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Abstract : Methanol is a crucial organic raw material and fuel, particularly in the context of the climate and energy crisis. Developing
a methanol economy is crucial to promoting a green,low—carbon transformation of the chemical , energy, and transportation sectors while en-
suring a secure energy supply. A comprehensive overview of the CO, hydrogenation process routes to methanol was offered , including an a-
nalysis and summary of the performance of copper—based,indium—based,solid solution,and noble metal catalysts. The data show that the
reaction conditions of all four types of catalysts are concentrated at 200—-300 °C and 1.5-5.0 MPa. While copper—based catalysts were
the most widely studied and applied, with a median CO, conversion and methanol selectivity of 13.6 and 69.2, respectively , indium—
based catalysts and solid solution catalystshavecomparable CO, conversion and methanol selectivity but exhibit better stability. The extreme
values of CO, conversion and methanol selectivity for noble metal catalysts vary significantly , with limited data related to stability. Solid so-
lution catalysts demonstrate exceptional catalytic performance and stability under industrial conditions, making them a promising catalyst
type for large—scale application in the future. Furthermore,this paper provides an overview of existing CO, hydrogenation to methanol pro-
jects and technical routes both domestically and abroad. The number of carbon dioxide hydrogenation to methanol projects is increasing,

with production capacities ranging from 4 000 t/a to 200 000 t/a. Industrial emission source CO, capture devices as the carbon source and
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electrolytic water as the primary source of hydrogen were primarily relied on. As the goal of carbon neutralization becomes increasingly crit-

ical ,the CO, hydrogenation to methanol technology becomes even more vital. Therefore,it is recommended that the research and develop-

ment of CO, hydrogenation to methanol catalyst technology receive greater support,as well as the industrial application of the project.
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Table. 1 Comparison of catalytic performance of catalysts for CO, hydrogenation to methanol

AL R RS AESEY, H,.C0,  CO,4%  WiEEdkss O WEER et
27 e 7 €  MPa(mL-(h-g)™") M%'%sz ﬂ:q’;% H(C)/%  Z=E Kk X

Cult  Cuw/ZnO/AlL0, 260 1.5 120 000 4:1 2.0 54.0£2.0  0.730" —  [44]

Cu}t  Cu/3DZO, 260 4.5 21 600 3:1 13.1 78.7 0.796" —  [45]

Cult  Cu®/Zn* /A1 270 5.0 4 600 3:1 24.5 57.6 0.210° 1000 [13]

Cut  Cu/Zn0/Zr0, 220 3.0 — 3:1 18.9 80.2 0.297¢ —  [46]
(CuZn Zr I REEL S 2 20 3)

Cu3t  CwZn/Al/Zr 230 5.0 8 500 3:1 18.0 68.4 0.320° 500 h  [14]
(F Al J#F 1 0.83)

Cult  CuwZnO/Zr0, 240 3.0 3 600 3:1 14.3 32.5 — —  [47]
(CuZn Zr WA EE I 6.2 : 2.3 : 1.5)

Cudt  Cuw/Zn/Al 220 2.8 1525 2.8 1 20.3 63.2 — 100 [12]
(YRR L 66 30 < 11) (B TRE)

Cut  Cu/Zn0O/Al,0,-HT 250 3.0 2 600 3:1 4.4 73.4 — —  [32]

CuZt  Cu/Zn/Al 7R 250 3.0 20 000 3:1 9.9 82.7 7.810° — [10]

Cult  CuwZr0, 200 1.8 80 3:1 12.4 59.0 0.014" 25 [48]

Cult  Cu/Zr0,/Ce0, 200 1.8 2 600 3:1 10.1 56.0 0.013" 25 [48]

Cu3t  Cu-ZIF-8 260 4.5 21 600 3:1 ~22.0 ~45.0 0.930° —  [49]

