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Research progress and challenges of photovoltaic-driven electrolysis water

splitting for hydrogen production
CHEN Xin, REN Liping, CHEN Chunying, WANG Qi, LIU Keyan, FAN Jinpeng, WEI Jinjia, CHEN Jie
(School of Chemical Engineering and Technology, Xi'an Jiaotong University, Xi’an 710100, China)
Abstract: Photovoltaic driven hydrogen electrolysis, using photovoltaic power to produce hydrogen by electrolysis of water, is a promising
green hydrogen production technology, and has significant advantages compared with other types of hydrogen production technology.
This technology not only possesses notable advantages such as low energy consumption, pollution-free operation, and a simple structure,
but it also converts unstable solar energy into stable hydrogen energy, offering reliable energy storage and peak-shaving capabilities for
power systems. It is of great significance for establishing a sustainable energy system. In this paper, the research progress of photovoltaic
driven water electrolysis technology is summarized, and optimization strategies for water electrolysis catalysts as well as the integration
methods of photovoltaic-electrolysis systems are discussed. Firstly, given the background of energy crisis, the importance of photovoltaic
driven hydrogen electrolysis in constructing the sustainable energy system is highlighted. Subsequently, the basic concepts of
photovoltaic-electrolysis are introduced, by analyzing the principles and characteristics of different water electrolysis technologies, the key
factors for enhancing electrolysis efficiency are revealed. Then, the design and optimization strategies of water electrolysis catalysts are
explored, especially innovative approaches in electronic structure modulation, interface engineering, and surface engineering, and the
existing strategies for improving the efficiency of hydrogen production by photovoltaic-electrolysis are summarized. Furthermore, the
impact of coupling configurations on the efficiency of photovoltaic electrolysis systems is evaluated, and the technical difficulties

associated with system integration and scaling-up are discussed. Finally, the challenges and future research directions of photovoltaic-

75 B H#8:2024-10-10; 5K X 4R 48 IGEHE; HEHRE: XIS DOI: 10.13226/j.issn.1006-6772.HH24101001

BT R E A AR 28 % B 5 H (2021YFF0501900)

EZEBMN: T #7(1999—), B, LHEWA, T4 E-mail: XinChen@stu.xjtu.edu.cn

BIHEE: T A (1989—), 5B, RSB A, 2%, BT, E-mail: jie.chen@xjtu.edu.cn

51 RS BHT, 2N, BRARI, S5 DB IR S LKk il S BRI se itk Jg S Bk (1) B oR, 2024, 30(12): 38-55.
CHEN Xin, REN Liping, CHEN Chunying, et al. Research progress and challenges of photovoltaic-driven electrolysis

water splitting for hydrogen production[J].Clean Coal Technology, 2024, 30(12): 38-55. E 4
38


https://doi.org/10.13226/j.issn.1006-6772.HH24101001
https://doi.org/10.13226/j.issn.1006-6772.HH24101001
https://doi.org/10.13226/j.issn.1006-6772.HH24101001
mailto:XinChen@stu.xjtu.edu.cn
mailto:jie.chen@xjtu.edu.cn

i 8o SGORSK Sl L i K i S B AR AT 2t fie 5 PR A

2024 4E55 12 4

electrolysis technology for hydrogen production are prospected. A detailed overview of the photovoltaic driven hydrogen electrolysis

technology was provided, giving reference for the large-scale application and promotion of photovoltaic-electrolysis.
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Fig.1 Schematic diagrams of 3 types of electrolysis cell
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Fig. 5 Design cases of electrocatalysts with heterostructure
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Table 1 Summary of photovoltaics, catalyst, electrolyte, active area, 5jgry and stability in PV-EC systems

iR b B i O @R pe TR
(mol - L") 8] /h

4j n-SiFf Ik NiB NiMoZn KBi 0.5 6.000 10.00  24.000 [77]
Sidk S R4h Ni Ni KOH 1.0 5.700 1420  100.000 [78]
3j n-SiHHk Ni-Co-$ Ni-Co-$ NaOH 1.0 3.000 10.80  48.000 [79]
nnp-2j-nnp Ni-Mo/Ni Ni-Mo/Ni KOH 1.0 0.500 9.80 100.000 [80]
Si:H/a-Si:H/pc-Si: H CoysFey3V, 0y CopeFeg3Vo Oy  KOH 1.0 9.600 13.30 2.000 [81]
Sidk 5 T 4h Ni Ni KOH 1.0 38.500 10.00  180.000 [82]
a-Si:H/a-SiGe:H H-doped TiO, (HTO) H-doped TiO, (HTO) NaOH 1.0 0.283 — 5.000 [83]
InGaP/GaAs/Ge Pt Pt H,S0, 0.5 2.000 1740 35000 [84]
GaInP/InGaAs/Ge Ir Pt HCIO, 1.0 18.400 17.10 1.000 [85]
InGaP/GaAs/Ge RuO, Pt HCIO, 1.0 16.000 24.40 0.167 [86]
3j CPV Pt Pt H,0 — 60.800 18.78 9.000 [87]
GalnP/GaAs/Ge NF NF NaOH 1.0 20.000 2240  24.000 [88]
InGaP/GaAs/GaInNAsSb Ir Pt H,S0, 0.5 0.316 30.00  48.000 [89]
InGaP/InGaAs/Ge Ni(OH),/Ni Pt KOH 5.0 0.090 28.00 1.500  [90]
GaAs/InGaP/TiO2 NiMo Ni KOH 1.0 1.000 10.00  40.000 [91]
CH,;NH,Pbl, NiFe LDH NiFe LDH NaOH 1.0 0.318 1230 10.000 [92]
(FAPbL,),_(MAPbBr;), NiFe LDH CoP KOH 1.0 0.320 1270 16.000 [93]
MAPBI, Ru(O)Pol@CNTs Pt BRI — 0.180 2120 15.000 [94]
MAPb(I,4sBry 15); NiFe NiMo NaOH 1.0 0.188 17.52 3.000 [95]
Cso.19FAgg1 Pb (Brg 1310573 NiFe LDH CC/TiC/Pt KOH 1.0 1.420 18.70 2.000 [96]
PSCs NiCoFe-TDC-AC NiMo,/MnO;_,  KOH 1.0 0.500 21.32 8.000 [97]
Rby,05C0.00sMAg 1425FAg 7125PbL,Br NiFe NiMo KOH 1.0 1.000 20.00 5.000 [98]
Ko.05C80.05(FAg79MAg 21)090Pb (I 79Brg.21) RuO, Pt H,0 — 1.000 21.00  72.000 [99]
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