A fn] B 47 3t B i
“PEALZETE” 1 OCEE : LART 2L 0 5 OB A RS A
PG, AT RE A B[] Ky A BHAR R R A rh |, JF
TEAA B BUS Bk /DR 9% . Frances Wall (3 JH# L6
Mk 2% BE ) | LluisFontboté ( H P FL K 2% ) il Tracy
Shimmield (5% [E 155 A J5y ) #8 th |, TTie 45 B4
%5 1 M IRISORI T, A ERATE SR A 75 2 TF R B 22 1 b
BHRIR T T2 BT E , A 0] ey FgEREI ik
£ NS Lyt 1 O]V g SR e S E R R T T =
AL AT HER AR, RAEXEITRIERE L H
T TR JFE R G R 2K 2 R T 7 U E AR N 1
HIWg Sk ke A Y, fEa i A B LS 1L
A RESE O RS, (HILAR 25 ) 32 BIAL B v DBy i) 52
17 #1702 ] HE 2 i SEOCHE I AL 4 52 , X 4E
i LR E B TR HL K BHEEGIR AR |
FL SRR I LR IR Sl AL IR REAE R T A 1A
BLAFRATT R FE A7 2 FLAtb i, o s 4 0 T A 2R 17
Z R 2R, DR b AL 1 KR SRR BE A+ it
JCURYE , DL AR REFIER AL 7= I P i
4 JEH
4.1 MG EB S

TS 322 TR 1 b o e B A e (] T I 7 —
S 1 [ RN R R, o, SRR A R AR R
L DX E MR RN AR R G 1 — 3R o R At A7 AU, 75
BT R (AT ) o BRI TEAG A
(B 239 S S MR R, i PR 2 2 25 G A )
REST . WEARBA X —IANH, SRR G i B 2
YEFIRTRETCIE LB, [AAE , AR BT AR A 31 T AR

http://geochina.cgs.gov.cn FPEHLT, 2021, 48(2)



356 i [

2021 4F

R TR RO A A A A i A HLER A
MBS R A A R LR T iR, DA T k2
FHOEHEZ 9 RE A OC R GE I PERE , iIX S8 RGN
Koy PR BT I R R  CO AR A A i
A7, LA B B R B BE 18 o

AR RS ARAS RR A R G MR TR Itk e
WD S A AT R R, DU ] RE TR ARk 14
XAEAF COx AR AMAT COLBRZE TP A7 A Y 3
Jot G 3 AN A R A 3 (BT 5) o A AR
B I R 0 i 2 A5 1) 21 5 ] T
T2 SRR, RGN i TG 2 3t T A7 it s
] 2255 PRI A

O 5 BN H BT, I BORIA RS A A TE
T HE Rt i 4% 11 3 114 b PR A DR A
FEREH o 2 PE— T, BIVEURT DA H
PRI SR B4 A B3 18] TR AN Sl Tl A J
MRIE , A" i i 2 i (AT P A2 ) s
KoK AR S B (BRI Y, B AT RE S i R AR
P ZRUT R BB 7 Ho M COLo RARHLAR 2
S TARAE T — R IS I RORRRAAARL , (H R IR
BER SR BE R IRTHIEGE (B 75 23] CO,
R AT TR o X ML GBI , COL AL
b AN AT RERAAT T T AR REAS A T 1Y), DR A
SE MR AR ATE SR . XERE , A-TERSE
AT BETE MU AR R I 5 48/ O WA A A S $h - 10
F KR COMBA I R AR AR

Rl A — A T S BB FIA
JriRFENLIT G AR IR . BRI TA
PRIAYER ZAN I RPR A , A DB T it B IR

KSR FIEEH T A AE 2P AH 5N
A REER A AR T XA S — AN R AT
%o WOMRE L, e I AE R A FR AT A B2
WA R AR (BAIKO 3 8l A LA AR 3401
ik R 5, W CCS, ILAh, AT B B A&t 2
FR GRS T W AN SIE (1

5 APk NI = ROE Y R E 4 R
SHRUES . VR 2R/ NI B I 9k 8 HL R
B AR 33T AR 2 T 5 i R | kA7 5%
UE o XA T 2T /R Y AR, DA T B = BOURT
() 0% 4 R 7K F- |, LA S A P 19 2 — FARK A 56

Channe! &V
wr W s

& 5 fifA7- b A S 4AE (95 Phil Ringrose, 2019)

(Ze BT 7R R R 3 2 7 B A e 2 it SR BT = M il a A it s
R A PR B 22 TR AL SR IR — SO MR RIS = R I T URE A4
EE S HFR)
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(left) example core samples from a tidal delta lithofacies from the
Carboniferous storage unit at Krechba, Algeria; and (right) outcrop
analogue of tidal deltaic sedimentary architecture from the Middle
Jurassic Neill Klinter Formation, Greenland. (Photographs courtesy of
Phil Ringrose)
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