154



1G4 . CO, A i H B A7) 5 30 E o e 2024 4E4 8 1
gk
HEAEF Jp— WE/ K/ RmESEs H,.C0,  CO5E  WIEEpEsE  HEERT  Ded St
eS| € MPa(mL-(h-g)™") Bl fbF/% M(C)/% zZ=WFR K/
Cu3t  Cu/Zn0-Si0, 220 3.0 2 000 3:1 14.1 57.2 0.055° 320 [50]
(Cu.ZnO st I 28.23%)
Cut  CwZn/Ga/Si0, 270 2.0 1 800 3:1 5.6 99.5 0.349° —  [51]
Cu3t  Cu0/Zn0/7r0, 240 2.0 3900 3:1 5.0 70.0 0.250° 100 [52]
(Si0, 5345 1%)
Cudt  10CwZn/Cr 300 2.0 6 000 2:1 25.1 31.1 0.150° 50  [53]
CHERY B350 3.5% )
i In, 0, 300 5.0 20 000 4:1 3.7 100.0 0.208° 1000 [23]
g In,0,/7x0, 300 5.0 20 000 4:1 5.2 99.8 0.295¢ 1000 [23]
AL In,0,/710, 300 4.0 52 000 4:1 10.5 53.0 0.465° — [54]
i 3LayIn/Zr0, 300 4.0 52 000 4:1 7.7 66.0 0.420° —  [54]
R 1.5YIn,0,/7x0, 300 4.0 52 000 4:1 7.6 69.0 0.420° —  [54]
FoiiE e ANiftI In, 0, 270 5.0 20 000 4:1 6.7 99.5 0.360° —  [55]
LB s Pd/In,0,-SBA-15 260 5.0 15 000 4:1 12.6 83.9 0.350° —  [56]
B Zn0/Zx0, 320 5.0 24000 3:1~4:1 100  86.0~91.0  0.730° 500  [31]
R Cd/Zi0, 270 5.0 20 000 4:1 12.4 80.0 — —  [34]
BEA Zn0/Zr0, 320 3.0 18 000 3:1 5.8 70.0 — 500  [35]
BHE  Ga/Zn/Zx0, 320 5.0 1200 3:1 8.8 87.4 0.630° 100 [57]
AR Zn0/7r0,/MgO 320 3.0 2 000 3:1 12.9 81.5 — —  [33]
B&|  Pd/Zn/Ce0, 200 2.0 2 400 3:1 14.1 97.2 0.166* —  [37]
4m Pd/Ga-Si0, 250 2.5 11 520 3:1 19.7 98.0 — —  [58]
P4 Ga/Pd/B-Ga,0, 250 3.0 80 000 3:1 — 52.0 — >24  [59]
4R Pd/ZnO-ZIF-8 270 4.5 19 200 3:1 9.3 74.0 15.700¢ — [39]
H4® Pd/Zn/Al 250 3.0 — 3:1 0.6 60.0 13.500 S(#a THaE ) 42]
H4JE  Pd/Mg/Ga 250 3.0 — 3:1 1.3 47.0 27.800"5 (B TARE ) 42]
Pt4J®  Pd/K-SBA-15 250 5.0 — 3:1 14.0 11.0 11.400¢ — [60]
H4em| Ui0-67/Pt 170 0.8 6 000 6:1 1.2 19.0 0.972¢ —  [40]
St&m  Pd/Ga,0;, 250 5.0 9 000 3:1 19.6 51.5 — —  [43]
S4)®  Pd/Zn0 250 5.0 9 000 3:1 13.8 37.5 — —  [43]
4| Pd/Zn0 250 3.9 12 000 3:1 15.0 49.3 — —  [61]
H®4&JR  Pd/ZnO-CNT 250 3.0 1 800 3:1 6.3 99.6 0.371* — [62]
St&E  Rh-TiO, 350 0.1 48 800 4:1 66.0 100.0 — —  [63]

il FH e RE R B, FRAE T8RP AT CO, & 2%
PR Pt () G 32 R T 3 Sl 46 TR AE 200~ 350 C T 1.5~
5 MPa, HiSLAEALT CO, e Ab 3 0 FH Bk B vp £
030 13.6 F1 69.2, f5 g F B R 25 WOCR AR e P
AT R 0.93 ¢/ (g - h) Fl 1 000 h; 48 34 AL 5
CO, He AR A Bk £ A 80 i Ry 7.6 1 83.9,
e B 25 0% 0.465 ¢/ (g - h) AT 1 000 h; [#1%

AT CO, 55 1k RN Y I 3 5 v 2 50000 ) A
12.4 F1 81.5 , fi /=i H B Ao 28 WO R AR 1 D e
43914 0.730 g/ (g - h) F1500 h, R4 @A (42
FLABART) CO, e T 1 Y ik 5 v 467 55000 1) ok
13.9 F1 520, FHEE A 23 A8 AR e 1 I3k 7y T 19 4%
Wb, BMEUE LA S THim 3 b, H R
1) 5 4 R A AR o0 A SR I A Gz I T A S 7Y
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PIEAEF, an Rh-TiO, fE L7 CO, #% b 3 Fi H i ik
Pk 66 1 100, 5 B M Ak A i 548 Ak 57 A L
B, TR TR0 0 T A A A R0 B A T T & A
AN BE 55 i B AL AR > (SR ) BB AR AL 5]

