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Keywords:
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ABSTRACT

The intermittency of wind power is widely acknowledged to have a detrimental impact on the lifespan of
electrolyzers in large-scale hydrogen production plants. The large differences in the lifespan of each electrolyzer
can affect the orderly progression of hydrogen production, further causing production challenge for the down-
stream products such as ammonia. While considerable research has been conducted on the power allocation
strategies for multi-electrolyzers system, there remains a gap in addressing the degradation equilibrium among
multi-electrolyzers from a quantitative perspective. The present study proposes an allocation strategy that in-
corporates variations in temperature, hydrogen-to-oxygen (HTO), and oxygen-to-hydrogen (OTH) impurities into
the power distribution framework. A predictive model is developed to assess voltage degradation in each elec-
trolyzer, accounting for the impacts of hot and cold starts and load fluctuations. Case studies are performed to
compare the proposed strategy against start-stop and rotation strategies. The findings indicate that the total
voltage degradation for each electrolyzer is approximately 290 pV, effectively reducing the degradation
discrepancy among them. Additionally, the temperatures of the four electrolyzers are controlled around 360 K,
contributing to enhanced system stability. As a result, the hydrogen production efficiency under the proposed
strategy reaches 69 %, reflecting a 4 % improvement over current methods.

Nomenclature (continued)
gen Heat generated from reaction loss Heat loss to the environment
Symbols ht Heat transfer sb Standby state
T Temperature I Current im Impurity diff Gas diffusion
U Voltage n Molar flow rate conv Gas convection c Cell
A Area n Efficiency sep,up upper part of the separator max Maximum
n Amount F Faraday constant cs Cold start str Structure
C Heat capacity Q Heat 1f Low load fluctuation hf High load fluctuation
h Heat transfer coefficient r Abandonment rate hs Hot start rated Rated power of electrolyzer
R Heat resistance K, Proportional coefficient rew Renewable energy i Index for electrolyzers in a
N Total moles of gas At Time interval group
Y State variable for cold start z State variable for hot start t Index for time step waste ~ Wasted energy
process process re Reversible voltage
P Power k Time step Abbreviations
K; Integral coefficient HTO Hydrogen-to-oxygen OTH Oxygen-to-hydrogen
Superscripts and subscripts RU Ramping up AEL Alkaline electrolysis
ele Electrolyzer cw Cooling water PEMEL  Proton exchange membrane RD Ramping down
cw,i Inlet of cooling water cw,0 Outlet of cooling water electrolysis
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