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Abstract

After the “dual carbon” strategic goals were set, China’s domestic energy sector began to promote
structural transformation and follow a low-carbon development path. Clean, efficient and storable
hydrogen energy has thus become an important carrier supporting this process. This article focuses
its research on the hydrogen production stage at the very front end of the hydrogen energy industry
chain. It systematically sorts out the relevant content of four mainstream hydrogen production pro-
cesses in response to the academic research bottlenecks and engineering implementation challenges
of each technical route, including the application status, technical constraints, economic characteris-
tics, and full life cycle carbon emission levels of hydrogen production through electrolysis of water,
coal, natural gas, and industrial by-products at the same time, it proposes the development ideas of
phased carbon reduction and multi-mode coordination for China’s hydrogen production industry
in the next 5 to 15 years, providing academic references and theoretical support for the high-quality
and sustainable development of China’s hydrogen energy industry.
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1. 51§

A ERAEVRATARB 7 ) 2, FREARIEHEE XU H bR, SR TR A% G Tl it B Al k), 1
K BRVR AR J R AN TT D 2 R 4y 2022 4F, Bk AT (ERE LR e KRR (2022~2035 4F))
Bt T AR R IR B e, WA BN AR RIE TR BT . ISR AR OB AL, ik
PR AR AR B 2R, BB BN ARSI . TR DK R R AT RS . AT E
Sk g R, A REVR I A AL . SR RTE N NIE SR R ERAR S S, HP R SRR,
FERBAIE T T SR AL VA M B TR RS A A =, B 22 (A LK 2 . BAORE, MK
HIEZ IR T 0 5 &R/ A, R iR e A 2, SEHIEHERL CCUS HAE B LUK R0 2K I,
Tl AR = A g P A g R ] S Al B R R, AR S 52 B U s R B HE TSR R R R
PR BT IX LG ), AR SCEE G R E AR SEBR R SR IE O, MEEARIMIN . BASTE L BicHEOK
S XA R VTR X DY R A% O AERE, 0 E I B T IR A T A b, O 1 48 3R E R &7
MRTEY 5K B B2 1) e Jo 52 S Y B AR A BV SRR 1]

2. BfKHIS: BRERKBSTRENMAROFERRS

MK R S e Lk ar ARt B . TE SN R ME— R AT 2, AR DR B AP K A X Y
KR HAE(AWE). BT 72 (PEM) . [EHA S HLfR(SOEC) . B B 12 # I HL iR (AEM) o [EI Y
Pk b, HIS AT H R Z wAEdL . AR B R Xk, B, A TESE M DK
AT ] A RRIR I EURIETH , BRILLAAL, SRERETEITIER RARBUE AL B R RIE— 0
SOHSETE,  Regh ISR A TS K T UF Ak 2] [3].
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FARKEL, RSSO A% GRS A T 2R, 12 E PRI R K TRk N FH XL
AL . PEM FAARARE BT FH 19 BH AR AT 4205 S (OB R ) MR e 75 2 FH BRI A Ak 7)1 BA AR AT 20 BL(HER ) 75 FH 41
BT, XL 4 JE F K, 7E HL MRS SR L o LU 40%, PR A RRIER TR e i A 7~8 I,
PG k& e AR RGO ST AT R . BRI PR Ra et SEE
EHIRERAR, DA EMRIEE 0.3 mg/em? LU, EAERERYE. SIS ITHREE T, MAFIE
PEOL USRS HRAE R R R, B FIET KA Z 500 /NSE, X AT R R R =M S 4hE
B AR AR R AR I TR B S KA S AT B, R AT AR SO PR OB AR [4] [5].
BILLMEEEFR H, PEM HUMR /K HI S AR R e Y 5 A Il /B, AT 72 FELAS P I RS AL B A% O e R 6] A EE 2
T, B R(AWE)BOR BAR LU S, (RAFTESNAS RS . 47 A PR IR RE 70 55 10 1) 3, J&3253@ o KOG K L
P s M YR, 98 Tl Is T GEFES BT 15%~25%; 2T AEM 5 SOEC $i AR H mi {54k T il 56 i B
W, BRI AR E MEA S AR AR L SR BHAT A ) A AR B 2 R [ 7] [8]

AT P S A 77 A R ELE 20 21 30 JofE T oe( 42 1), RRER A A 2 3 3 £, £y L
MI3E5 S AR . AR TAR R b X R4 . A3 DX I o0 A 1k, 4Rk
X A REAEZE & 5 B A E SRR 50%0A b, K= BR=A. RSO 9 XU 75 5K o b
Ik 70%, X XA TR R I R L R SRR IS AR HE— 0 BT, 2 T SRE SIS I K

Table 1. Comparison of the technical and economic characteristics of mainstream hydrogen production routes in China

1. PEERFISHRERARZF I

BBt A BERA R

N2 GIRMAE)  (tke) (%) IO 5 & 5
HLRKHIZ(AWE)  800~1200 20~30 60~70 FAR B, EAXOEIE; A S, FhHE
FARKHIZ(PEM)  1200~1800 40~60 70~80 ) SRy N Y L, = P o 3 N

AN 400~600 10~25 60~70 AL, HEE: # CCUS Bug Nl A

FAIR A 600~800 15~20 70~80 RIEEER, Ea AR, FEZR

b ) 200~400 8~15 80~90 FEAMG S PERAR E 5 R

I R AR K 1 S b o R N AR BT B, R SR T AE T BKIR T OER AL R AA & f sARFAZE [
AT TERTTEEMRREAS . TEIAT TOUMBC U R S0 MOCHE & B & B2 ) S5 07 TS BOR B 43R
SRIEH SR TUE BT I, 2030 £E R J5 AT A AR A B A BB S 1 Ge i A B A R T, WA T
IACHET B2 iR [9] [10]

