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1.5

BEE AL N AETERIRRE, KRBT SRA BTG N, A BRI IR
R, HHEAFHSFECRE CO A [1-3]. CO M RERIBIE N 1 HiEk
5 T X B A R e S IR, R T R N, E A G AN EY,
Fil A b A 7= AR 25 R S8 [4-6].

HRT, 48%IMEARER H KRS, 30%KE LM, 18% kAR, ¥ T
S A BRI AR SR S in) 8, 3RAS B ARRE IR AN R U A P AR fE R . &
R LR lR R . AU 5 T 2 hae g\ e —ME AR 1 ae
E[7-9]. EREMIR A By TR g gl fafl. s iE = S, A
By R A BT Rk e . SEILAERICHEE bRy NS AEAR K [10]

TR Bes i, SRERE T 2 N TS AN, S AT L 1 R E AR
Mt BT A SR . BLRAC A& o AT [11-13]. &2
TE L X e R ) EE A B R SRAT , (HAA IR R A RT AR BeAk, 1z
FRIE 277 NOx SOLZEIT YW, R IREE AN e B

HAT, &R E M 5k 2 e R H o] AR RRYR (AR PHAE . X
A HOAARE. WIWREFIAZAE) PRI, XLy v mT 8 ) SR R AN HE
R E A, FEE XSRS R, AT SEEUEAR A2 7 [14-18].

SR, AEARAL S & A AN i S 03 O AT 75 e i — b Ji . Rk, AR
CERAR T B RE R EROR . AR AR, KEE. bt
G I N
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2. W] A RER A

AR AU SR AL S AN AR L TR SRR R BR IR PB4y, BRIEOMAT
JZ, EEBHOOT AR TR R EARRKAE. XAE. KA. AR
e~ HUINRERFERE. W AR REIR S G BEVRAH B A BL TR A3
D) AR, H2ZASE, £ERFPATLEANM. Saeiimit,

RREIRMEE R, BEUEI AL NSRRI R K
2) APEEFEVRAMES, MBI
3)  AIFRAEREUR A AT DR Kb X A S RE I A, (e idtth T R Je

{3 REVE I 5 3T -

PRI, SRR A 7 I T AT R 1) FT A e R A e [19]

SHAREIEAHLE, AT AR AR LU AL
1) FHEAERBRAAAEFE B2 VR BP0 82 —Ma R

Wk ZER TR BRIERI R IG5 QR BRRGESZ 3 AT 5%

.

2) EWATCLEE S E R REDE R CO RN IRE R, IF

FER FHIZ BRI B CO2e BRI, & mT AR AIE A BTN ) COL HETC

H BT EV S A I S LB DI % AR B A i L

2.1. AR R

AP ASAHI SR IRIES ST (FR. BRIEES) BEFEENEEL
NEAARMERE. WE 1 iR, EVMFRENRBE, 7T TR (4
200 °C) , ARIGHHATHME (200-500 °C) . FEAMPRSME S S N, 4
Y PR A R R 54T (500-800 °C) it RSB R R B, &
FEAEE AR AR AR R RS, R SLES A ] 8 R R s R PR R R
.

Biomass
- ,
~— hydrogen-rich gas
Drying layer (~200°C)
Pyro
00~500°
Reduction layer The stage of hydrogen
(500~800°C) formation
. (d On AV e
00~800°
Gasifying agent (air, = m——
steam, oxygen) | y N
|
B 1. B .

Figure 1. Biomass gasification process.
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BEFP I ) S N85 A FLA0 AR R B, ] 5 PR R — A ] s
e BRI, BRAEDTAE. HHSRNRCRBAR, AR T RMBEN A M, i
MR S L 8 B SR e, L& BRAS v o R, ZE WD A R AN W] 38 S 2 7
PRI . B AR AR TR, R TR
H, NsAT g, (AR AERAE 20,2100 MH, MBI TS5
AR ARSI RAE RSO . T, T AU R IR,
AR B IR

