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Abstract: Developing the proton exchange membrane (PEM) water electrolysis technology with flexibility in a wider load is an
effective pathway to couple renewable energies with water electrolysis for hydrogen production and to achieve renewable energy
consumption. This study first reviews scenarios of hydrogen production through the coupling of renewable electricity such as wind
and photovoltaic power with fluctuating loads, and analyzes the fluctuation characteristics of renewable energy. Subsequently, it
elaborates on the basic characteristics and research progress of water electrolysis for hydrogen production from three aspects: effect of
fluctuating power on electrolysis cells, accelerated degradation of electrolysis components, and simulation methods for fluctuating
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power. Furthermore, the research and development directions of PEM electrolysis cell technology and PEM electrolysis for hydrogen
production are explored. The current status and economic feasibility of wind-solar-coupled hydrogen production as well as the
industrial application trends of hydrogen production under fluctuating power are clarified. Finally, we propose the following
suggestions: (1) deepening the research of fundamental scientific issues and core components of electrolysis cells, (2) further reducing
hydrogen production costs, and (3) optimizing the layout of wind-solar-coupled hydrogen production and institutional guarantee.
Keywords: renewable power; fluctuating power supply; water electrolysis for hydrogen production; proton exchange membrane
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WARAL, REWE 5 AR AT, T A R I R = A
(RS R I 7 AR J0 I e, DA TG S5 AR e IR
JEH YN I S (R SR A R VEAT LR FE S

T R BN IR ER ARk I Sl N 7S 35
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FURT, [ P9 AMIE A B R I Do 20 X R ) S A
ANTRI N FH 32 5% 71 il PR AT B o I I 2R X Ha )
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ST H R A IR CHE B 37 KR M 35.8% B &2
7.5%), H SR T RARE RGN ERA .
HESATH, FERFTDBMEL) FHEE. B,
WEE. 7. WM B AL SRR S 0 A R B s
TR, AT AT FE A4 i SRS, K F A
. fEXEHEEHIES, XA ER R
K FRIER L —. TG P A A 1 H AR K
AIH, e SRR — ok B bR SIS 1
L g7 22 SR KA BT Ui b XA i) &
HR . FRE M BRI R ARG, 2021 451
FHABEBEIT 1.69<10" kW, RN A E BT
2.638x10" kW; Tiit#120304F, ¥ X Bt 1M
BENLA B30T 100 GW, “FHEALFE s s A K LE B wir
AT R 40% LA E.

AR, EAMEGSEER T 20 2 AN R RS A il &
IRVETRH o FEWRM, BEABFR T A R AR
L R R A RE A 25, i XURE R 38 L K Ha i Joid A
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i AT PR AE RRVR T by TR BRI AT E , e
22 AE 2030 4F 2 R 3~4 GW i XA TR
2040 FF 1[5 10 GW R HLAE B 8x10° t il E A .
T E R S TR AP R M, EOCEEREIR ., witig
ITERTHMAEZ AL, EXREHIERGML
Wit HIEARGISAT LARACH N . 44 A IR
ZEUE VAN S5 0T T R I I R

B gim E 07 A LG, AR e R R A4
DA r R 2R . MR /K I U AR 70% Y5 FAN
T HEH AT R T, XUH S A R A S A
2~3 1% PR SARTEHICE 0.25 Juiy, XU ISR
K5 G AR & B ERN A& 25T
.

(Z) ARLZBBEEHIS IR EF

AR K ARG e T AR RR TR A 5 —
KEZERMS. 20224, HAMKBIGREIEN
142.8 GW, Tl it 2023 4= 4 3R OG AR B 3 R ALK R
230 GW. HAl, AT REL N 6x107 ta,
A A EOk B OGAR R HL, AR T T G 2 AL
900 GW. AJ W, SefRA& sl &R 2R E K.

T, NN YRR T RO AR Ak i A T H
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FefR R BHI AR BRI, AEE L. HR.
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2023 4 8 F i I R SR JE T H A T R
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e J¥) /4T e BB D A 1 L 25 A
2011 Ji%E Kk Ramea &7~ Va1 H iR AH 690 kW
2011 + HH Bozeaada 7~ 701 H CiRg KA et 30kW. 20 kW
2012 18 5 RH,-WKA T2 PiRg A 140 MW
2014 rh LR A R A I XU R R SRR F T Kk L R A HM JAH 500 kW
2014 H ] ] 2R e F T 9 e A B 3 W 2L e s Ya I E HM AR H 30 kW
2016 e [F Hydrogen Office building FEW N 750 kW
2023 DR R A E S SR IE I H B TR 2x10*t
2026 ¥ [F Dolphyn I H e A H 10 MW
2030 i 2% Nort H, 37 H =g A 3~4 GW
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