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Abstract: Driven by the "dual carbon" goals and the demand for renewable energy
consumption, the direct coupling of photovoltaic (PV) power generation with proton exchange
membrane water electrolysis (PEMWE) for hydrogen production represents an important
technical pathway for green hydrogen production and long-duration energy storage. To
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address the insufficient power matching caused by fluctuations in PV output and the electro-
thermal dynamic response of PEMWE, this study establishes a PV-PEMWE coupled system
and an indirect coupling system incorporating a Boost converter and incremental conductance
maximum power point tracking (MPPT) control, based on a PV engineering model and a
validated PEMWE electro-thermal coupling model. The effects of irradiance step changes,
inlet water flow rate, and inlet water temperature on the dynamic performance of the system
are compared. The two coupling modes are further compared in terms of energy transfer
efficiency, voltage, temperature, hydrogen production efficiency, system efficiency, and
hydrogen production rate. The results show that the indirect coupling system can more fully
capture the maximum PV power, increasing energy transfer efficiency by approximately 1.5%~
5% and improving the hydrogen production rate by about 6% compared with the direct
coupling system. Under fluctuating irradiance conditions, the indirect coupling system
improves the dynamic power matching between the PV array and PEMWE, mitigates the
direct impact of PV output fluctuations on electrolyzer operation, and thereby exhibits better
operational stability. Increasing the inlet water flow rate enhances heat dissipation capacity,
reduces temperature rise, voltage overshoot, and the time required to reach thermal
equilibrium. Increasing the inlet water temperature helps improve electrolysis reaction kinetics
and enhances both hydrogen production efficiency and overall system efficiency. The results
indicate that the indirect coupling mode exhibits superior power matching capability and
dynamic stability under complex meteorological fluctuation conditions, providing a reference
for system architecture selection, parameter optimization, and stable operation of photovoltaic
hydrogen production systems.

Keywords: photovoltaic power generation; proton exchange membrane water electrolysis;

coupled hydrogen production; dynamic simulation
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Fig. 1 Equivalent Circuit of a Photovoltaic Cell
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Fig. 2 Schematic Diagram of a Photovoltaic Cell Engineering Model
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Fig. 8 Dynamic responses of the two coupling systems under stepwise decreases in irradiance: (a) voltage
response; (b) temperature response
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Fig. 9 Efficiency and hydrogen production rate responses of the two coupling systems under irradiance steps:
(a) hydrogen production efficiency; (b) system efficiency; (c) hydrogen production rate
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Fig. 10 (a) Directly coupled PEM-side temperature; (b) directly coupled PEM-side voltage; (c) indirectly
coupled PEM-side temperature; (d) indirectly coupled PEM-side voltage for different coupling systems under
different irradiation step gradients
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Fig. 11 Temperature and voltage responses of two coupling systems at different input flow rates: (a)
temperature of the directly coupled system; (b) voltage of the directly coupled system; (c) temperature of the
indirectly coupled system; (d) voltage of the indirectly coupled system
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Fig. 12 Temperature and voltage responses of two coupling systems at different inlet temperatures: (a)
temperature of the directly coupled system; (b) voltage of the directly coupled system; (c) temperature of the
indirectly coupled system; (d) voltage of the indirectly coupled system

21 1.5%~5%, FAIEEE L) 6% (EEEFER
WA, [MEMG Rg08EIT MPPT #1 Boost 4% #: 4%
BRSNS, WIS GRM AT iz
ITIRERI B, MIMiE s RN
Mg rfeE . BITSH0 7, &K1
SR PRRIR A R AR, S ek KR
BT BEAG AR TR R . S HI SR RS
H, GEKE, HEMGHAEH TEWR R, B
ABURII N 3 5%, 1 AR A 5 U i B e AR A
ANTFHABEmEENHR. FAfR Mg
PR, B A0 B A A AN AR e s AT B R ek
HIE RS

2 %F Xk

[1] KAMRAN M, TURZYNSKI M. Exploring hydrogen energy
systems: A comprehensive review of technologies, applications,
prevailing trends, and associated challenges[J]. Journal of

Energy Storage, 2024, 96: 112601.