3 CO, sl Bz a5 4

R FE N AT 2T Ji 22 — S A hi in == ] Y st
Ho BEAMRTH 8B, © Sl i se 4y
SCAFAIT T, M2 T, A A SCH H i
A AR REGE R FE NI H SIS E AR AR
SRIH B ™ , w80 I E A AR s g 1
HEInztT,

*£2 B4 CO,MEHHEEmRE

3.1 Esb co,HBEEmE

AN CO, MU B 5 W3 2, oK) [ PRk
AT (CRI) @A T 28R 1 ¥ Ak K
AR R i 2 72 OB 8 Tl BB 2 72 B, oK 8
George Olah A -FA= HIEE T F 2011 4R 1IE R P AMH
FH. iZ T.J A CRI A @] 1) Emissions —to — Liquids
(ETL) A, A b )] FA o 7 K A S, 3l
SR T HECR A R AR I AT a4k, SR AR
FALR A SAE Cu/Zn0/ AL O MEALFINE FH R #E4T
S0 A B H P e (o P b IR P A T 250, 8 I
FERIBRIK 7= A 9 P B, i H A 47 n] R 2
5600 t A ALRRE =2 4 000 ¢ FEE

Table 2 List of overseas CO, hydrogenation to methanol projects

T H £ Fx [P BB s Btk T IR/ AR HORYAE )y
VK& George Olah UK VK& CRI 4000 t/a 2011 4F4% 7= CO,/Hfifp 7K il & CRI
)& Finnfjord E11951 VK CRI 100 000 /a it &I 2023 CO,/mfiEK A CRI
EFFT
North—C—=Methanol Fe A North Sea Port 45 45000 t/a 2020 4FJ 8l CO,/Hifift7K il & —
Power to Methanol Lo ] e Consortium at the port 8 000 t/a P& 2023 CO,/HLRKIE —
of Antwerp R
FlagshipONE Fiig i Liquid Wind ,@rsted 50 000 t/a i 4 2024 CO,/HLEK A —
ER"
FReSme E: FReSMe consortium 1 va 2020 4F ef5 w4 €O,/ CRI
H i K
RWE power—plant Berghe-  fi[H nine European partners 1 t/a 2019 447 BTl 4 €O,/ CRI
im—Niederaussem L fR KR A
Green methanol T ] Dow 200 000 t/a — CO,/ HLfi 7K il & —
Methanol plants 1t ] Westkiiste 100 — — KU T thyssenkrupp
CO,/Hfift7K il &
HyNetherlands 2% ENGIE/OCI/EEW 27 000 t/a — CO,/HiffKkiE  —
Fairway Methanol B HAZIARME 130 000 Va 2021 4EFF T CO,/ & WA Topsoe
I ZEH7 JE 7/ (CO HASRASR)
Pacific Hydrogen Canada JIE=N Renewable Hydrogen 120 000 t/a — CO,/ HLfif 7K il & —
Canada
Circular Carbon Methanol HA Mitsubishi Gas Chemical 1.5 t/d 2022 4E R CO,/HURKII A —
B~
Swiss Liquid Future Fii -+ Swiss Liquid Future 5000000 L/a 2012 #%* CO,/ HLfi 7K il & Swiss Liqu-
id Future

AN, CRI IE &R 7E 0@ AL Finnfjord fEER T
BT A — PSR I R A = T T Ak
T HE v = S A e R R AT P2 ) FRL A K ™ A 1Y
AANENFER L, FFEET CRI B AL (ETL)
ARMATA T, BIHAE” HEE 10 5 v, B H BT
2023 AFHF T,
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Pasadena, H H 7 = J1-/0 ) F1 36 [H ZEHLJe B A Rl &
BERLr, BRI MR 2021 43 A%
A E AT A [T CO, 1D 22 7= A J50RE, 3T H
SR R AR WA e B M IR T Y 18 T t
CO, H R 13 5 (7,
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North—C—Methanol £ & F 23 H {37 F b A 15
I H T 2020 4EJ5 3, A XA RT 63 MW Y HL
i R RS SRR, AR T M N R ATl
JRUEE R BRGS0 2 3 Tl Al B 5 I O,k
FEHEE AR 4.5 Tt R,

T M e, SR ] Liquid Wind PR32 28 FH 2
A2 F L R H#  19 44 4 FlagshipONE ) 4 5, H1
BT H B e i AR AU ER Ornskoldsvik 11 15 ) PR 55 17
Al KT 2024 AERRT AR 5 T L S E
Fig, FlagshipONE 114 5T A4, Bk 4