2.2. YRR E R

S5 EBAEYRAAH AL, AP A AR TC AR BT T I3
PR SRR BT IR SN IR ERUIR, AR R AR R AR
Cs R MIR S, 75 BRI RN AT AL . i A, MR
RO IRRR I, R RER ROV ER (221, Wi 2 Fow.
MR R R =, TR H X TABR BN, MY R B S A
SR N L AME AN AR o DRI, AATTIEAE S22 ik T A0 o FR ™ S R 5 i
PRI AN B BLHL ] o

Tar(feed)+Steam(agent)+N,(Carrier gas)

High-velocity burner
Fuel 1 3

Combustion air ‘
‘ Catalyst ‘

Reformate
(H,. CO, CO,. CH,)

B 2. A=W o £ i E R A

Figure 2. Hydrogen production process of biomass tar reforming.

. Reformer

VB AR — R BB AN, K 300 A KR A AR AR (1 By
PR AR AR BEVA IR AE AR R B AE DA, . HRL 2R, BR. BRIEAN
HAl 7 B AL S . AKARARREE T A B, i, BR. B, B
SEo O T WETUAE Y AR R S S LB AT AE RO R R [23-25], 1L HE
TR
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HZRAREIAT, 20 5 A 22% [26], DALMY 25 o P AR AR Tl A R AL
Yo Trinh &5 [27]i@ 1 DFT AR THE 1 FORFEBR L AL (11D & B
SRPIR. SRR, DRPINE—DR-CH: R H C-HEERIM R . e
(R A BE AT SN RE 0 5104 72 kI/mol All—13 kJ/mol. i X — 45 5 i) i A & H 2K
PRI S 5t C-H 8 EUR N, 1525 1 145 32 R 1-CH,
MR -CH, 25 . 2R, MOBIR 2 2DUR 3 MidfEd, -CH, SE[FE—5
S, WAWN Co BB 4 IR FAIAR T i C-H 8RS . MBI 5 I
B, IR C-C 8, TERUCE 2 R R EEE, 8 IR 1 RIAE DA
F1H. B, 7EFRZR GRS, & F S BRI R 1E
o Mukai 5 [28]38 i J5 A7 {57 A8 4 21 4h 63 (in-situ Fourier Transform
Infrared Spectroscopy, in-situ FTIRS) XJ4# ] Ni-J& Lag7SrosAlOs #5EKH #1477
() PR 2R A 280K e A I REHEAT T HLEERF 9T . INIH L oh s R i, K& SAE
12501750 em™ Z [A] B sZmafR /N, [RIRS, BRSO () A [A] P2 ) 2 A0 i 0 B
Ao R TRBIAE R R =Y, fERREEARIRMGINT 2K, BB, M AN
KPR ERE T RAWE, EARRGAENBRT, FIRSMR C-I5
¥, MIMAE Ni-2& Lao7SrosAlOs 85 ERH 8 AL 71 ZR TR B B H (8] 72 4)

A, A EEGSEGNE. KR AKMEEmED, FIHME
BAK. CBRRKMIME, MUBFRHEEER (4930%) [29]. BERHN R,
EF g s, &—feaamaEik. Wik, SHEKMMEL, oRA
BRENEASE (1 B/ROBRAE 4 B/REAS) - Wik, 282 E%HIE N
REREZ —. CRPERBRNZE - NERNERE, MUER IR ERE,
i H BRIE T DURAE R K. REERRN, JEREA Civ Con CEREEN
AHWD [30]. KA (1-16)FT7 .

LR FVR BRI :
CH;COOH+2H,0 < 4H,+2C0,, AH=131.4(kJ/mol) (1)
IKZE AR RN :
CO+H,0 < H,+CO,, AH=-41.1(kJ/mol) ©)
B BE Al O«
CO+3H, <> CH,+H,0, AH=-206.1(kJ/mol) 3)
CO,+3H, <> CH,+H,0, AH=-165.1(kJ/mol) (4)
2CO+2H, <> CH4+CO,, AH=-247.3(kJ/mol) 5)
LRI i IO
CH;COOH «> 2H,+2C0, AH=213.7(kJ/mol) (6)
CH,;COOH «> C,H,, C,Hg, C3H,,coke. ..., AH>0(kJ/mol) (7)
CH;COOH «> CH,+CO,, AH=13.3(kJ/mol) (8)
TR MR i«
2CH;COOH « (CHs),CO+H,0+CO,, AH=16.7(kJ/mol) )
- 2.1
CH;COOH «> CH,CO+H,0, AH=144.4(kJ/mol) (10)
2CH,CO < C,H,+2C0, AH=-76.9(kJ/mol) (11)