RAKOUSKY C, REIMER U, WIPPERMANN K, et al. Polymer

electrolyte membrane water electrolysis: Restraining degradation

in the presence of fluctuating power[J]. Journal of Power

Sources, 2017, 342: 38-47.

[3] WANG T, CAO X, JIAO L. PEM water electrolysis for hydrogen
production: Fundamentals, advances, and prospects[J]. Carbon
Neutrality, 2022, 1(1): 21.

HE M, NIE G, YANG H, et al. A generic equivalent circuit model
for PEM electrolyzer with multi-timescale and stages under multi-
mode control[J]. Applied Energy, 2024, 359: 122728.

KHAN M A, NIELSEN M R, GOLSORKHI M S, et al. Multiphysics
modeling of electrolyzers under dynamic converter operation[J].

[4

5

International Journal of Hydrogen Energy, 2025, 176: 151478.
ENGEL F K, WODAK S, ZANDER H J, et al. Dynamic multi-
physics 1D-model of a proton exchange membrane electrolysis

[6]

cell[J]. International Journal of Hydrogen Energy, 2025, 119:
56-72.
ASIABAN S, BOZALAKOV D, VANDEVELDE L. Development of

a dynamic mathematical

[7]
model of PEM electrolyser for
integration into large-scale power systems[J]. Energy Conversion
and Management: X, 2024, 23: 100610.

ESPINOSA-LOPEZ M, DARRAS C, POGGI P, et al. Modelling
and experimental validation of a 46 kW PEM high pressure water
electrolyzer[J]. Renewable Energy, 2018, 119: 160-173.

[91 Edwz, BUBsk . A& sRAR R AR KB B AR 2 i TR Ak

HeE R J]. KBHAE 4R, 2009, 30(4): 430-435.

LIAO Zhiling, RUAN Xinbo. Non-linear engineering simplification

[8]

model of silicon solar cells in arbitrary solar radiation and
temperature[J]. Acta Energiae Solaris Sinica, 2009, 30(4):
430-435.



TRIMINAE e OR A HL- o 158 He 5 ri gt /R 5 1) S R G sh S PR REAIT 7L 13

[10] SKOPLAKI E, PALYVOS J A. On the temperature dependence of
photovoltaic module electrical performance: A review of efficiency/
power correlations[J]. Solar Energy, 2009, 83(5): 614-624.

[11] GALLARDO F, GARCIA J, MONFORTI FERRARIO A, et al.
Assessing sizing optimality of OFF-GRID AC-linked solar PV-
PEM systems for hydrogen production[J]. International Journal of
Hydrogen Energy, 2022, 47(64): 27303-27325.

[12] DING L, PENG X, HOU J, et al. Hydrogen Production by Proton
Exchange Membrane Water Electrolysis in the Presence of Wind-
Solar Fluctuating Power Supply: Development and Application[J].
Strategic Study of CAE, 2023, 25(6): 237-247.

[13]ZHENG N, DING X, ZHOU Y, et al. Dynamic modeling and
response characteristics of a solar-driven polygeneration system
coupled with hydrogen and thermal energy storage[J]. Energy

Conversion and Management, 2023, 293: 117496.

[14] MAKHSOOS A, KANDIDAYENI M, AIT ZIANE M, et al. Energy
management for modular proton exchange membrane water
electrolyzers under fluctuating solar inputs: A constrained
nonlinear optimization approach[J]. Applied Energy, 2025, 394:
126124.

[15] HUNER B. Mathematical modeling of an integrated photovoltaic-
assisted PEM water electrolyzer system for hydrogen production
[J]. International Journal of Hydrogen Energy, 2024, 79: 594-608.

[16] LI X, ZHANG Q, XIAO F, et al. Dynamic modeling and analysis of
electro-thermal coupling characteristics in proton exchange

International  Journal  of

membrane water electrolysis[J].

Hydrogen Energy, 2025, 175: 150955.