AR HEATIE AR , 5 0T 154 o g H oK ™= AR 1Y
SRE RN A e I, %I RS T
1T, R A AR R g (AR

B L R3it B Ah  FE AL S8 R0 PR A 0 B IE 7R
e did="a
3.2 EHA COo,H FEEmE

IR AR K B AR = RN 2, 2021 45
L7 HE 9 738.5 J7 t, 771 7 816.38 Ji t, (it 5t
TR A Y 33.57%" ), 3 3 512 T HAjHE P —
Ak Bn &L R B SO

®3 ER COo,mEH REEHAR
Table. 3 List of CO, hydrogenation to methanol projects in China

Y ERA HbRT ity FE%{ ES' A YRITA R/ R HEALFH
(FTr-al)
i A RIS ERA R WHEAMESHE 05 2020 AEFE AR CO,/ LK I AR G
il PP st BR2S 7] s L v A
AL
TR BIRR R R 22 Ml hEBE R RE 0.1 2020 4E 4 CO,/ HAfK A 3 SR AL
& BRI TR 7 AN 2% X s F1h [ 5 A5 e Ak 7
il 7l e A R (Zn0/7:0,)
A
REA R RB A R & PA A TR R 1 2022 4F 9 Hili4E CO,/FEPIER Cu/Zn0/Al1, 0,
RS R S A B 4 AR AR, K H#=
fRAR HBEEE ™ LNG i H £ CRI
TLIR R A4 A TR THEES LR RBAHL 15 T 2022 HiligE CO,/ RN Cu/Zn0/Al, 0,
2wl COo, il g6 W RE Wk AR F] VK CRI G
WH
T SRR 231 e VR Ak WS AR TSR £ Wihe 10 Tk, 3 e Co,/ ik il & F 32 T = A
THRAFR ZE i  XSR2HT B TARAR % 2023 4E 6 e [ 325 1 A8 Ak 5
g W R R AT (Zn0/7x0,)

EgE|

2020 4F 9 A, HHE S 5000 v/a —SEfbiINE
Tl F T 3 6 2 A VA B 8 7R TR A
HBRAFLARRAEIZT . 1% H R P E R
T SEIR AT e AT A A ) 499 O R S 45 4 1) ) i 4 b
R, A G R R e R i
TR0 R AT R R AR 11 A AR A R A K
BRBERRAR, BRI iz b0 n] 35 42 5 CO, %4k
RO H PR REA LRI 2R T2 4R T+ 24 2%, %I H
1) 2 GHEE AR 1 J7 ¢ CO,HRk,

2020 4F 1 H 17 H, A E Rk B K% b P i 58
BRI =2 N A A R A IR AR SENE & T
M 2% K FHBEIA RS s i 3T H 7E 22 M X g e fe T
bl X aiE T, 1% H B R BRBE YRR &l | L
K SR S AR A R B 3 AN SR AR HL T
B, b b2 289 i, AR 1.4 {250, %I H 5

TR ACIBIFFE T 20 g = A BA T 2K ) 19 0 O
y NIEIIEEER ) e 1 = K e ) e W G ST SR T
BRI 10 MW SGIR & fk R il S 4 A ae,
W2 H 1000 m’/h B HL AR K T A A, HilAS BT
I KRS BEFENL ZE 40 00 ~4 200 kWh, 42 H Hi {7t
I FUR A B e A K ) S AR BB RE . ATl
S R B FH G AR 58 Fir 2= AT BA B 320 &
) 15 A 4 SR SR AR AL 7R (Zn0/ 200, ) | 44
FAT S A b e e e B AR M A
fit, Horp AR F R PR R T 90% , AL FE 1T 3
000 h MERE/NT 2% 7,

2020 4F, 22 BRI FR R A BR A v — S Ak
il 2 A A B B IE 7 YA R SR (NG ) T H %6
FRUhaEsE, 1z H VK CRI 28wl & A sk
P BT 20 R PR 28 1 £ P TR S8 AR VR TR 0
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LNG 1 CO, MR EAR . WAL ie IRE 51
B WA AR IR S5 T 2B P AR P B
LNG, 35 H 3 0] 7 44 ¢ BH i B A X 4 06 41, T
2020 477 AT, @G )G, Bt R4 T 255 F)
YIS 3.6 ¢ w’ A= HEE 11 7+, B LNG7
Tit, 300 COLHER 0.44 12 m®, 3% 5as Fhasik
AN B Y, EWH BT 2023 42 A
87,