2CH,CO «> C3H,+CO,, AH=-110.7(kJ/mol) (12)

4



TEEREIRR S 510K 2024, 2(1), 145

O TIADYSINE
CO,+2H, <> 2H,0+C, AH=-90.1 (kJ/mol) (13)
CO+H, < H,0+C, AH=-131.3(kJ/mol) (14)
CH, <> 2H,+C, AH=74.8(kJ/mol) (15)
¥ Boudouard S ) :
2C0 > CO,+C, AH=-90.1(kJ/mol) (16)

Hoang %5 [31]#F 75 T K FH Ni- AL K ZZ R E R R MNIERE, INAS
T P A 25 2 B0 A 2RI AR s
CH;COOH — CH;COO"+H" (17)
CH;COOH — CH;CO"+*OH (18)
PRI AN [R] 1 S5 B 6 42 5 3 R EE RS S S I R TRD = AN [, ATT S T LR )
AR, [FI), Wang 25 [32)F % E7Z Bk FE1& (Density Functional Theory,
DFT) MEHFETHE T RSB E B B Ak ) (11D S B A f., 458K
B, ZFRfEE R CH:COO* i s (NREE #2275 047 eV, Tf#E M CH:CO* i &
MREEH LN 1.06 eV, XK UIEE IR A 7] GEMF 2 AL CH;COO* . It 41,
CH3COO* K Z:—A~ O*JERL CHsCO*, LK CHsCOO*%kZ: COO*EHK CHs* it
TIRE22 0 N 1.15 eV F1 1.96 eV [Klt, CH;CO* i Al BE & R IE] 724
A=W IR AR T2 B AT ) 3 R R AR R R A . B, X
T VELE A P2 AN ) () A B S N R AN e DRI, 5 SR BT I I AR
KL EREIR MR R . HeAh, ARV T R R AL AN S 2
FRER 2R, WNREIRAE . RIS el — S A s HE LA I 4 58 38

2.3 RIS
P B AR S A ) S — MR R R STV . X ST Lewis 5§
[33]T 1949 EFR L8R be . AEA B b R, i 3 o, T2
P SORE R, BIVRRL S B 2 A A B B AR 3 [34]. FERRRLR Mg, RARIE R
KB (5(19) o BREAL SRR S AR A R AR, AR COxs
H,O ALEJF M. X — i FR B2 CO ki fE, R Tk Co HEK.
(2n+m)M, O, +C, Hy,— (2n+m)M, O, _;+mH,0+nCO, (19)
FERBAA AR, IR BARAE S A ke, HERT RG4S
s, QORI T A E AR A I AR 7 B R R e, DRI AE AR
By HRHIEIR AR T, A B BT B N R B B A s . AR
AR, RERB THBHME, PER COy IR
12M, Oy +1/20,— M, Oy (20)
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condensation

xy-1

- M,O
Biomassl

CO, and
liquid water
to storage

B 3. LW AL AR A I R

Figure 3. The process of biomass chemical looping combustion.

ATV AT AN Tl i A i AR A, AR e # . F X
AHET, HisARTAERE, mMEETEAS . A, SFsEREERL, ™4E
SRR E RGN B, X ERE AT 2L 8 51 A ARl & A I U 7 i
P o IXATAFAL 2B A O WA 5T i A 2 ) — Tl v 28 LB O R & 1Y
WIET 2.

FS b, wE4FTR, EREREANEES, Bk (MeOo MIFIEES
AR SR A8 TR AR . SRR R AR R L, B A D VR R U
(MeOy) , [AI =44 COs.

