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Optimization of capacity configuration for multi-type electrolyzer hydrogen
production system based on long-term stochastic scenarios using LHS-MC
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(1. Zhanjiang Power Supply Bureau of Guangdong Power Grid Co., Ltd., Zhanjiang 524000, China;
2. School of Electric Power, Civil Engineering and Architecture, Shanxi University, Taiyuan 030031, China)

Abstract: [Objective] To accelerate the realization of the “dual carbon” goals and improve both the economic
viability and hydrogen supply stability of green hydrogen systems, this study designs an off-grid hydrogen
production system utilizing a multi-type electrolyzer cluster. [Methods] First, the start-stop operational
characteristics of the multi-type electrolyzer cluster were modeled. Considering the constraints of stable hydrogen
supply for downstream chemical production, a capacity configuration optimization model for the off-grid green
hydrogen system was established with the objective of maximizing net revenue. Second, the uncertainty of wind
and solar power output was analyzed. The k-means clustering algorithm was utilized to obtain multiple joint wind-
solar output scenarios. Latin hypercube sampling (LHS) was employed to describe the intraday randomness of wind
and solar output, while a Markov Chain (MC) was adopted to simulate the inter-day correlation, thereby generating
the required long-term stochastic scenarios. Finally, a case study was conducted based on a specific green hydrogen
project in Xinjiang for simulation analysis. [Results] The proposed long-term stochastic scenario generation method
can effectively simulate the uncertainty and correlation of continuous wind and solar power output. Compared with
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single-type electrolyzer configuration schemes, the multi-type electrolyzer scheme can significantly improve system
economics. [Conclusion] The combination of a multi-type electrolyzer cluster and the long-term stochastic scenario
generation method enhances the economic performance and operational reliability of off-grid green hydrogen
systems, providing a reference for the planning of high-proportion renewable energy hydrogen production systems.
Key words: wind and solar uncertainty modeling; alkaline electrolyzers; proton exchange membrane electrolyzers;

green hydrogen; capacity allocation
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Fig.1 Structural diagram of off-grid multi-type electrolyzer
cluster hydrogen production system
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production equipment cluster
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Fig.7 Generation results of long-term uncertain wind-
solar scenarios
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Tab.2 Economic indicators of various devices in the system

W P A TEYERRAR S BV AR Z 1%
AR 3500 JL/KW 1
RNER[R%EN 4800 Fo/kW 1
g e A 2000 Ji/KW 2
JOT TN LA A 8 000 JG/kW 2
G (bit) 340 o/ md 1
AL 2200 75/(KW h) 2

R 3 ZABHRERAIER
Tab.3 Technical indicators of multiple types of hydrogen
production equipment

W WA BB
HIEREFE (KW h m3) 5.0
PG EE IR/ MW 5.0
54y ¥ /% 30~100
2 ]
Bt S EhFERT/min 60
JA Bl HLRE B /% 15
1t 50 H0 it 28
% SHEFE/(KW hm3) 45
BHEIhE/MW 0.9
G407 Y % 5~120
72 et
JoR T LA N s
Ja B LB R % 15
1t 50 H0 it 28
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Tab.4 Comparison of optimization results for hydrogen

production schemes considering multiple types of
electrolyzers

AR LES! 75 %2 77 %3
PEMELZ /MW 198.9 0 11.7
AELHEIG 0 290 275
LG REZS B/(MW ) 0.43 27.94 26.16
fEAREAE bRl [Jim3 44.0 50.6 50.6
(RSN R V) 1.77 1.67 1.70
SARG LTI T 16911 21794 21847
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Tab.5 Effect of considering actual operational constraints
on optimization schemes
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AR bRl 1) m3 0 50.6 +50.6
AEL 515 IR % 351 123 —228
PEMEL £ J3 {5 5k 181 26 -155
Fr AL % 0.86 0.67 -0.19
H itk 30 %1% 69.83 4.41 —65.42
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Fig.8 Effect of actual operational constraints on operation scheduling of multiple types of hydrogen production equipment
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Fig.9 Effect of actual operational constraints on hydrogen supply
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