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Abstract: In the context of the increasingly severe global warming, exploration and implementation of effective
carbon reduction strategies have become an urgent priority to address this challenge. Syngas fermentation, as a green
low-carbon technology that reduces greenhouse gas emissions, recycles industrial waste gas, and produces renewable
fuels and chemicals, plays an important role in mitigating global warming for a circular economy. Industrial strains are
“chips” of fermentation, but for transforming and implementing syngas fermentation technology, the development of
new instruments and processes is also very important. In this article, we review the research progress on important

instruments for the strain development and industrial applications of syngas fermentation. Firstly, we summarize the
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latest advances in high-throughput cultivation and screening of anaerobic microorganisms, which have accelerated the
optimization and iteration of screening and engineering industrial strains for syngas fermentation, providing robust
workhorses for commercial application. Then, the review outlines the research progress of various types of reactors that
are currently used for syngas fermentation, including stirred tanks, bubble columns, gas-lift reactors, trickle bed
reactors, and hollow fiber membrane reactors, and discusses their potentials and challenges in industrial productions.
Among these reactors, the gas-lift reactor, due to its low energy consumption, simple structure for less maintenance,
and good economic performance, has been widely used in the commercial application of syngas fermentation.
Furthermore, we comment on the development and challenge faced by the integrated syngas fermentation process,
including raw gas purification, gas fermentation, and product recovery. After an in-depth discussion of the development
trajectory of commercialization projects for syngas fermentation, the review points out that the promotion of syngas
fermentation not only requires technological breakthroughs, but also meticulous engineering management, forward-

looking commercial planning, and strong policy support, all of which are critical for advancing the technology from the

laboratory to the market.
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Table 1 Reactors applied to syngas fermentation and their performance
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TR N 3 [ 4] s E 78 45 A1
Bl ARG T AT R Y R TR, kT
AV TE B 76 R N4 P, T8 Iy
A A PR b B E 3R, A R — 2
JEE, DAYk D AR SR A T S R I B A
AN [ 1) R 3 7 SR AT AR S, AN A AR BT
EINCIRA RS S UL [ /) IO £ B 1 P
TR 2 THI )45 B I D) 2 ek b, AT AR 3 R 1) B
AN 5] 4y A o Devarapalli 25 " {f [ C. ragsdalei
TE T UL PR IR 3 7 11 B3 R 2 T R R AR A P R 4y
WA F) 132 g/L AT 158 mg/(L-W (£ 1), 252
BRI EE IR N4 2 1. Z R BB TE R s T,
BT s, SRR SCE 238 T 2 £ B
b, M REREE T S . Rz,
AR CAARE 5 sl , BT RASE I R AF (TR A AR
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(a) Hollow fiber membrane bioreactor (HFMR)**!

>

(b) R R WA T
(b) Trickle bed bioreactor (TBR)**
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(c) Monolithic biofilm bioreactor (MBR) !

(Unit:

inch)
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(d) Horizontal rotating packed bed biofilm bioreactor (h-RPBR) ™"
(Unit: cm)

] 4

XA BT R S B A R AR, T
JEINALE

B AR (B4 ] AN B
RAM R, fE R R RN, B0k T
R TAE T . ST GRS b, AR
P s N2 T L N B E T il RS, PR T
Je B, HET > TR 2 S N A I RERE A A
TREAR DA A IS AT A . B AR Sl M S A5 22 5
e R T AR S A AU RE 2 A2 10 ) 3 U A AL

Z: & %@}im% [52,63-64]

Fig. 4 Configurations of different bioreactors'

52,63-64]