2021 4F LA R IBA AT BR A R 50k CRI
INTBEE T UM R — A 7= 15 7 1 i Uk
e till Y1), I 1l A Ak A 4 R P — 0 Y -
BRI R LA, 0 H WU T 2023 AR,
LI H a6 Tl R A AR AR R A [ R A
I, VK S CRI AW ETL %4 46, B4 i T
20 AR TN A A R B, % E R
TLIN LA AR A1 1 B o 075 0 ( MTO) ) 25 8 v 3%
U N AT ER BN T AR 2 O R TR
FOR% O A 1 REG IR 2% EVA BB, IF AT A2 775 000
T7 P R CIR R, e i BR SR E pL L 5 GW
DGR L BRI H L BE 6~9 J74Z kWh'TY

4 BHEHFRZE

1) CO, & il £ R4 RS2 4% Co, R Is Ak A
Shy v BREIIMELf 2 5 RIS T AR DGR B R AR 22—
HARBEAR I, BT B AR AR S — 25 0k E
FHBE, 5T RWGS [P 25 12 il FF B A OCHOR B A2
PR S Ry A5 R 2 %o TR S 7 2 T et ) Y v
ANEA TR T AR H

2) ATy T, RIS MBI ST ) BE TR BE T
Cu AL HATH S e 21, i R ARk AE
iR, 3 S b 7R 28 M n) R FR I R B R
(50% ~60% ) , HJ Vi A B 7K Sk Cu LA AL
PTE  SEURAL R RE EE T e, Bk i ot T
Cu FEAE AR Y B3 £ 1 31 80% ~ 90% , {H i 7K
Gy IR BT AE . B9 R BT T R
BOAMEIL R, FEALHE = S fL S | AR M 5 4
JEAEAET, H K 3% 1 4 BT I K 1 [T 5 R A b 5
Zn0/Zr0, 47 28 1 H B et e fsue v, © T 2020
AR 2SN T CO, & B R I H

3) Ak D, H TRk £ E &K w2 d ot
BT CO, A H B Tk b =85 5, 34 Eh K
I H R, AEHE _EF#E 2010 4R B
Bl 22 AHOCT B 457, AR R Bk [ Ak in
S RS E i & R AL I B 2 W E JF T
R, H B A 728 41 4 000~200 000 t/a, 7=V A
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sl R, WRAGGAD A AT A b O A R A i
FY T H Y RESE I K e i ik 700 000 va Ay H
B he, MAsIal g, & B S AR in & H i
Hmshie  (H & bl 3 EAH S ki it 5 41
R TEMERRAAETIASNE St B AR T =,
TR A JRy A 5 7l , 3 H e 2 3K5E 1,

SRR S AR I A T R )
K T MAXTRME A H A, RRE LT 4
J7 I

D) RS IR AE AR Jr s e A, BT &
AT BN R FH A4 A0 70 28 B2 A e Ak 7], R
B A5 M T & A B 3 Ao AN T i S AL 5
FEPERE EARHUS T — $2 7 (S M Foe At
PR A S R as ], HAh 2R ) f AR R A FE i
AT T L A ) B A g i A M B (R AR
A TR A S SR H A A A R B A5 )
Tl AR TS

2) T CO, A £ YR s AL 7 B IR
ARG, 38k s B AILER S PR s TP 4 3K
(B Z [ AH BAE F B i — 2B R R, N ITF & A
G, AL RR T 0 RS M | SN BEFE IR
LR IS SRR

3) JnaE Xt CO, Jin & Y R AH 2C Tl Ak Bl & i3 it
BEATRORLRIA Ry, E AT BR 2 O, m & il B msam
H AR A SRR IR 2, BIR 32k A R REA
T R HT BB A B, SR S R R TR RE
TR LA KR &, ook A AR R, Ras R A
IR BC A 1R it 1 e 8 A Rk 2 B B R | Rl
B, LAE— D BRI H A

4) K CONNE I HH B A B = kA A
R ) kA BORHESh . H HTFR A s B
ARG AE FE PR A, (H 2% 6 T i oK 1 AT
FOBREVRTI R, X & 20 FF IBEE (7% 40 R S R ) AN
WEtR R ERE BT REIR IR %, CO, M A il &
B T2 AE R RGBT B, B AR SR HH it R AR
A R R o, %o C O, o U FR R R R IR
R, AEUBUR I R 2 €0 FP 3 it A 5% 7S Y 1
FHE S 77 5 3 3 W ORI B e sl 18 ek
8575 3R CO, A il FH S8 B R B 7R e R, 52
Fia (o F I H 1) [ EEHE R (CCER) #F A 4 [ ik
WH2e 5 , 2 )7 0 2 B BRI Rl & e
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