B 4. =V AL AR T R

Figure 4. The process of biomass chemical looping gasification.
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RSN P, MeOy A B 2R RN 24: Hao [FIRT, MeOy %83
S84, TR RS SRR (MeOys) o ARG ALBR /K AT I8 i VA 3k
BAF Hy, MEFEEMEL RS, &5, # MeOys BRGNS M
a5, DA 78 S s S R B IR UG A BUA RS (MeO) » AT F—1H3 . XM
IR THESGSMT (5D Ny ST B S RIFRE, £ CO, BE S
BE, tm VAR E. CdEE A
1) EHTAEYR SRR R 5 NP AT DB, ST O, BE B 1 GBI

F s RORBEAR TR LI AR T FE
2) FAPBE A AEATERR, R T ARSI E A, D

T REEA T IR
3) HEMHEAANEASR S TARMA, fEm T AEMRPIRHESCE. A

RIEX — R SR HEEMEH . Bl TR BN 7L R B E P

BeEENAZ & RE ATk L.

{HFEE RE R T KGR, AFRRIPERE 2 B4 e, %
A% [35]. Bk, ARAEPEFA G AT T 7 M RO IR R KE R RIF
8 B (R AR, e A T T RO L R R B — S R, LASRAS
FEREEEAR . T I 2N A WA A
a. HRERARIE

FeOs & mANMNMRE . NEMLTH BRI MAER, FeOs AE
SRR N, H5 2R RAEER R N, SCBLT Re . HIERHE L
FAERE, FeOs AHME S THIE, BN Fe.0; HAJFNA, 11 FesOun
FeO fll Fe. {EZGIRATAENITEN N, FeO Fl Fe A5 W I &URE 71 [36]. [FIR,
T AR 5 T3k, FeOs 8 28 H .

Kobayashi & [37]8F 7 T AP AR FeoOs A 1) S A Fr M A Rk
Ae. WEFLRBE, A AR B AR AR RD R 2y Bl B A R AR AN [E) T A8 4k . FL
Fe,Os MISAMRE JT ek, T FeO X AEW R AT R e J et [RIET, BRTERR
FER AR EHIUTAR T A FeO > FesO4 > FeyO3. PR, FeaOs S AR To i 2 K
HIPEIR A ER, BN B S Rbegh i ok LGt . H0 FeOs ¥ HL R H A F)
FHEmPUREE. NSk AL iE. o EUEERN 5. Chang & 3810 A T
Fe 03 S E A 7 ZFLA M AV A B Sk se g . 5 3R, LUA
AT BRI 21 Fex03/ALOs MM E SR A X B m, 18] 343 mL
Ho/g. #il4&H B 5 ZFLBREE I Fe,05/ALO; AR T DL AL B £ (3G P Ar
B, KNS AR R ], TR R A . BEAh, SiOs.
TiO2« MgALOs ZE AL 55 HIAE Fe 05 IS RFY) [39,40].

b. Z&EEIML

BIRSCHEPT DA i B — & 8 S A e VA S BV P, (R S S
T, XFeSEEMERAERR, WA SEmEE . HAERH, NER
B &8 A A AT DR M B S AR T, U AT R e ) (han
R im A B ERT 45 ) 1.
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REBAEEHN ABOso FERFEERT, O AL T REHERAL, LK
VUi AR R\ TR P AR B . A NI B <@ TR 78 [ IR [l i 5 o, —
AP T AR 1R S 1 AL, 15— AR T bR TR R A A Y
B i [41]. RESHI TR B MOCRA R, JF AR . XL
FEERAR A R A TR T A B E I . N, BT K
SN AL, REINE M A . T HAEAL, CaFeO4 AT NiFe,04 5
SRR RS EFHENTRER

< Mg insertion
Spinel @ barge) Rocksalt

FCC oxygen flame
(32e site)

po.— letrahedral site
_ (8a site)

Octahedral site
(16d site)
Octahedral site
(16c¢ site)

A(DB(I),0, %tagt) MgA(IDB(II),0,

Bl 5. R SR [41].
Figure 5. Structure diagram of spinel [41].