SNy BRAE PR A P T A AR T AR A R RN
xR AT, W R . R
FE J T8 RSF, AT A 20 B AR I8 B ZE ) KU .
Shen %% " i ] C. carboxidivorans P71E 3R X AW
JE s N s PR AT TR RO, RIAE AR AR
M TR LA AR R YRR R E m T
SO RN (R D X535 T AR A I 3L
A EL A A% TR RN [ e A ) e T . it A
K, FERARMISARRE T (<300 mL/min), #E4k
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AV BRI K oa )L 80 3 SN 28 HH [
T 24 SR 300 mL/min i, 4K AE P i
SN ) K oa S o X 52 BT AR AR M e B 2%
Hh i) R A 5B TE Y R s B U R . ORI
B /AR IR LA R L o FE R AR AR IR E
RASIR, @IE S R)EEE RERIER, e
R, X5EE RN AEEIEM . HESER
BRI, AR R IR, R B R
I, BRI R G RRER A EE A
HAWPKERFIEEER . 75X i s i
XN FHATERAKEE, S RYEE A Z
() ) TV I N SAR AR e = A I . TSR ik )
A HE R A, SRS RV E 2 AR B —
J2 A R S, T R0 T SR R T T AR
WA WK TR ERE, WERS TERAE. &
BIE RN, R A L GE TE R AR R
Hney, 2P RAORA R, AR E K,
TBARBEH R .

Shen 5516 IT K 1 — Fh 7K~ Jig ¥ 35 78 IR S 0L
[E4(dD ], DABGE AL B FR IR & O™
B AR RN, B MR A AR L N
H, —RRIBERE S, —FREAE LEANE .
SIBUIES 9 2 g I = S ot 7/ S Ok R A
B 5 WA AR Bk, DT SRR e 2 A 1 A
AL DA TR S & AR T ORE AT ASORH 2 8] o BAH R A%
5 CSTR KL, K, a Fifi 45 Jig e 38 & 1) 384 0 i T+ & o
EZ RN #s ™, C. carboxidivorans P7 H#E4T & B
KW, L ER R 23 AR T 7.0 g/L A
6.7 ¢/(L-d), & fE Ml [ #AF % fF T CSTR # [1
3.3f% . BRI, fE—E COWLIE T, %RV
K af&T CSTR MBI L R B 8%, R EIZ R M. 2% 1)
TAE AR I AR AR T CSTR, 1 AUAH A (1) &
R EA MR RS T EEER . AW
T ) 7 B OSBRI IR 5 3R, % M
s, BEB A AR A XA, AT B TR RN
T ST AR R PR AR . BB A, %R B T LA
FE B8 T8 AR AR A G A RS 18 AT, T
TR J N g 5 56 AR R AR R T8 3 AT RS 1
P 1

FEIR R N 8 AE B UK T U R BRI
RLFWE 5, B G 2 ik, HE, wHA

& R RE A G E B, LR A R ROCRAT R
SEPERS W . RIS, AR AR AR P AR R 1% 3
A S AR v i BT . R SRR
A (GO) B A5 W AR B AR A W B s B 2 oh B
S i v S L 0 I P P 2 e S
LA TG G M B AR e VDT T B — e R T
e T 5% DA e T AP A g B AT B R T 2 B )iz R
VE o RV B R R B0 An AR B, (B LA R
K, HisfrEEEm. Kk, Ak k
Wiz E MR R A, HERES . i,
i AE S B e B 2 A T B AR E R 2 — A
AL, AW e R] BE S BB AL B RH Mg, B
1 RS #8 AR P2 R . T R RS G ) B
AW T H K R A RE S AL BRI K T
OB R PG R R, iR R N R W R
R R ™. R, ZEARKMA 2SR
IS % i BERAS I T

