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Abstract; In 2022, global CO, emissions reached 36.07 Gt, with only 230 Mt of CO, being captured
and utilized, accounting for only 0.64% of the total emissions. To achieve the ambitious carbon neutral-
ity goal by 2060, CO, emissions must be reduced to 5 Gt. Simultaneously, the total utilization of CO,
needs to reach 1.2 Gt, with a utilization rate increasing to 24%. This underscores the urgent need to
enhance the level of CO, utilization. In addressing the urgent global challenges posed by climate
change, carbon capture, utilization, and storage ( CCUS) technology emerges as the most promising
solution for mitigating CO, emissions. The transformation of captured CO, into value—added industrial
products (CCU) through diverse technical routes has consistently occupied a central position in both
academic and industrial research. However, the precise contribution of various conversion technologies
to the reduction of CO, emissions remains uncertain. To address this issue, this paper systematically re-
views the developmental landscape of CO, conversion technologies over recent decades, with a

particular focus on three representative CO, conversion pathways and resulting products. Employing a
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comprehensive approach, the paper conducts a comparative analysis of the environmental impacts and

technical economics associated with distinct technology pathways and products. The discussion extends

to exploring the potential applications of these conversion technologies and their capacity to achieve

negative carbon emissions. Significantly, the findings underscore that the carbonation and

polymerization products derived from CO, demonstrate a substantial potential for negative carbon emis-

sions, thereby playing a pivotal role in the overall reduction of CO, emissions. In conclusion, this paper

not only provides insights into the current state of CO, conversion technologies but also emphasizes the

crucial role of carbonation and polymerization products in achieving significant carbon emission reduc-

tions.
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Table 3 Industrial cases of CO, carbonation

HARATR WFFEE R/ Toll i JH 26 191 HoAR B AR
- A RIS ISR A Al A AU B RS A 2 B, SE T CO, I

CO, TEMBRAT L 1 i FH e e _
B T AR SE I RLAT 3 = 4E P43 0.4 42 ¢, 528 CO, A 31.5 J7 1[5
IR B Ve pe A AR I H 25— A SRR A AR S bR Tk I H 30 H AR

co YA i

AARIRLII i e mesosts 30 77 1, 4 EEBERRSE CO, 16 J7 L Tl

2021 4%, b A B AR BRI RS P s rp o S8 LA BR A R R g e AR

CO, EHI AT ML o el FH H BRA Bl A AE B AR e 25 o Ve SLARRRGE S A Bh R Y AR 74 3T 447 T FE 11 1%

260 J3 v, Bt EARAE R E L 22 97 ¢ €O,

3 MR EFHmEm

3.1 INEREIEMN

CO, S A M AR Ak 2= i R A W DL Rtk
PR AL AR D 330 2 — b EL A V8 A IR B 8085 1 BB
W, He, MmO IRE Co, Rk A H Y hE
P57, A BT HIBHE e A R R SR R 3K
TR XA B SRR B R . HOR, an Rk
FRT A REVRAE R CO, S5 AL 4 3h J1 U8, 451 4n K BH
Rk XUBE , A HLES A Sk (U RB IR SRR 2, BEREAL T
XA AR AR , SO/ T X S5 11 671 T 5
WAk 3 3 S AR R IR R 343 O, F41k
BT LSR5 W 550 58 A by Do, S 3
SRR, BEARKT BrA R 5 K, R TR
Bl g e KA, 77 B85 575 TR BRI B A5 ) L
B DR LA 2 A A J 0T PR R AT R ek

i E] 2050 48, CO, FeAb R BREH R 2 5 1)
FARBAZRFERA CO, Ak 1012 ~42 121, #&
i N4 Az i JE BT EE 2 i AR Y €O, 5%
TR B IR RE , BN A = e B A T R, JE K
CO, EIAEAEFI0] | B A Sl MR R 31 K<
o JEEEA RSB CO, B B R

CO, & BRI 1.2 5k T, B A
V5K JFURHH B2 L R AHE AR TR D SRR A
R BERIR TR F ik 20% , 76 CO,E R IR F= it AT
WHE 160 J7 t /5 €O, ) T CO, B A BRAE
B2 A5 M RIS 159% , SRRk & T DA B 8] e
MIAT & 52 CO, B4 s B e 40, N4 i ]
WA, B CO, & BB RH i R B 42
e S HEROE B

