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ABSTRACT The alkaline water electrolysis (AWE) system must accommodate load variations to effectively manage the intermittency
of renewable energy sources. This study divides the system into two components: the AWE stack and the balance of plant (BOP). It
compares the operational characteristics of the system under different temperature and pressure conditions during load variation. The
AWE system was initially focused on pressure control, as it is easier to manage, followed by temperature control. The stack’s
performance was analyzed using C++ based numerical simulations, and the BOP system was evaluated through Aspen+ based process
analysis. Key performance indicators for the stack included cell voltage, current density, Faraday efficiency, and hydrogen production
across a temperature range of 60-85°C and pressure range of 1-30 bar under load conditions of 10%-90%. Results revealed that as
the pressure decreased and temperature increased, both the current density and hydrogen production improved. Under low-load
conditions, hydrogen production was found to be more sensitive to changes in pressure and temperature; this sensitivity diminished at
higher loads. Furthermore, temperature control significantly influenced stack performance more than pressure control. Notably, the
BOP system’s power consumption constituted 23% of the stack’s input power at a 10% load, decreasing to 9.2% at a 90% load.

Key words Alkaline water electrolysis(&7}2}215=73)]), Load variation(3-3} *H%), Hydrogen production(4=24> 2§ A}), Pressure and
temperature control(Y= I} -2 = A)| o]), Stack and BOP(X B 1} H A A H])
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Subscripts

a : anode

act : activation overvoltage

c : cathode

mem : membrane

Q  :ohmic

ref :standard condition (25°C, 1 atm)

rev :reversible

Symbols
d : distance between electrode and membrane [cm]|
F : faraday’s constant [C/mol]
] : current density [A/em’]
jo  :exchange current density [A/cmZ]
L :thickness of electrode, membrane [cm]
m  :molar concentraition [mol/L]

ny :production of Hy, O [g/s]

ne  : number of cells in the AWE stack
P : pressure [bar]

Pmro : partial pressure of water [bar]
P’ia0 : the standard partial pressure of water [bar]
R :ideal gas constant

Rx  :resistance [Q]

S, A :active area [sz]

T : temperature [K]

T :temperature [°C]

w  :mass fraction [wt.%]

W :electric power [kW]
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Fig. 1. Schematic diagram of Alkaline Water Electrolysis (AWE) system
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Fig. 2. Process flow of numerical analyses of AWE stack and
Balance of Plant (BOP)
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Table 1. Fraday efficiency model of stack

Parameter Coefficient Value Unit
fu 478645.74 A'm™
Faraday fio —2953.15 A’'mC
efficiency for 1.03960 -
foo —0,00104 C
Jew * A

nHZ =NF 2F Teent (25)
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Table 2. Conditions of numerical analysis of stack

Parameter Unit Value
Stack fr}empirature “a 60 ~ 85
stack.
Stack Pressure bar 1 ~30
(Pstack)
stack.
Stack Capacity kW 150
Input Power KW 15 ~ 135
(Wstack) (10 ~ 90%)
ACta’\f A)r ea m? 0.785
ell,
Number of Cell Cells 39
(Neen)
cell,
Electrolyt-e Wwi% KOH 30
Concentration
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Table 4. Results of total heat transfer of BOP system

Load Heat Transfer (kW)
(%) Tbar | 3bar | 5bar | 7bar | 10 bar
10 3.49 3.47 3.47 3.47 3.47
30 5.16 5.19 5,19 5.20 521
50 7.02 7.10 7.12 7.13 7.14
70 9.46 9.58 9.61 9.62 9.64
90 12.25 12,41 12.45 12.47 12.49
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Table 5. Evaluation of the effect of temperature and pressure on hydrogen production in a stack

Hydrogen Production (g/s)
Load (%) . 5 N : .
30 bar & 60°C 30 bar & 70°C 7 bar & 70°C 1 bar & 70°C 1 bar & 85°C

10 0.02837 0.03223 0.03279 0.03369 0.04128
30 0.1966 0.2067 0.2086 0.2117 0.2285
50 0.366 0.3773 0.3801 0.3845 0.403
70 0.5235 0.5358 0.5393 0.5448 0.5652
90 0.6732 0.6867 0.6910 0.6974 0.7199
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