Bt S 6 MU & UK BRI T, AR AE R
S P SN O 3 A5 TR A T A E 6 IE 1R
ok, EEmLABORE R, X T orE. TR
FRFM N, SREARNRAELE P RARS
LT R . A TR IR RO B T ML AR A
FLPEATYE, 0 B AL T2 BT AN S8 B R A
PEHIAATHE 7o 4E Takors SEMIML 5, & MR KB
BN A W) B N s K AR AE 500 m* BA b, B Th
FEIAE 0.3 kKW/m' AN, A T 24 45 s vl
B BT, Bk TR RN AR, B
HEBE LI R TR RREFE . PR
PR E A, IF# DR B AT R R K& 5 TBOR
Ao b, SN AS I BEARE I BOR B AR I AR
ARG FEREHE R, B P &% 1O B A0 R
PR RN S B s R S B AU Uk
JS2 s b, A PRI R R B B A e R U e RE D) AR
Ko MR AF BN B A IRREFEII LS, (HH S B
e L B AR B ok o BERETT MR S N A8 AE kAL T
oA R, 3 7 A AR W IR B 18] I 4 o
HEFEZAERETE, RS B . ok, &
5 LT Y B S N 4% 0 1R 8 T TR PR A AR I AN i
TREM A Tl 7= B0 Kk, fE¥t T
b S B A I, N ER S RS AR R L BERE A
Rt [ (117
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2 ARk LZ

GRAKBIRELE - PMERNAZ TR,
Wk B ERRR AL B . A KB R
i/l A G QO B U R R A TP UB= £33 NN $ii 3
RBEARAT UL RTT R i o B nl i s v, T LR
FARTH B TR BRI Tk AL S 7

21 ERSTLE

oAb B 2 A O R T o R IR 47 (1) SR B 0 B
IRA B B HR  AR R  5  AE W e A i, AT
SR R B AR AN PR A A RSO R YR T
W~ AR B A B o R ) AR R B, R
7 CO. H,fCO,%, EHEHFMEA. WM. &
. BEA IR A A . UL R A R
Hw LI A 0, R A8 4 ) S R — S AR B
SR TE T, AT BEAR AR AR P AR R,
SOM R B B R, BRORFR T R SRR S
FRAUR AR B IBAT 0B . A AR A AR K A
Ab 3R H bR AT EBIASE, BT LA S ) ER R AL 5
%, [FIR R AT DOK X sy iR g AT A A . WA E
Lyt o TR N TR VAN = S N 1y N3 e R 1
HOE AR KBE, FH K WS B A 50 7 A% o
A A E & Jm) s RS R . b S
FICA L B AR p A s ARy B4R, JE it
PR I R S I A A B A s Y Akl
Tk S B B B A R, R AR IR AT R
AR ZECAR TN B R SR (HLSD .
G ARBARGE I v I o AR e 0 LA A AL AR
T ASE A R ] 25 PR R e R T, IR RS fE
SRR, R EANFEEZ AR E.
MERAR 7 T 2 RS, BRI RN, Mk SRk
AL S A AR, ERARR R . IR,
TEZAF IR . B RS R ™, f
WHAIE K BE S . M, EBSE 2 R bR
%, I T HS FIHCN 2528 5, fi & i /<ik
FIE A R RIFRAE B 5y — IO 70 v e
M B H ARG G, ATUA LR HS M COo,, [F
IR B K20 H, A1 CO ™, (R, Al LUK 2 Rh £ B
A ITERC A, TF R RS m A AR Bl %€

B, LB MR B L BRI R AR OR AR Tl
N2 FH 1 B AS o

2.2 REIREES

B R I L R A o) 2 a0 A R I8 2% AR
TZEZH, REam-rr-Emis. KR
ZMZHEW, OIERE. pHE. KU LE TR
WA o I 0T IX 8 2 R S I M A SRS R A ], AT
DA B GCZE ) O ACBHE 31, AT $ s & B B
RO = 2R
221 BAREG 2R