CO, BRIRIL T2 F 2N HAE MR 1R 4
SRAEAT . I FHARERA Tl 14 4R E A 7 Tl T A %K
W/ CO, IAHE I ; G S il 44 il 11 s T B ™ 0 vh
Ca YT i 4340, ¥ A R T 849 09 F R, an T

6

AR, IS B8 LR IR R R B A R AL
P 7 it A A0 A AT S BAse £ HE
3.2 ZFEITEN

CO, e Ak il ZRRL Ak 2= i R A W LA Btk
FRALIEAR I 520, ANEA 10 35 AR % 45, il
K THBEMAEFEM LG, X —BARELNE)Z LR
T Z I BTEIL . B, CO R H AR AT LA
VER—T5087 2477, )RR A e it T B
KL, AH A FEF M W HE S R AT R
SR A AL R Al AR R T R T
Y73 ], IR 2 P, HOR X — BRI RS
AR A BB ol Bl 2y, v Kbl A TR A=
FEAEZAG BT RV ELEE R BOR A
FEAR AL Z b L2y S A A BB IR 5l .
T8k, CO, AL B 28 55 30 25 I AR BRAE BB UE FIAL 2 iy
PRI, R AR A T BB SRR AT LA AR
TG A IR KR SRR, Tl X A B 1 AR B A
AR, ) ol e (AL B 2 (R RE IR BE B, 78 fb 24 5 8
B X P AR B G ™ S PR TR AR
fedtat b2z il &R

TEH CO, B2 Ak Jhy ik SRR RE AL 27 i 19 3 7
o A AR T 2 O &R AT AR
REVR & L ff K il ar &, DL A R H Bk A1), 4
FFR [ B P BB I 87 % e TR T B A%, il U A
FEHI TR . A LL 700 TT/t B A 5
R RS RS A T I 2 500 J0/t, SRTXT T4k
H, FER T g, RIS ERRLG S
N AR 5 30 H A B 4R 2022) , WU B R AR
0.1 75/ (kW - h), & & BB ] B A 6 T B
1 000 JC/t, &M% T 0.15 7T/ (kW - h)
I 240 B AR 249K 2 100 T/t , ELATRIAEs54 )

FIH CO, & ERAWRIL T ) 1z BN AT
Y, A CO, M ENEEA ™ 1 v RARIR I
IR, AHEE G T 20, AT 40% LA 1 1A 4 S5}



A B Hflit, & A 20% CO,HI %7t
T B JE T A 2.65~2.86 t B 24, 5155 £ ol
A PEREE D T 1% ~ 19% 3 2 S AR HET L,
AT RRHEAEREAR T 13%~16%,

CO, IR T2 AR E— T LUR IR IR AR
FE A CCUS BRI 7 BA B M3 HE
ARAT 5 (R 2 G AL T I — e Pk R, AR B
] BT [B) A AR b & 1122 51 23 (IPCC) KT CO, 3
FERER IR | 451 CO, A BR PR 1L AR 24K 50 ~
100 370, WAk, Kt BE 2, H i) A 2 i A
TR AL 8 2 CO, B AR 78 40 1 HA R
71, SRV B AE JFORL S fir  JFURL BT fR A & €O,
ARl AR 45 T — 2B B AR AR

25 LR, WIS 85 M B, AH AR 5 B
T2, i3t CO, 56 A3 B AR B Ak 2 A, CO, 1)

HERCRAT LAREA SR, B FRRIAY F1 E R, 240
B SFAC BT A BEREAR R P B9 CO, ML,
PR CO, 5 B A B 7 il R 7 vk 52 LR 3
BAF, LA, CO, & MR T AL 2 i R K
CO, A= ) ) I 25 A Ji A2 DG 0k 5% B L IE 1Y) i
THERC, CO,BRPRAL & RS AR LA K 23 1 27 i
AR AR T LA B[] iRE CO, [ 52 76 7™ il
S PR Y R, HA B R R SR
Pl

MEZETERA R, A SO ER IR 1Y CO, 41t
BORZHCNGOU T A0 R B B RO IV 7, I
I CO, BRI LA K U RE (3R 4) , A
FRRRLRIAL 27 i g2 H T 42 BRZE BT R TR 06 75 il
IR, PRER I 5 A2 il TR v T30 A% B 30
ARMEDRAFAGAE I 2B AR

®4 CO,HUBEREME FFAESMIBRAHRE NS

Table 4 CO, conversion pathways and their environmental and economic benefit analysis

and carbon negative emission potential analysis
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