X T CaFe 04 AFA, HuZE [42]IEiL % Ca:Fe FILLHI AR T CaFe,04 Fl
CaFe Os I PR S 34K . 45 R KW, Ca:Fe LL#il N 1:1 B AT CasFe,0s %A
BERAEESNHIESR, KT HAWEEMER. R, 2 =MEH)E,
AV SR T Fe-Ca @454, T2 T CaSiOs Ml Fe,0s, SIS
FRIEST 8 N, Liu 25 [431F 50 T CaFe O 544 )5 £5 v A [5] - i S o7 DA &%
ARG A BRI -1 SO o A AT R BRI - ] s B R R A A CO AT CO,, i
HIR PR RTHE, CO#48N COxe AR, AP A EEIR TS E RN o

X} F NiFe,04 22 A1, Huang %5 [44)F 78 T NiFe,Ou 1E 4k 4 787K 8 2
FHANIEIREE . ERRY, EIRJESRTERE, Fe Ml Ni 2 8 FIPE XL
R R BRI S RE 1. SR1, A F IR G T BOE RS EHAMAAE R AR
HEEH R S E, TR Niv FesOs Al Nig—xFepmOs = JCIREWIMH. N T
8 NiFe,O4 AR E M, Gao %5 [45]7E NiFeO4 H M H B N Ce, LR EHIA
BRI SR e GREW, 24 Ce MBRINEN 6%, NiFe,O4 EEAAN
AREE, XREABA Ce n] LA & A MR TBRE 71 RV E R 1A e 1

3. HAthth| S 55

3.1. JK HEFR IS

HUEK ) B S A SR B, AEERCBAERTS, KTl il fe gy
BT 2 A IR AN AR AT o ARFEBOR RS54 R AN E], AT 2y

8
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N K LT Calkali, ALK)D . Ji 28 # i 4l K B f#2: (proton exchange
membrane, PEM) . BfJ B F 42 # i /K B fi# 72 Canion exchange membrane,
AEM) . [BEAREAYI K AR (solid oxide hydro-electrolysis, SOEC) %%, Hj
=R SR BEZI Y 70-90 °C, SOEC i #24E 700-800 °CHY il I EAT S ML

b, ALK FI PEM RIS CSBLR LAk, 17 AEM AT SOEC {754k T 5255
EWTER B IR DU R K I SR RS LR W B 6 P

ALK PEM AEM SOEC
0, H, 0, H, 0, H, AirtO, H,
OH H* OH- (0%
— ——- ————— — e
g gl | &
: : : £ |
Slala]s| B - E 2| 8lal e ] E
218 % (288 | |E5e
o
= |2]2]| 2|2 = E 21E12] 5 - E
=l B O Z18|8 21218 = Z 815
S |1218] 22 ' K Slel2l = = = 2
& Z & g 2 g Z -‘—é “
= % o
I I E 5 T I I
Liquid Liquid pure Liquid Air water
water water water vapor

B 6. Hfifk /K Al S DA S 2

Figure 6. Four principles of hydrogen production by electrolytic water.

3.0.1. B AL (alkaline electrolysis, ALK)
B PRV R N FH B )32 B LR AR S TV — o B A ) SR P R
ARV R 7K o TR I, X P 4t 3 LA FE PR A FA S
Iz)q*&:
2H,0+2e — H,+20H" 1)
BH*&:
20H™-2¢ — 0.50,+H,0 (22)
Bl P AR LA R, BEAT Y R BB B PH . PR, AEAR TR
B EAREE S L, BRI A AR . Bk, B AR IE T Ak
AP IR R R RL, A A
swlEsl (Ru) VRN AN B AR R I H 2 NETRIEZI A R . R
T 5 B () A A FL T B G 2 — . Bk, ATT— BT L
FEARFLRA . 140, Wang %5 [461K —%4bEL (TiO2) A Ru I MR
SR BTN . AATHIRT TR, TiO, A1 Ru Z [A) B [RIAH ELAE AR O 1
HE AR SRR AR, I BE S I AL S SR N 7 AR Hoo
[FIFE, Guo %k [47)id 54 ET (CoO) 41k, 393 T Ru ffHMEALMEBE.
et/ (PyC) fEFIARLL, 1XFh Ru/CoO Z Wit U Bos
AL YE o IX PG R R T Ru 49K 0N 5 308 2 [A] 05 AH AR A, B 1
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JIrifil £ B Ru/CoO FAb ALK IR E M. B 7 iX L5t @ ok, 8 (N A
Hi (Co) STt Bthaa TRE.