A BRUSR T R 77 R D B PP ) A R U i A
WERE TRV . 77 ORI 8 IR AR O S A 4E
AR TVEBEMMESE. 4R R
R TTECER AR . 4EAE K B2 T 2 AR
AR BN, BLAE RN B-F AL AR
LR A RS HAh, MR, RS MIE
B of 2 S 7= 2 TR TR 1) AR A RAR I A R kA BT
™) RN T 3R AE A U I b R 4y v B
Mt B, . B HEME TRV Z R
B G R, HEZ S T AR OBEE O R
AR YT MK E TR, 2T
TAE A K2 B DA = IR FE N o bk, 45
BT M AR NG AR SR B pHAE, A
T 52 R B A= 0 RO AR 2503 . A T e N R ik b 2
BREN. 8. 5, C ragsdalei M| A& A RERA
A AR, RBREE T BERREE. A
BB TJE, C ragsdalei 40 % FE AN 2 1 7= & 50
FZPRAK. 3520 T C. autoethanogenum 1&6 AR
P AR U IR B . FEBE B TR B AN 7 pmol/L 3
Tn ) 280 umol/L K, C. carboxidivorans 2 g i & %
W, OB, TEMOE™E5HEINT 245,
6.6 5 F1 43 fi5 ¥ PRk, BrmEM &I —NER
M, HEGEFEBMEMRE TR ACH
FePE LU AP H R o
222 ARSI A

ik JBE 2 5 e 5 BSGR I R B Al A A AR A
WK EERN R, EARKHTS, REXSE
SR PR T 5 ) 3 AL o T 2 e, X
P F B AE D Rl 28 L R B SR A DL K H AR 7R
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Shen 2% " i | C. carboxidivorans PT{ER IR JE T
BEAT & CUREE, RO R RGIREE (33 °CHI37 °C)
et Tanp PR AR K, HEPE TN, T
KA (25 °CHI29 °C) MG T 5REE, HSHE
KB EK. HxdAlFRMI7TCRIET
Wood - Ljungdahl & 12 AH O HE K (1) i K0k, (H 265
AL 5 AR 77 AH DG IR BE IR E 25 °C R R RiA .
I, AT DL IE I T A R R O S B AR ) S KR
PR A BT o AN, IR BE AN AR ek AR
AU 1, 34 52 W SR 7E T PP () 35 i FE R A
AR, ERACRE T, [SEEMER S, XF
Bl T4 s AT A A AR, DT B R A P 1
U RE J1. SR, I v WO B AT g 2 PR AR AR I
FAEFE AT R i 4l A 4 A 2

AR KES RS, pH BHE MM EY M
ATE AN =P 50 A o AR pHAE (W14.8) A H]
TR, Ham KR &Y (OB
Ol WAR. BmipHE (ne.2) AT
KW S A . thah, MpHEMKT 45
W, AR 2 B E S, BRI
ko fER B FE, d Se iy B pH B H 31T 30
APE, W] LA 4R RR R B9 PR B AR & H) pH E
Bl EXLIEN T, R 2B Bz dl pHAE 1) 7
5, WEW) IR R pH E DU AR A K, Bl
Ji& A pH B DA 1457 2 7= P AE i o

T TR R R ) A AR,
B 7ot RIS BT AN, R R AR R TR A 2R
AT R, AT 38 8 G A ) % S IR B R 26
Lewis 1 W 7E R B, 4 CO 43 Fi M\ 0.35 atm 4 = 2|
2.0 atm (1 atm=101325 Pa), C. carboxidivorans ]
AV EEIN T 440%, [FE 2B E B R E
F 2RO TEARKRERRH IS
KR TR U SR R AR Y, R EOR
YIRS KR . FERE R 1%
T AR ALK SR RN R AKE. R,
B SR, 25 AR SR R S AR
Ve A 2 2 18] RSP AT o A B TR I I A 4
ZHEOFTERE . M EREMNEH RZMEE. R
M, Erlidr=r, SE3ZRT B ER gt
VARSI VTR = N A €2 v 82 (B2
FANZERAE T A ERE R I2ITH, HBEEAR.

