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Abstract: Hydrogen is one of energy storage systems, which could be transfer from electric energy to chemical energy
or from chemical energy to electric energy, and is as an energy carrier. Water electrolysis is being investigating as one of
the hydrogen production methods. Recently, water electrolysis receive attention for the element technology in PTG (power to
gas) and PTL (power to liquid) system. In this paper, it was explained the principle and type for the water electrolysis, and
recent research review for the alkaline water electrolysis.
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Fig. 1. Total (AH), thermal (Q) and electrical energy de-
mand of an ideal water electrolysis process as a function
of the temperature[9].
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Table 1. Comparison of AWE, PEME and HTSE[1,2,14]

Gab-Jin Hwang - Ho-Sang Choi

Electrolysis type AWE PEME HTSE
Electrolyte 20~40% KOH Pure water Steam
Membrane Anion exchange membrane Cation exchange membrane Solid oxide
Anode Ni-Co alloys RuO,, IrO, LSM/YSZ
Electrode A ;
Cathode Ni, Ni-Mo alloys Pt, Pt-Pd Ni/YSZ
Current density (A/cm?) 0.2~0.4 0.6~2.0 0.3~2.0
Cell voltage (V) 1.8~2.4 1.8~2.2 0.7~1.5
Operation Temp. (°C) 50~80 50~80 650~1,000
Operation pressure (bar) < 30 < 200 < 25
H, purity (%) 99.5~99.9998 99.9~99.9999 99.9
System efficiency (%, HHV) 68~77 62~77 89
System lifetime (h) > 100,000 > 40,000 < 10,000
Stack energy consumption (kwh/Nm’-H,) 4.2~5.9 4.2~5.5 > 32
System energy consumption (kwh/Nm®-H,) 4.5~6.6 4.2~6.6 > 37
Development status Commercial Small scale application R&D
System cost (€ /kg) 800~1,300 1,200~2,000 NA
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Fig. 2. Conceptual diagram of three water electrolysis technologies[2].
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Fig. 4. Membrane structure prepared by Cao et al..
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Fig. 5. Reaction scheme of membrane synthesis prepared by Wu and Scott.
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Fig. 7. Membrane structure prepared by Diaz et al..

o 2A FSoAe &o] Akehs TAF ] T32].

Ni + H,O — NiO + 2H" + 2¢ (20)
Ni + 20H — «-Ni(OH), + 2¢ (1)
Ni(OH), + OH" — NiOOH + H,O + ¢ (22)
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Fig. 8. Membrane structure prepared by Aili et al..
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1 (2) 3)
VOLMER TAFEL

@ - hydrogen

(Step 1, Volmer step) :
H,0 + M + ¢ — MHys + OH 17)

(Step 2, Tafel step) :
MH,gs + MHags — Ha + 2M (18)

(Step 3, Heyrovsky step) :
HyO + MH,ygs + ¢ — Hy + M + OH 19)

Fig. 9. Hydrogen evolution reaction in the alkaline water
electrolysis[31].
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