FEL AR AR PR B 3R T 1 A0 T v S8 A S S AT B & P R A B
EEEREERIER . LidE 48P K 1 — M EA @8 E)R Ni@o & Ni
& (Ni@O-Ni) FlHL ] S5RR, Zahi BA MR B &N A ok B
WD ZE 7K, N7 AR e A S B R SR PR id A B . A Ni@Ni/NiOy 7£ Y]
AR 0 i R R I H I 7 ) HER 1k

Li 45 [49T85d I K BWERINTT R T CooSs-NisSy 5751 A THIZAKE (CooSs-
NisS; HNTs/Ni) o S5 5&HL, eI A PERE T AL TR T EAE CooSs
KB NisSoy PIK Ao IXATEESE T CooSs ZHKE FI NisSy 442K i Z (A1 k1
BRI S, LS CooSs Fll NisS, 2 [A] Co 2p HI Ni 2p RIS & Re K
A AR, NI AR T G R AV M P [F) 4 ] HER AT OER.

SRTT, ALK AR I A5 S Al AR BRAF40TFE S DL AL & PH HLR S /)
AR e o I U 4 T PR A TR %) SO T DAAE — R PR b R AR S ] R
3.1.2. RFXX#E (proton exchange membrane, PEM)

JiR A N A K PR R AL R MRV AT Wi, AR L, (A
FEAERERAERTY . BRAEMEN FENEH T A SR A
FERELAFHLT, RAEMEEE DR e R KR A . IR A
e SR ZEAN Gy T ARG B B AT AR, AT DL KRR B IR AL [50].
Fukazawa 2§ [S11JF K 7 —FEH PEM S v #5 [ LA KT FREM R B . 45
R, WA T AR R .

3.1.3. BIE 73X #E (anion exchange membrane, AEM)

ISP B8 2 80 B P iyl (10) 3= S 5 1) 04 B B - AT A R A A i U 4 R ek
W [52] JEH, 20K BRI B B M VA A AR FELR oL . [ B8 - S R S AE
AEM HUfiE/K R ER 2% OH MR AL S 2IBARKL,  [RIFBi7 1k i1
FE IR 2 [ ELAERE RS (53], AEM HUREORSE & 1 ALK HUfE/K AT PEM HEFEHIAR
ML R RTEEBRIE A BT FHAE ST e @ A7, 41 Niv Co AT Fe. Ub4F, EA
T BRI A E 9 F A BT, AN TR 4 1 77 i AR )35 G [54-56]

SR, BT B S R A i) L, X v A R R ORI [57].
Jiang %5 [58]4 i T K ELZE)A (polybiphenyl alkylene, PBPA) [ 5§35 )k,
TG I T e A% FH B & 7 A e IR K r g . BT R SRR, SRS IR FIH
fife 5T I FE X FE T PBPA HIBH BS A0 /K i fi# (anion exchange membrane
water electrolysis, AEMWE) RS HEREM Y AEA B & 2m, hW8 73T
PBPA [ AEM 7E S TV R i) &7 TH OV 7
3.1.4. IR EAEAL YA (solid oxide electrolytic, SOEC)

[l A S A0 P F A d S EH DY 2 2 R, B R SR, FR . R LR
FEL B AT FL AR o 2 TR BT TR S o AR B R /KA 38 S B Ho AN O O 3 i FLA I
B ZAEBIM A A % 02 SOEC 7E 700-800 °C R TAF, A I 25 BRARKE 7K 43 125 F
ST, T AR H E A [59]

10
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R HATKT SOEC MR FBUS TR KitfE, (HANFE— /R, BT T
RS S SRR, KPR & B E R & . 5 ALK, PEM #1 AEM #H
b, HEMERE, BTy AR SE. BT ERRZERFM, SOES &
FEARATI AT 5256 == A FEB B [60]

e g AR R ZUAH B, 2 B A K 1 SR AR AR A AE T X IR B i
N, FERAFEAIG YY), NREOR R R R SR . (H R R T AR 4E
ASAS . LiuZs [6117EWHF7E R FE i, PEMWE i &0 A /& 72875 H e B 3 1) S0k
AR =5, BIRF] 2030 4, PEMWE A RAS EMN$4-8 kg FFE$2.5-4
kg'!, AL SRR A S .