TEA R B il b, BRIRFE . pH.
ORP (A ALIE JFLHL A7) . 4 it 25 FBF 45 5 390 1 0 4
SRR oy BT 0 T 1 o S RN 2
it 2 & SR AR 2R R T R, R M B RE RUARAE
BEZES . 2Lk ae i ST AT S AR,
JCHGE M T EE RS (WH,. CO,. CO) MIfEL
IR e AERL T I R R U, E A DU
MR SRy Can R ER S I o RIS
BB R G & R, s Ak
TR ISR iy (I mL/L H %2 uL/L 20, $55)
EHTERRER AP M E SR i gL
PRI AT Ak CBFEEEAA, H— Rl
B AT sl 2 2H 2 Rl 0 A, & B B AR SRIRE Y
RGN o 0PI P B SR A J s L, AT
KA AR, N THORE S 40 DL A s IR 26 &
BEAT B 2 AR

X T VBAR P A RS, e B A e 2T A S i
Hlhr 2 1% 3 m] F T R e B (0 48 2k pHL M AT AR
WA 4y A e {8 B IR R 2T A0 1 o 4 R VA AL
Y R OB RN RBER S, FAS
FHHOK S F B A8 TP Pl i A I v
PIREIR ER PR, PTSCETHES pHAE, XX &K W% pH 4%
BB EE, WROLREE ARSI - B,
A B IR 0 21 A 0 1 KR AR M B RE L (mo—
H. N—H), 1fifz &6 x e s (o c—C.
C=C) TR, P& 45A T HE A il 1 28 o
Wtk . fER B AR, (8 B AR e 41 A1 i T A
MASRH sy (anCo,, MHz 2 6 5w 2 B il A AR
WY CGnEIR. L), 4563 T B E R
SKTE 2 0 W0 41 Pl 2 P, AT AT A 4 T 43 AT 4 AR
BOIRA . M4, WIS T TR B AR
FRASE I o

GRS, KW R CO.
CO, A1 H, ¥R FE () Se i WS e T &4 =6 E 2, (H
H A R T Hh R B A W 3 i AR R EE 1)
AR S, BAHAR Z RS L a5k, 1
S B B AR AT AR AE R BR 4 B, CO-WLAL R A e
W AT 3 B BEAS I 1K) O, {HERAE B 24 L i o B
[ 30 min, HE&RBEARHMAR, ¥UHTK
IR LRI © . CO M H, FIMRIA iR 1S 5 S 78 M
IR G, RS HASRE RS, K%
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WHME RS (&S R~ nlae
THALKEAE T, T IR BUTT Bk ORs 57 1% 17
AR P T AR I R 38 P S IR B A7 AE D
WPy, FERAL AR S AR T 1 s, @ 2T
BRI P,

223 REER%

B R T A HR AE B — RO R 58 AN R
T, EAERAREEENCN B AR R
XM VR T A R SR, GRS . pHAH
1%, VL HAR M e &M . BgK
MR AAE T T 2mAR i, W& KRB, H
Hok SR WP e B = d], FH"EXH
BRI, PRI, FROOR EEE A A PR B AR
Ko EERIPL KBS, 72W) CBFE 20w Fh
AR v M, PR R B O BEIR BE 3 T 52
IR

PR R % 2 B U R B AR 2 AN B
BT, FESE — BB, & BB AL A
PRV (W TR, AR BB, X sl ] PR 4t
— AR A B (B, RSB BT
AR FH AN (5] 1R 8 A S5 A Bk A P DA A JR 19 2 5
RHAMWRNZ R ZGHEAF TG, @ity
BRI B A = B, IR S B B R S
B, WP RAE AR AT
FAFH C. ljungdahlii 347 & AR EE, B ANF 1)
SN A AERAE SR AT B A e AR KA AR R B
AN B AE SR s e tift, DUE N & 3 1Y
Hbr, A& OBEAF=HARTIA0.37 ¢/(L-h) ¥ [H
I, 1% R G0 oK 58 4 e A0 B AR AT TRIYACRT 7 A
R, DL 5B A 2R PR AR AE PR AR . 2 RKR
FEAAN W] DL i P b = i, b vl DA A i 2R
R I0AE . R C. carboxidivorans 5 ¥ & 1S,
MR CRAT R, WS Yarrowia lipolytica FIH £,
RRAN T IR G R B-IE bR

MR ACRE, BT &R B MDA
K18, ELEEMEN T R &R &R
MZERER, WEeRER AW, EE K
TZEHR R EERLL, 8> T HER IR, 460 T
REEREIA, T TSR, md YR
M SELsh &, _TH T YRR . R
s B RET, WAL TREIRE, BELER