3. WHIS: CCUS BERET] SRR LTIz

H AT R RIS, RIS, B s b SRR Al s L2 e T2 FRIE R PR
Fw, KRHIE T AR, EAEERE BN A 50% L EOLE 1), Rl SR TS E
T AR IR AR 11] [12]e AN “XURR ™ B bR PR 2R, S ST Mk 1% 0 i) 5 B 28 PR e = RE AR 45
SRR A RE AL 4 A v A B BRHR B B, AR 7 B AR S B I RIS ) 18~22
kg COx/kg Hy, TETA A 77 R /& 5 1 A ETL CCUS iR, AR R B2 % 21 2.2~8.9 kg-COxvkg
Hy (WL 2), 2 ik I T BRI R R AL RSO T R el i F 7 Qi) AR AFERRIA 21 1.6~2.5
GINCO,, LRGSR T IE 6~12 N E 4 s SAALBRIE A A EAE A 1T 22 2 FE . 100~180 kWh/tCO,,
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Figure 1. Market share of mainstream hydrogen production routes in China
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Figure 2. Comparison of carbon emissions throughout the life cycle of mainstream hydrogen
production routes in China

2. EEIRE SR £ o F AR HS T EE

Y BISEPR TREN I AR, RN CCUS ity ), @RI MFHAG AR, BB IERRA S M 1S 5
o, EEEhE, AR ILE R B RGN CCUS REMIBATHRIFAILEL, RETARHA
B AR SFCEAF A AT MR A AT BE, AR OR AR 2 A I A SO0 WO T lE R . 34k, SRR
TR ALK BRI DL, KBRS A S AR AR, e — D4/ 1 R S0 H 85 =)
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WA L BRI AT AL, BRI E] T 18~25 Jo/kg (WA 1) AKIRE B E7 2 4% A7 & CCUS
BoE . WHESRE S G IR R, B T B RGN T e R ON IRBR I I B SCEE A T 6]

4. RASHIS: FROR, EXTRISKERERZR

R FKZERERESMRGIAH AR D& K SEHRA, 28R RS, B T2k A 55 H Z 00
H#CR AR, EE AR AR ER, B IR 20% (WK 1) [17]. AL ERRE—BZ =AM
PESCARBR S, o A2 T ) PR S, BRAE FARE RN Bt b, BB sk AR . R
SRR ML OBANSN, AL TR, bedh. KRIGMYIEEZ, S8 SARERE T 215
T RRGEAFAE AR, X E 4k S A AR RIETR B TAR RS Ao ARSI A S R B F T 2
KM 9~12kg-CO/kg Ha, WIRAERAD CCUS AR, Bt isust G F% 2 3~6 kg CO2/kg Hy (WL 2), ANl ixp
7 A2 HILRE R R oA BRI L

YLBI A [ R, TR AR AN R I8 B M R AR A A5 1 U R FFAE 15~20 Jo/kg (WL 1), ELERIEA
BA s MR E RS MK AR FE AR iy, B SR BB UR 22 A AH S RIS U VPR K & R AR SR SR ffk T
HlE . BRI RGO, KRR RIN TN A S E S A 2 B S & B, EEIA KRS
E WA mE R IGMSH, MWKEAREKRE, B b o b g S S AR A W AR S AR E
W17
5. TUREIFSHE: KRARERSIE, SHERESHERY

TolAE = R P P X A E B SRS &R A . ) TR, PDH BAIXE T~
P, AR R (PSA) T 2524l 5 s BE 3 AN, A 2B /= AR . B RUK-FERIE S EA 2 1R
e, TEE AL B & EEOME 20%31] 25% (WL 1), 2 3 T A SR be s i AR SR 18]

HIXKIAN R A A0, 5, PEs w OB A= ge i, Wik | E 8l
B, Wi R NIRRT RRSE. RREAATE R B, BRI A5 ILRE
Hh A5 R B AR R g, DR EERRANN T2 BB A N AR LR B =, XN (R 7% AN UL T 1)
W AR bR ™ E, ToalkA e ml s A S L, Pl T B4R X4k, 1 3 B AT R EE R
X, RIS AT T ER MR . B, e H X Rl AR AT DL E = S R
R, AHEBEARREIA R E T . TIOR8 R A5 B ARSI B B, 3B Sl LR 7%
Mo TMbEI A A A B IR HEBORRETE 3~5 kg COxkg Hy (LI 2), A —E KBRS EME: & Hig
VENIX S5 Y AR SR, TR AE A [ Y 1 P B AR AL G 1 il S B 22 [ 18] [19]

6. ZRERE

R ER 2 Hi DA R AR ARG, AR I E H S AT H AT RN A 2 AR R, IEEIZ D
FETUI ST B o i) U SR AR P B R S AL 3, 7k 2R, H R B HE L e Y
LT SR Tk R 85 R TR B B &Rl . R IR sl AR P R A% S0 A
HEAREER A, BRI EIAE T & LR BB, JR SEBL A RE A L B S TR i b R ) B
Pk AE, AR AR R AR RO T FI[20]. R R 5 2 10 4, FEGIEAT L IR A E M EE
BORIESNFE M FE T SN R OCBEIE S, 77 bR Jg BT = 2R T T — BRI, B
S A 1776, ARIEEIRIKIT A, M5 FEN4G CCUS, SRR ASF BRI T 45
SV SR, AtiiadE Tk S S R TR SRR 77, 8 S A SR SRR R F 4 B
1], RS RSN RIELRI R, =P RGATRIESS, RN b5 T (1)
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Figure 3. Regional distribution of hydrogen supply and demand in China
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Figure 4. Suggestions for the development model of China’s hydrogen energy industry ecosystem
in the next 15 years
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