R HIH T S0 S AR R SR 5 B I B ] [62].

=3 W NEIEN I E ik P E et

Table 1. Comparison of advantages and disadvantages of hydrogen production from different electrolytic water.

Electrolysis technique = ALK PEM AEM SOEC
Electrode/catalyst Nickel, cobalt, manganese Eggﬁlﬁ’gﬁﬁium’ Nickel, cobalt, iron E:rr:gsilc(ilfeigfs other
Hydrogen purity >99.8% >99.99% >99.99% >99.99%
Electrolysis efficiency 60%—75% 70%-90% 60%—75% 85%—-100%
Emergence time In the 1950s In the 1950s In the 1960s In the 1970s

Advantages

Disadvantages

Mature technology high flexibility, mature

Long response time, high

cost

Safe and pollution-free, Good adaptability, safe and Safe and pollution-free,

technology pollution-free high efficiency
Membrane core technology Exchange membrane
needs to be improved, high technology needs to be
cost broken through

High working temperature,
Immature technology

HLEE 7K ) 280 H A7 A 1) 1) B R REAE Ry AN . O T IR R LR AR,
FEARREREATRAS, AR FC T 80 AT RE AL FEF A B K I BB Bk, itk
JSATLEE AT AR A e o

3.2. EETEHIA

TR A, TEAR IR BRI S S TR T
B EET. ErMEmiE, SRR —iA & 52 H Tonks A Langmuir [63]
T 1929 FHEH M. K, FE AR HILEA R, BH TR A5 .
T KSR B SN E SR 7E Liu SERHFEF [64], MA17EAFEE
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Chung 55 [65]3&H 7 —FhoR FH &5 B 11 MBS R i ) 7% . 1071248
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AR R SN AT, A K BH RERE 7K B G AL 23 il R TN — S
T ATRFEETTTR, ARRATRRE .

e oA
Photocatalyst+2hv — 2¢”+2h" (23)
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4. I FEARNT L

W a g BRI A, S TR 2, HA s S S Lk
IR TR] [71-76]0

R 2. SRR AL

Table 2. Comparison of advantages and disadvantages of hydrogen production methods.

Hydrogen production process

Emergence time Advantage Disadvantages

Biomass gasification
Biomass tar reforming

Chemical-looping hydrogen
generation

Water electrolysis for hydrogen
production

Plasma hydrogen production

Photocatalytic hydrogen
generation

High temperature (500-800 °C),

In the 2006s Reliable quality and efficiency effects of by-products

In the 2000s High hydrogen conversion efficiency High cost, lack of new skills

Performance of oxygen carriers
affected by number of cycles and
temperature

In the 19835 No expensive and energy-intensive gas
separation processes
Hz is produced twice the amount of Oz (by-  High cost, insufficient facilities to

In the 1950s product), high hydrogen purity conduct process

Plasma reactors can be turned off at any time

In the 2000s . . High cost, operational risk
with no repercussions
High cost of photocatalysts, low
In the 1972s Clean and sustainable reaction process efficiency of large-size

photocatalysts

5. B ERE

ST WA A 7 IC R, T3 RTAT ) R A B v
COAfEEBE. BIRERER — MR MR RN, (28 B AT 2R B miiEL .
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A A A A MR TR E RO —. B TSRO,

fitda WA, T 2P RN 2 e SR e BoR .
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SN (A% 0 % NN /T ol X B i O e o S DAl s o v < T i
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Abstract: As a result of the array of problems arising from the use of fossil fuels, it is necessary to develop and optimize alternative
energy technologies. Despite hydrogen being an ideal form of energy, its primary source is still fossil fuels via conventional methods.
Therefore, several hydrogen-production resources and techniques have been investigated, providing feasibility for clean and
effective hydrogen production. This paper provided a mini-review of hydrogen production technologies, including renewable energy,
chemical looping, water electrolysis, photocatalysis, and plasma.
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