PLfai Ak, dE T RmE S 7 AR Ak g, FFRRRC Tz
BA .
224 SRAKEL HAFARAEE

L b CO, & i 72 — T A H 7K AR S0 1) 4
AR, E BT e TR AR B AL BB AL 2
an s DRI AE 5 R BRI v B U = Mk i 45 & R Bl
HTRE R AT R KA KBRS AR S HE AL
MAH BT KB A5 = a2, SLBlE
e AR P RO AN A 1 7 iR AR S R
AR R G B NS s, FH
HL T R DL B A S B A R, FRR A
Yoy . MY E U g, K AR A
KN, [SEERERENM, AT
IR AR Y AR E K A R RUR B S
PRSI T N S Al AR R B R R T TE
Hmwt s, IR KBRS,
M AR AR 7 LR IR I AR M Ak A
IR IR B Ak 2 s B I R o R AT L BROK FH
eI e AL TR, SEEL CO, 1R JiR 8K [ e Do,
— B S H N O e K BT RS &R oL
A, IS T CO, KOG A ALy CO Fl Y g 45
HA I IR 77 5 U Sk OB IR 5 A
FRCTUR AT BB, R A BURR B AT A Y SRR
RV, 0 T8 L I 55 T 5 m BEAR RGN AU R A
H A 6/ H AL R TE CO, B b I £ 4k T 58
B, HX—HARmIET 28k, B4 AFR
EME L B RLE DL 5 A UK TR R G5 R

7] 7l o

2.3 FYNSBESHW

FEE M REET, N0 85 AR
—ANERMZ DB, EEHANEEREFU
[ Wi i 0 5 1) bR 4. R B R ) IR L
B > BRI IRA S RERE, RE TEANTE
B hat o 78 G TR I SEPRERAE R, 7
K 73 5 A0 B BT i VF 22 PR, 2R il T H AR
Wy F R R 3 R R, B IDCRE R T R 0 RE B BOR
BEAh, H bR IR AR AR KRR AR A B Y
U AR P A B R e AAC &, X R IR R A
FEHE— BN T oy B R ECMEFE . L2 H Al
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BB E T MAL I ZE e, AR R B
WP R, B AR R BOR BEAT Bl i . 38 1 XX
BERSBOR, T LA R R I 1%, Il
A R T8 TOU B AN (R R R I P R R
R0 A1 L e L % m] g 3 PR U 5 R0 T e 3o e g
A7 3 REAS UL A £ I b R Y Tk T AR
M, KRR A AL, W EBHAM 2
BOPBORA BT BERE s, AR ERIE AT
RE 3 BUMAE A B B R E D B AR R
M PRE K B, TR AR i R A
oK H a3 5, X0 70 B AR U R IR 7 B O™
R EESR, PRI 75 2R ST A M SO g 1 2 R
W7k, LA REAS [ AT 75 5K

BRI B EOR, AEARE TR
fR AR BB (g, JRiE i v ket
AT RIS o XA ITVERS T o3 B LR S A AOK
VER RSO DL 2 o) B . A ik A RE AR
T B A REE, EAESEPRAE] T, BT G
455 S BUR T EETE e, HE TR A R
AW TR 5 ARHOR S B R R BOR A 46
AL WA R B N XA AR EOR
RES TG ik 80% (HED D M ARIKE, &
& T AR P REIS B AL

I 0 2 5 B 0 A T O IR v D ] R R

Chnid AR AR RE PO SWAREE > 20 88 . LI o
BEONERREEIE . BEOMyTRE, Hobhid g
I et i R RIS S R Rl T R TR P ]
o D) ) Y g A A RURE R R U R ) S
TRt T 0 IR AR B e o, Rk g
FEPD BT R K R A3 B AR AR A R
e CRLEE. %D WHMBE KBTS S
S E

ST RO B B AT FARR IR AL SRS A
NP RO AR AN & TR AR, a2 M &
FOTRIEY, SR B Be B, R R N R SR
o (B H ATV 2 0 S EORIIE E A LI B, &
T 2 U SR ol S F A

2.4 TZEMRREFNE

FER VT & SR B HOR B RaE M 5 RCR
AR B B JEORE R v R B DL R i
it )73 B9 B [RISCH A, T R 7K A0 3 R i [ i 45
ARG R EIBIT N HEAEELN. N T &
R H TR S M) X L JEORE, EERC A AR E K
B, A RSB RO . X IR AR LS
PRI AR o DR A I 7 it Fi 45 A B HE AT v 2K
AR R . WK S s, H A RAPELE 1%

Bs GRAIKEERTZ

Fig. 5 Integrated process for syngas fermentation
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WO S bRk, OB R RE R AR AR
WE. ZRTRMK. A E . RAECRTE K 4 #E
AN LBOHEATEMR, MR T HE B EHR=R
1 T2 AR AL R R b= A )
(FHRER TEAGREME, TSRS
MR E BT R AR, B EA S S LR,
RS BN R B o B ok, G T HX RS
BATH T, JRE— P BRI A . Bk 4h,
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A BRI PR AR ) 3 PR O K A 2
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ey, Tasa BRI E AT 2R LT
Mro B B T Vit 11 8 R T KB AR
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G5, BECHFEMEE, SRERRA. fEIE
HHE. BEEPE. ERACREZE, BREEY
JRAAM BRSNS W RAE . AFSRIEM
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XOUE R E O, L EE OGN OBE RS o
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PR, ¥ CMRIKEIR = B 45 g/L Fl P~ 248 = 2
4 g/(L-h), REAH A M 4.15 3£ Ji/kg % 5 2.78 3£
Ji/kg. SRTT, %A N TR 2 H ARG, B
58 W 5 XoF I N i i T 4 ) P S e AN 2R B . TE B
AU X 3, X R R R Bk, et
RAFNEZE A JEHROE, BN G BAOR R
Al 1) 2B 1) SR 5 ORI AS 29 0 4300 J6/t, AHEE T

VIR B KB LB R A BRA TS . A
R W IR JEURE A A% 52 J5E 5 B AE 9 JoR T 7 1 95 Bl 5
W, A5 D AR b RT RE A R RS . R 2
B2 T H 6 s UK, R oM m R, BN
WEEREZRG . RN, BB 50
PR m BRI, 2 [ B A R I, R N
AR b B O 22 T 4 /0 s ez, A v I SRR
B o BURFAMIG ) BEAR AL Can ot AR AR O B ) HR RRD
oo 3 B0 W AR sl . [ bR B 5 R4 R
e T A S DX A I DR B SR A A A R, AT
BEFT B A Bk S W 117 37 (0 P4 AT 52 0 2 B Ay
t% 1 H R ORI D B Y T H S
R b A, RIS RSONE AN 28 5 A 1 R S A T i T
ER PR WSS B SCH, ABOH
W18 8 Ml ok A SR R EENMT AL RIS AL, TR
PPN AW a A N Gt K G | R IR T Ee Rt
R N5 $ AR 28 B VP Al 5 A A A B i 4
&, AR RZRE RS SRR EOR, B
Sl E

WO 2 T AT I A B R Bk (A,
AHEE A U SR R A EERE o BUR A U AT
TS pIE AT LR AR & R0 A B 1) A FROAS O i
W E S 7). RE N OEE M R4 T 4
G T B R A A R R I A I AR g T
PIIREL I R JE . £ 2021 4 6 H RAT I (&S
S 3% ) 3 M AR A BRARER 42 5 v A A M Aoz )
et i, R T AR W R A2 B A i ol A X
I R% 0, 75 LR R 0 A A0 A A 7 T T B R
202343 A RATN GBI EYI BRI E Y3 1%
KHEDR) SR, AR A iE w1k %=
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Fig. 6 Shougang LanzaTech technology for ethanol production with a capacity of 45,000 ton/a from the furnace oft-gas
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